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The Kamyanyi (Kaminnyi) Potik Unit (Nappe) is the most internal and structurally-highest unit of the Fore-Marmarosh units,
and in many places is directly covered by the Marmarosh Nappes of the Marmarosh Crystalline Massif. Chyvchyn Mount is
built of this unit and forms a separate tectonic cap (Chyvchyn Mt. Klippe). It consists of the Upper Jurassic/lowermost Creta-
ceous Chyvchyn Formation, composed mainly of basic volcanic rocks, and the Tithonian-Early Cretaceous Kamyanyi Potik
Formation, represented by calcareous and/or turbiditic deposits containing volcanic material. Geological mapping showed
that this complex forms a tectonic klippe, which consists of four small tectonic thrust slices. Structurally, the lowermost one is
represented by thin-bedded micritic limestones with cherts, and is interbedded with coarse/fine-grained calcareous
pyroclastic turbidites (flysch). The second thrust slice is composed of calcareous-pyroclastic breccia with blocks of lime-
stone, basalt, and chert (radiolarite?), which occur within a pyroclastic matrix and of coral limestones with basalt fragments
and pyroclastic intercalations. The third thrust slice is constructed of breccia with a pyroclastic and volcanic matrix and clasts
of effusive rocks and limestone. The fourth thrust slice — the highest — is represented by massive basaltic pillow lavas.
Sedimentologically, the volcano-sedimentary complex represents a whole spectrum of marine mass-movement deposits,
from debris flows through proximal turbidites to distal ones, which were formed during latest Jurassic/earliest Cretaceous
time in the Outer Dacide-Severinide part of the Carpathian basins.
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INTRODUCTION al., 2008a, b; Sandulescu, 2009). The prolongation of the
Transylvanides towards Ukraine is unclear (Fig. 1).

The equivocal correlation of the suture zones in Ukraine has

The Ukrainian Carpathians occupy the junction where sev-
eral (sub)oceanic sutures converged, such as the Penninic-
Vabhic (its fragments are presented in the Pieniny Klippen Belt)
and the Meliata-Hallstatt (Meliata) (Plasienka, 1997) sutures in
the Western Carpathians, and the Transylvanides (branch of
the Vardar Zone; Sandulescu, 2009) and Fore-Marmarosh su-
tures in the Eastern Carpathians. The Fore-Marmarosh Suture
Zone is developed in the Ukrainian Carpathians (Gnylko, 1999;
Hnylko, 2011a); its prolongation towards Romanian territory
most likely is the Outer Dacides-Severinides (sensu Golonka et
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led to the varied tectonic reconstructions in the Alpine-
Carpathian region (Csontos and Voros, 2004; Golonka et al.,
2006; Schmid et al., 2008; Sandulescu, 2009). For proper cor-
relation, a detailed investigation of the well-exposed basic
(ultrabasic) magmatic rocks (possible fragments of ancient oce-
anic crust) is needed. On Chyvchyn Mt. (in the Ukrainian
Carpathians, close to the upper stream of the Chorny Chere-
mosh River), the volcano-sedimentary complex of rocks is fully
developed.

The first detailed geological structure of Chyvchyn Moun-
tains was shown on the geological maps published by
Zapatowicz (1886) and Pazdro (1934), however, on these maps
the Jurassic/Cretaceous volcano-sedimentary formations of
Chyvchyn Mt. were attributed to the Triassic (cf. Ksigzkiewicz
and Sokotowski, 1934), but its tectonic-structural position is cor-
rectly shown. Fifty years ago, a detailed map of Chyvchyn Mts.
(unfortunately unpublished) was compiled by the geologists of
the Carpathian expedition of Moscow University (Byzova et al.,
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assumes that the inner structural-facies units (pre-
dominantly nappes) of the Outer (Flysch) Carpa-
thians, such as the Burkut (=Porkulets), Dukla, and
Silesian (Krosno) ones, belong to both the eastern
and western Carpathians (Kruglov, 1986; Matskiv
et al., 2009). In the Ukrainian part of the orogen,
these units stretch out from the Uzh River up to
Cheremosh River. According to the second con-
cept, the Outer Eastern Carpathians Inner Nappes
do not extend from the west to the east Carpathians
(Vialov et al., 1981; Jankowski et al., 2007), and this
idea is adopted in the present work. It is generally
accepted that the Outer Skyba (=Skole, Tarkau)
Nappe extends from the western to the eastern
Carpathians.

