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EXOTIC METAMORPHIC SCHIST FRAGMENTS IN THE OLIGOCENE DEPOSITS
OF THE SILESIAN NAPPE (UKRAINIAN CARPATHIANS)
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The study aims at analyzing the petrographic composition of exotic metamorphic schist clasts in the Oligocene deposits filling
the Silesian Nappe in the south-western part of the Ukrainian Carpathians and reconstructing their possible source area. The
methodology includes petrographic, sedimentological and comparative geological methods.

To achieve this goal, field research was carried out along the first right tributary of the Hysnyi Stream (the village of Uzhok,
Velykobereznyanskyi district, Transcarpathian region) and petrographic analysis of the selected samples of the exotic
metamorphic schist clasts included in the Oligocene debris-flow deposits was performed.

The results of microscopic studies showed that these exotic rocks are represented by mica-quartz schist and garnet-muscovite-
biotite-plagioclase-quartz schist with a low content of chlorite, carbonate and epidote. Mineral composition and structure/texture
features suggest the rocks were metamorphosed under green schist and epidote-amphibolite facies. Similar exotic rock fragments
were identified by Polish scientists in the south-eastern part of the Polish Carpathians in the Silesian Nappe, where possible source
area of the exotic rocks is related to the Bukowiec Paleo-Ridge, which had been located between the Dukla and Silesian basins of
the Carpathian sedimentary realm.

Scientific novelty. For the first time, the petrographic composition and textural and structural features of the exotic schists
fragments included in the Oligocene deposits of the Silesian Nappe in the Ukrainian Carpathians (area of the village of Uzhok,
Ukrainian Carpathians) are described. These schists are similar to the exotic rocks included in the Oligocene deposits of the

Silesian Nappe in the Polish Carpathians, which may indicate the same source area.
Keywords: exotic rocks, metamorphic schists, Silesian Nappe, Ukrainian Carpathians.

Introduction. Exotic rocks (or simply "exotics") are the
remnants of now buried under the Carpathian nappes source
areas. They are a part of the clasts in the Carpathian
sediments. The research of these rocks helps to solve the
problems  of paleogeographic and  paleotectonic
reconstructions, in particular, to outline the ancient submarine
and overwater paleo-uplifts in the Carpathian Basin (so-called
"cordilleras") which could have supplied the exotic debris
(Danysh,1973; Vyalov et al., 1981; Oszczypko, 2006;
Cieszkowski et al., 2009; Golonka, 2011; Golonka et al., 2019;
Gaweda et al., 2019 et al.). In the Ukrainian Carpathians,
some of the most significant components of exotic formations
are fragments of metamorphic schists (Fedushchak, 1962;
Linetska, 1963; Viyalov et al., 1981; Tsar, 2018).

Exotic rocks have been recorded for a long time within
the Silesian Nappe of the Ukrainian Carpathians. They are
best developed in the Uzh river basin near village of Uzhok
(Transcarpathian region), where Oligocene flysch deposits
contain the clasts of the metamorphic schist, quartzite,
marble, bioclastic limestone and other exotic rocks. The
composition and origin of these rocks still remains unclear
(Slaczka, 1961; Danysh, 1973; Gabinet et al., 1976;
Kulchytskyi, 1977; Vyalov et al., 1981, Hnylko, 2000, 2011
et al.). Metamorphic schists can be the products of the
mentioned paleo-uplifts denudation, and their petrographic
analysis combined with a sedimentological study of the
sediments containing exotics help to understand the nature
of these source areas. It is an actual scientific problem.

History of the research. The stratigraphic and geological
position of the layers with exotics in the sediments of the
Silesian Nappe in the Ukrainian Carpathians was presented
by Vacek (78871), Wojcik (1905), Lozyniak and Temnyuk
(1971), Kulchytskyi et al. (1977), Gruzman and Smirnov
(71985), Hnylko (2000) and others. Sedimentological features
of the flysch deposits containing the exotic rock fragments
were described by Slaczka (7967) and Hnylko (2000, 2011).

According to Slaczka (71967), deposits with exotics near
the village of Bukowiec (Poland) form the sedimentary lens
which continue in the Ukrainian Carpathians and are exposed
near the village of Uzhok. The researcher believes that the
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exotic rocks from these areas are similar and could have been
deposited due to the activity of submarine gravitational
landslides. Danysh (7973) also compares the exotic-bearing
sediments located near the village of Uzhok with the similar
sediments developed near the village of Bukowiec. According
to Danysh, the presence of exotic rocks should be related to
denudation of the ancient Fore-Dukla island ridge.

The purpose of the study is to petrographically analyze
the metamorphic schists that make up the clasts in the
Oligocene deposits developed in the south-western part of
the Ukrainian Carpathians in the Silesian Nappe and to
reconstruct their possible source area.

Methods.  Petrographic,  sedimentological  and
comparative-geological methods are used in the work. We
performed a petrographic analysis of the representative
samples of metamorphic schists selected from the clasts
distributed in the Oligocene deposits exposed along the
Little Polonynka Stream — the first right tributary of the
Hysnyi Stream flowing into the Uzh River near the village of
Uzhok (Velykobereznyanskyi district, Transcarpathian
region). The sedimentological features of these exotic-
bearing deposits were studied during field work in 2018—
2019. The obtained results were compared with the
published results of the study of the exotic rocks distributed
in the Polish Carpathians (Slaczka, 1961; Slaczka, Wieser,
1962; Mochnacka, Tokarski, 1972; Tokarski, 1975; Bak et
al.,2001; Ziemianin, Wolska, 2014 et al.).

Geological setting. The study area is located in the
southwestern part of the Ukrainian Carpathians in the
Silesian Nappe (see Fig. 1,A). The Oligocene deposits
developed here are represented by the Krosno Formation
(Kuzovenko, 2003 et al.) — the various bedded gray flysch
represented mainly by turbidites. Clasts of the metamorphic
schists and other exotic rocks are included into the debris-
flow deposits which form the lens-shaped sedimentary layer
with a thickness up to 40—-60 m developed locally near the
village of Uzhok among the Krosno turbidites. Exotic clasts
are chaotically scattered among the clay-sand matrix. This
chaotic layer was attributed to the Uzhok Olistostrome
accumulated by series of the debris flows (Hnylko et al., 2021).

© Tsar M., 2022
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Fig. 1. A — tectonic scheme of the Ukrainian Carpathians according to (Hnylko, 2012, 2016)
with the designation of the study area; B — localization of outcrops with fragments of exotic rocks in the Silesian Nappe
of the Polish Carpathians on the tectonic scheme according to (Bak etc., 2001)

Similar deposits occur in the Silesian Unit (Nappe) of the
Polish Carpathians (see Fig. 1,B) (Wojcik, 1905, Slaczka,
1961; Slaczka, Wieser, 1962; Mochnacka, Tokarski, 1972).

Results. Fragments of exotic metamorphic schists found
along the Little Polonynka Streem (the right tributary of the
Hysnyi Stream near the village of Uzhok) differ in size,
rounding and composition (see Fig. 2). Most schist clasts
are sub-angular, partly rounded, and somewhere angular
ones with the corners sharp. Well-rounded clasts were rarely
found. The color of the studied rocks is brown-gray and gray-
green. The size is up to 25 cm.

Exotic clasts are included into the matrix represented by
gray, dark gray, weakly cemented clay and clay-sandy
deposits. The chaotic distribution of the exotic clasts in the
matrix, lack of sorting and matrix-supported textures suggest
the accumulation of the exotic-bearing deposits by the debris
flows as it had been proposed previously by Hnylko (2000