On the basis of previous research (Vialov et al.,
1981; Kruglov, 1986; Csontos and Voros, 2004;
Schmid et al., 2008; Sandulescu, 2009; Hnylko,
2011a, b, ¢, 2012), the following tectonic elements
have been differentiated in the Ukrainian part of the
orogen (Figs. 1-3): the Central Western Carpa-
thians (part of the ALCAPA Terrane, buried under
Neogene deposits of the Transcarpathian Depres-
sion) and the Central Eastern Carpathians (Marma-
rosh Crystalline Massif, dismembered into Marma-
rosh basement nappes as well as Marmarosh
Klippen Zone — parts of the Tisza-Dacia Terrane);

Fig. 1. Tectonic setting of the Ukrainian Carpathians

Main tectonics units (after Kovac et al., 1998; Csontos and Voros, 2004;

Schmid et al., 2008; modified)

1964). The structure of Chyvchyn Mt. was defined there as the
tectonic nappe relict (Chyvchyn Mt. Klippe), built by the Juras-
sic/Cretaceous volcano-sedimentary rocks that overlie the Cre-
taceous flysch.

Medvedev and Varitchev (2000) suggested that this klippe
may be a remnant of the Transylvanian Nappes (Transyl-
vanides). Recently, geological data from the region were sum-
marized by Matskiv et al. (2009); they related the Jurassic/Cre-
taceous volcano-sedimentary complex of the Chyvchyn Mt.
Klippe to the Kamyanyi Potik Unit (Nappe), developed directly
in the front of the Marmarosh Nappes.

The basic volcanic rocks of Chyvchyn Mt. are well-known,
owing to studies by many geologists (Lomize, 1968;
Lyashkevich et al., 1995; Varitchev, 1997; Medvedev and
Varitchev, 2000); some of them aimed to reconstruct the
palaeotectonic conditions of the origins of the volcanogenic
rocks. The main aim of this work is to show, for the first time in
such a detailed view, a map of Chyvchyn Mt. and its vicinity,
with a new structural interpretation of a few tectonic thrust
slices, and preliminary sedimentological descriptions of the vol-
cano-sedimentary rocks which build them.

GEOLOGICAL BACKGROUND

The Ukrainian Carpathians form a connecting link between
the Western and Eastern Carpathians, but the structure of this
connection is disputable. There are two concepts. The first idea

the Outer Eastern Carpathian Inner Flysch Nappes
(Units) — Kamyanyi Potik, Rakhiv, Burkut, Krasno-
shora, Svydovets and Chornohora nappes; the
Outer Western Carpathian Inner 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, towards the
north-east.

The accumulation of the Carpathian Flysch nappes — the
ancient accretionary prism — was caused by the subduction of
the Carpathian Flysch Basin basement, beneath both the
ALCAPA and Tisza-Dacia terranes (Kovac et al., 1998;
Csontos and Voros, 2004; Oszczypko, 2006; Schmid et al.,
2008). The Outer Western Carpathian Inner Flysch nappes
(Fore-ALCAPA Magura-Dukla prism) were built in the foreland
of the ALCAPA Terrane during the Paleogene. The Outer East-
ern Carpathian Inner Flysch Nappes (Fore-Marmarosh flysch
prism) was formed in the front of the Tisza-Dacia Terrane dur-
ing the Cretaceous—Paleogene. In the Neogene, the Outer
Carpathian flysch-molasse nappes were incorporated within an
amalgamated inner accretionary wedge system (Hnylko,
2011a, ¢, 2012; Figs. 1-3).

The Kamyanyi Potik, Rakhiv, and Burkut nappes contain
remnants of Jurassic-Lower Cretaceous mafic volcanic rocks
of both ensialic and ensimatic origin (Lyashkevich et al.,
1995), and are regarded by us as the Fore-Marmarosh Suture
Zone (or part of the suture) which bounded the Tisza-Dacia
Terrane from the north-east (Hnylko, 2011a). The ALCAPA
Terrane is bound by the Penninic-Vahic Suture (Plasienka,
1997) from the north-east.

The Kamyanyi Potik, Rakhiv, and Burkut suture units are
developed in the frontal part of the Marmarosh (Maramures in
Romanian) basement nappes (Crystalline Massif) of the Cen-
tral Eastern Carpathians, and most likely correspond to the
Outer Dacides-Severinides (sensu Golonka et al., 2008a, b;
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Fig. 2. The main tectonic units of the Ukrainian Carpathians (Hnylko, 2012, modified)

Sandulescu, 2009). The Kamyanyi Potik Unit is most probably
the prolongation of the Black Flysch Unit of the Romanian
Carpathians.

The Kamyanyi Potik Unit (Nappe) is the structurally-highest
and most internal unit of the Fore-Marmarosh Nappes (flysch
prism), and in many places is directly covered by the Marma-
rosh basement nappes. But its connection with the surrounding
units is still a matter of discussion (Boyko, 1970; Vialov et al.,
1981; Kruglov, 1986; Slaczka et al., 2006; Krobicki et al., 2014).
Boyko (1970) interpreted this unit as being part of the Radomyr
Zone of the Marmarosh Massif, Vialov et al. (1981) related it to
the Rakhiv Nappe (Unit), and Kruglov (1986) and Slaczka et al.
(2006) considered this unit to be a part of the Marmarosh
Nappes. According to the results of the last geological mapping
(Matskiv et al., 2009), which are adopted in the present work,
the Kamyanyi Potik Unit forms a separate nappe, which ex-
tends from the front of the Marmarosh Nappes and consists of
the Upper Jurassic/lowermost Cretaceous Chyvchyn Forma-
tion (up to 1000 m thick) composed mainly of basic volcanic
rocks, and the Tithonian-Valanginian Kamyanyi Potik Forma-
tion (thickness 200 m), which is represented by thin-bedded
limestones, shales, sandstones, and conglomerate-breccias
with pyroclastic material, which pass upwards into siliciclastic
thick-bedded psammites and psephites (about 400 m thick).
The best places to study this unit are both in the Rakhiv city vi-
cinity (Kamyanyi Stream — stratotype of the Kamyanyi Potik

Unit) and on Chyvchyn Mt. — the highest peak of the Chyvchyn
Mts. Here, this unit occupies exactly the same highest structural
position as in the Outer Carpathian flysch nappes.

The other units/nappes of the Outer Eastern Carpathians
Inner Flysch Nappes (sensu Hnylko, 2012) are represented by
the Rakhiv, Burkut (=Porkulets), Krasnoshora, Svydovets and
Chornohora nappes (Figs. 2—4).

The Rakhiv Nappe is formed exclusively of the Early Creta-
ceous Rakhiv (Sinaya in Romania) Formation (about 500 m
thick), dipping generally towards the south-west under the
Kamyanyi Potik Nappe and overthrusted on the Porkulets
(=Burkut) Nappe (according to Kruglov, 1986; see also Slaczka
et al., 2006 with references therein). The Rakhiv Formation
consists of calcareous hemipelagites, thin- and medium-bed-
ded turbidites, and locally of Barremian-Aptian thick-bedded
psammites.

The Burkut Nappe in the southeastern section of the Ukrai-
nian Carpathians, east of the Luzhanka River, forms a belt (up
to 20 km wide) of Cretaceous sedimentary successions. These
successions consist of Barremian-Albian clay-silt dark grey
hemipelagites, contourites, rarely turbidites (Bila Tysa Forma-
tion, thickness ~1000 m), Albian thick-bedded sandy turbidites
(Burkut Formation, thickness ~1000 m), and thick lenses of
Albian Bronka-Bogdan conglomerates. West of the Luzhanka
River, the Lower Cretaceous deposits pass upwards into Ceno-
manian-Turonian variegated marls (Sukhiv Formation, thick-
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Compiled 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)

ness ~100-200 m) and Senonian sandy deposits (Tereshov
Formation, thickness 600 m; Fig. 3).

At the base of the Burkut Nappe, as indicated earlier, tec-
tonic klippen of Jurassic-Early Cretaceous mafic volcanic rocks
(Trostyanets Formation) of both oceanic and continental origin
are present (Lyashkevich et al., 1995).

The Burkut Nappe is thrusted onto the Krasnoshora Nappe
(=Luzhanka Sub-Nappe of the Dukla Nappe according to Kru-
glov, 1986), represented by the series of narrow thrust sheets.
These thrust sheets comprise: Lower Cretaceous hemi-
pelagites (black, dark grey claystones) and sandy medium-bed-
ded quartzitic turbidites (Shypot Formation, 100-200 m thick);
Cenomanian-Turonian pelagic’hemipelagic deep-water varie-
gated shales (Jalovets Formation ~50 m thick); Senonian
coarse-grained, mainly psammite, turbidites (Krasnoshora For-
mation) up to 500 m thick.

The Svydovets Nappe (=Blyznytsia Sub-Nappe of the
Dukla Nappe, according to Kruglov, 1986) comprises: Lower
Cretaceous black shales and quartzitic turbidites (Shypot For-

mation); Upper Cretaceous pelagic/hemipelagic variegated
shales (Yalovets Formation) and dark grey claystones, marls,
and psammites (Lolyn Formation ~500 m thick); Seno-
nian-Paleocene sandy thick- and medium-bedded turbidites
(Urda Formation ~1000 m thick); Paleocene-Eocene sandy
predominantly thick-bedded turbidites (Bobruk Formation
~1500 m thick) and minor extensions in the outer thrust sheet of
the nappe Oligocene deposits (Menilite and Krosno formations;
Fig. 3).

The Chornohora Nappe is a prolongation of the Audia
Nappe, occurring in Romania. It is subdivided into the inner
(southern) Hoverla Sub-Nappe and the outer (northern) Skupiv
Sub-Nappe. The Hoverla Sub-Nappe comprises stacked nar-
row thrust sheets, which consist of the Lower Cretaceous black
deposits (Shypot Formation), Upper Cretaceous variegated
hemipelagic shales (Yalovets Formation), and sandy predomi-
nantly thick-bedded turbidites (Chornohora Formation ~1000 m
thick). The Skupiv Sub-Nappe consists of Cretaceous black de-
posits (Shypot Formation), variegated hemipelagic shales
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Fig. 5. Geological map of the Chyvchyn Mount area

(Yalovets Formation), and Senonian sandy medium- and
thick-bedded turbidites (Skupiv Formation ~1000 m thick). The
Paleocene-Eocene sedimentary succession (700—-800 m thick)
is composed of medium- to thick-bedded flysch sandstones
and variegated shales. The Oligocene Menilite and Krosno for-
mations (up to 200 m thick) extend locally in the outer narrow
thrust sheets of the Skupiv Sub-Nappe.

STRUCTURE OF THE CHYVCHYN
MOUNT AREA

Our geological mapping, carried out in August 2012,
showed that the volcano-sedimentary complex of Chyvchyn Mt.
(1766.1 m) (Figs. 5-8A, B) forms the tectonic klippe that covers
the Early Cretaceous flysch (Rakhiv Formation of the Rakhiv
Nappe), and is complicated by the four small tectonic thrust
slices (Figs. 5 and 6). The previous geological maps
(Zapatowicz, 1886; Pazdro, 1934; Byzova et al., 1964; Matskiv
et al., 2009) interpreted the complex of Chyvchyn Mt. also as a
klippe, but it was not determined whether or not the tectonic
trust slices were part of this klippe. Additionally, several geolo-
gists (Zapatowicz, 1886; Limanowski, 1905; Ksigzkiewicz and
Sokotowski, 1934; Pazdro, 1934; Horwitz, 1935; Byzova et al.,
1964; Lomize, 1968) thought that the volcano-sedimentary
complex of Chyvchyn Mt. is overturned, however, our sedi-

mentological observations, such as those of cross-laminated
calcareous sandstones that become finer-grained upwards, in-
dicate normal tectonic positions of the deposits in these thrust
slices.

The structurally-lowest first thrust slice (100-200 m thick)
crops out on the northern slope of Chyvchyn Mt. (Hnylko et al.,
2007) and is developed as thin-bedded light and dark grey
micritic limestones with lenses of dark cherts, and is inter-
bedded with coarseffine-grained calcareous pyroclastic turbi-
dites (flysch) (Kamyanyi Potik Fm. — Figs. 5,6 and 7C, D ). ltis
similar to the stratotype of this formation 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 outcrops of pyroclastic flysch — turbidites with
graded textures that contain significant amounts of volcanic
material. This flysch most likely should be attributed to the
Kamyanyi Potik Formation. Such unique flysch-type rocks are
usually developed as more or less thin intercalations, both of
coarse- and fine-grained calcareous pyroclastic beds within
thin-bedded light and dark grey micritic limestones, sometimes
with lenses of dark cherts.

Based on the sedimentological features typical for turbiditic
systems we can interpret it as the distal equivalent of the
deep-marine lobes of turbidite fans. On the other hand, more
coarse-grained pyroclastic sandstones and fine-grained pyro-
clastic conglomerates could represent a more proximal-type of
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turbiditic currents. All these types of rocks have typical flysch-
character features, including a sharp base of beds with clasts of
allochthonous materials, graded bedding, ripple-lamination,
and an increase in the pelagic character of the topmost part of
the beds (up to micritic limestones). The deposits of the first
thrust slice lie subhorizontal and form a gentle syncline.

The second thrust slice (250-300 m thick) reaches the
surface on the northern 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
comprises calcareous-pyroclastic breccias, with blocks of
micritic and organodetrital limestone (usually up to 1.5 m but
occasionally even up to 20 m-across, sometimes with Late Ju-
rassic/earliest Cretaceous corals — Lomize, 1968), basalts
(even as pillow lava fragments), and small fragments of red
cherts, which occur within a volcanic/tuffitic matrix (Fig. 7E-G).
In the same thrust slice, coral limestones with basalt fragments
and pyroclastic intercalations, as well as cross-laminated cal-
careous sandstones — deposited probably between the actions
of mass movements — are observed. Judging by the chaotic
structure of this calcareous-pyroclastic breccia, it represents
extremely proximal mass movements, most probably as sub-
marine debris flows. These deposits dip very gently to the
south-west, but on the eastern slope of Chyvchyn Mt., directly
under the thrust plane of the third thrust slice, the dip changes
to subvertical, which can be explained by the thrust-related fold-
ing of parautochthonous rocks (Figs. 5 and 6).

The third thrust slice is a small tectonic lens (up to 40 m
thick) which comes to the surface near the top of Chyvchyn Mt.,
and is filled by breccia with volcanic clasts (up to 1 m in size) of
effusive rocks (locally as pillow lava fragments) and rare lime-
stones, in pyroclastic or volcanic matrix.

The fourth thrust slice (200—250 m thick) forms the high-
est one in the structure of Chyvchyn Mt. and crops out on the
Chyvchyn summit and its southwestern slope, and is repre-
sented by massive green-grey and dark basalts with typical pil-
low lava structures (Fig. 8A, B). Itis gently thrust over the third
thrust slice. Basaltic lava layers gently dip to the south-west.
Near the top of Chyvchyn Mt., basalts are depositionally over-
lapped by micritic grey limestones up to 15 m thick. These lime-
stones lie subhorizontally and crop out as a small (few tens of

metres) “caps on basalts” — the erosional remnants of the lime-
stone beds.

Byzova et al. (1964), Lomize (1968) and Matskiv et al.
(2009) attributed the rocks of the Chyvchyn Mt. Klippe to the
Upper Jurassic/lowermost Cretaceous Chyvchyn Formation. In
our opinion, according to the lithostratigraphical scheme, bas-
alts and breccias only of the second, third, and fourth thrust
slices belong to the Chyvchyn Formation (ch; see Figs. 5 and
6), and micritic laminated limestones and calcareous
pyroclastic turbidites of the first thrust slice belong to the
Kamyanyi Potik Formation (kp).

Flysch deposits, represented by the polymictic or siliciclastic
medium-grained turbidite sandstones which underlie the
Chyvchyn Mt. Klippe, belong to the upper part of the Lower Cre-
taceous Rakhiv Formation (K4rh). The clastic material consists
of quartz, feldspar, mica, and fragments of metamorphic and
sedimentary rocks, similar to the Marmarosh Massif ones. The
Rakhiv Formation deposits comprise the Rakhiv Nappe, which
gently thrusts onto the outer Burkut Nappe. Byzova (1965) de-
scribed, within the Rakhiv Formation, in the upper parts of the
Dobryn and Albin streams, “horizons with inclusions” up to
120 m thick, with sedimentary slumps of redeposited flysch,
basalts, and metamorphic rocks. The slumps, developed under
the Chyvchyn Mt. Klippe in the front of the Marmarosh Nappes,
were most probably derived from the Kamyanyi Potik and
Marmarosh nappes. The Burkut Nappe, in the Chyvchyn Mt.
area, is composed of the grey, mainly medium-bedded silici-
clastic mica flysch (the Lower Cretaceous Bila Tysa Formation,
K1bl) without distinct Bouma textures, however, with well-de-
fined cross and convolute lamination.

South from Chyvchyn Mt., near the border between Ukraine
and Romania (Chyvchynazh Mt., 1587.3 m), are developed
crystalline Precambrian rocks of the Marmarosh Massif, repre-
sented by the two-mica gneisses and schists of the Bilyi Potik
Formation (PR3bp). These rocks belong to the Bilyi Potik Nappe
(Marmarosh Lower Nappe, according to Matskiv et al., 2009),
which is thrusted upon the Rakhiv Unit. The structural relation-
ship between the Marmarosh Massif and the Chyvchyn Mt.
Klippe is unclear, since they are separated by the Rakhiv For-
mation (Figs. 5 and 6).
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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 basalt rocks; C, D — thin-bedded limestones with pyroclastic intercalations (first trust slice);
E-G - pyroclastic/volcanic breccias (second trust slice)
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Fig. 8A, B — pillow lava basalts (fourth trust slice); C — view on the Chelakin Mount (1468.0 m);
D — view on the Farcaul and Mihailecul mounts (Romanian Carpathians)

To the north-east of Chyvchyn Mt. is a small hill (“Little
Chelakin”), composed of the following rocks (Fig. 8C):

— Precambrian schists and gneisses of the Bilyi Potik For-

mation (thickness of ~40 m);

— Permian(?)— Lower Triassic quartzitic grey and red con-

glomerates, found only in pebbles;

— Middle(?) Triassic grey non-laminated and massive

limestones and dolomites (thickness of ~50 m);

— Upper Jurassic(?) layered red cherts.

It seems that these four stratal units, lying one on another,
very gently dip to the east and comprise the Little Chelakin
Klippe (~250 x 350 m) of the Bilyi Potik Nappe (Marmarosh
Lower Nappe) which structurally overlies the Rakhiv Unit. How-
ever, the Rakhiv Formation (parautochthon) thrusts along the
subsequently formed fault on the Little Chelakin Klippe from the
south-west, and thus the Rakhiv Early Cretaceous flysch on the
slope of Chyvchyn Mt. is elevated above the Bilyi Potik crystal-
line schists (Figs. 5 and 6).

The klippe of the Bilyi Potik Nappe is developed on the
south-east slope of Chyvchyn Mt. (Matskiv et al., 2009). It con-
sists of Middle(?) Triassic, grey, non-laminated, massive lime-
stones and dolomites (Fig. 5).

About 1650 m to the north-east from the Chyvchyn summit
there is also a small (~250 x 250 m) tectonic klippe of the
Dilovets Nappe (Marmarosh Upper Nappe — Matskiv et al.,
2009), which builds Chelakin Mt. (1468.0 m) (Fig. 8C). This
klippe is composed of the metamorphosed, foliated, and acidic
volcanic rocks of the Berlebash Formation (V-$1br), and struc-
turally overlaps the Rakhiv Unit (Figs. 5 and 6).

DISCUSSION

The volcano-sedimentary complex of the Chyvchyn Mt.
Klippe does not form a single stratigraphic sequence, as was
previously assumed (Byzova et al., 1964; Lomize, 1968;
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Matskiv et al., 2009), and is clearly subdivided into several tec-
tonic thrust slices. Three rock associations, distributed into sev-
eral tectonic thrust slices of the Chyvchyn Mt. Klippe, can be
distinguished in this complex:

— basalts and volcanic breccias (fourth and third thrust
slices) of the lower(?) part of the Chyvchyn Formation;

— debris-flow sedimentary and volcano-sedimentary brec-
cias with blocks of limestone, basalt, small fragments of
red cherts within volcanic/tuffitic matrix and coral lime-
stones with basalt fragments and pyroclastic intercala-
tions (second thrust slice) — the upper(?) part of the
Chyvchyn Formation;

— thin-bedded micritic limestones, with cherts interbedded
with coarse/fine-grained calcareous pyroclastic turbi-
dites (flysch) (first thrust slice) — the Kamyanyi Potik For-
mation.

It is assumed that the three rock associations of the
Chyvchyn Mt. Klippe are genetically related. They can be at-
tributed to the Kamyanyi Potik Unit (Nappe), although direct
interrelation between the Chyvchyn Mt. Klippe and the
Marmarosh basement nappe is not observed in the area.
These associations probably were formed in the Late Juras-
sic—Early Cretaceous into several different parts of the Outer
Dacides-Severinides Carpathian basin, and can be consid-
ered as a facies. In our reconstruction, these facies have con-
tinual transitions, from very proximal types of debris flow
through flysch-type facies of coarse- and fine-grained
pyroclastic turbidites, up to flows of massive basaltic pillow
lavas on the other side. Pyroclastic flysch is not so common
among world-wide turbiditic systems of different ages (e.g.,
White, 2000; Jackson et al., 2008; Kralj, 2012). In contrast to
the intercalations of thin tuffitic layers, which frequently occur
in the Carpathian flysch deposits (e.g., the Podhale Flysch
Paleogene — Roniewicz and Westwalewicz-Mogilska, 1974;
Outer Flysch Carpathians — Cieszkowski et al., 2006), the
huge amount of pyroclastic material necessary for the origin of
pyroclastic turbidities indicates strong volcanic activity in the
source area and in its proximity. Additionally, depending on its
geochemical character, it is connected with special kinds of
geotectonic regime, manifested by voluminous pyroclastic
material production.

At this stage of research, we can argue that the volcanic for-
mation of the Chyvchyn Mt. Klippe, according to existing petro-
chemical data (Lyashkevich et al., 1995), most likely formed on
oceanic crust. The Chyvchyn Mt. Klippe, as a fragment of the
Kamyanyi Potik Unit, can be attributed to the Fore-Marmarosh
Suture Zone — a trace of the Late Jurassic—Early Cretaceous
(sub)oceanic basin (part of the embryonic Outer Carpathian
Basin) which existed between the Tisza-Dacia Terrane and
Eurasia. This basin was obviously characterized by sharply dif-
ferentiated depths: from shallow (as indicated by the remnants
of corals and organodetrital limestones on the Chyvchyn Mt.
Klippe) — to deep (fragments of the red cherts (radiolarites?) in
breccia from the Chyvchyn Mt. Klippe). In our case, the Juras-
sic/Cretaceous volcanic activity in these parts of the Carpathian
basins could be one of the best key to understanding the
geodynamic history of the northernmost part of Tethys. The fi-
nal clarification of this problem is impossible without the correla-
tion of the Chyvchyn Mt. structures with the volcanic formations
of the Romanian Carpathians (especially the Farcaul and
Mihailecul mounts — Fig. 8D; lanovici et al., 1968; Sandulescu,
1982; Krobicki et al., 2014).

The subduction of the Outer Carpathian sedimentary basin
basement under the Marmarosh Massif (Tisza-Dacia Terrane),
which probably began in the late Early Cretaceous, led to the el-
evation and denudation of the Marmarosh Massif, onset of the
flysch sedimentation in the Outer Carpathian Basin in the front
of Marmarosh Nappes (upper parts of the sedimentary succes-
sions of the Kamyanyi Potik Unit; as well as the Rakhiv Fm., Bila
Tysa Fm., and the Burkut sandy turbidites), and subsequently
led to the formation of the Fore-Marmarosh Flysch accretionary
prism. The first addition to the flysch prism, added in the Early
Cretaceous, was the Kamyanyi Potik Nappe, which began to
supply clastic materials, including olistoliths of basalt, into the
more external Rakhiv flysch sub-basin. Subsequently, in the
Early Cretaceous—Paleogene, Rakhiv, Burkut, Krasnoshora,
Svydovets, and Chornohora (Inner-Flysch Nappes — Fore-
Marmarosh prism) were formed step-by-step in the front of the
Tisza-Dacia Terrane (Hnylko, 2012). The sedimentary basin
basement was subducted, and only small tectonic lenses of ba-
sic volcanic rocks (including thrust slices of the Chyvchyn Mt.
Klippe) were scraped from the subducted plate and added to
the Fore-Marmarosh accretionary prism.

CONCLUSIONS

1. Chyvchyn Mt. is constructed by the Kamyanyi Potik Unit
(Nappe) and forms the separate a tectonic cap (Chyvchyn Mt.
Klippe) that structurally overlaps the Early Cretaceous flysch of
the Rakhiv Unit (Nappe). The Kamyanyi Potik Unit consists of
the Upper Jurassic/earliest Cretaceous Chyvchyn Formation,
which is composed mainly of basic volcanic rocks, and the
Tithonian-Valanginian Kamyanyi Potik Formation, which is rep-
resented by limestones, shales, sandstones, and conglomer-
ates-breccias with pyroclastic material. The Kamyanyi Potik
Unit is the structurally-highest and most internal unit of the
Ukrainian Outer Eastern Carpathians, which is overlapped by
Marmarosh (Maramures in Romanian) basement nappes (crys-
talline massif) of the Central Eastern Carpathians. This unit be-
longs to the Fore-Marmarosh flysch accretionary prism.

2. Our geological mapping showed that the Chyvchyn Mt.
Klippe is composed of the four small tectonic thrust slices. The
structurally-lowest, first thrust slice (100—200 m in thickness) is
developed as micritic limestones, with cherts interbedded by
pyroclastic turbidites (flysch) (Kamyanyi Potik Fm.). The second
thrust slice (250-300 m thick) is built mostly of calcare-
ous-pyroclastic breccia (submarine debris flow deposits), with
fragments of micritic and organodetrital limestone, basalt, red
cherts within volcanic/tuffitic matrix and coral limestones with ba-
salt fragments and pyroclastic intercalations (Chyvchyn Fm.).
The third thrust slice is a small tectonic lens (up to 40 m thick) and
is filled with breccia with pyroclastic or volcanic matrix and clasts
of effusive rock, and rare limestones (Chyvchyn Fm.). The fourth
thrust slice (200—250 m thick) forms the highest one in the struc-
ture of Chyvchyn Mt., and is represented by massive basalts with
typical pillow lava structures (Chyvchyn Fm.).

3. The volcano-sedimentary complex of the Chyvchyn Mt.
Klippe is composed of three rock associations, which occur in
several tectonic thrust slices: basalts and volcanic debris-flow
breccias, debris-flow sedimentary and volcano-sedimentary
breccias, and limestones with basalts and thin-bedded micritic
limestones, with cherts interbedded with calcareous pyroclastic
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turbidites. These rock associations are a facies which probably
originated in different parts of the Outer Dacide-Severinide
Carpathian Basin.

4. The volcano-sedimentary formation of the Chyvchyn Mt.
Klippe was formed on presumed oceanic crust, and is a rem-
nant of the Jurassic/Cretaceous Carpathian Basin in the north-
ern part of the Western Tethys.
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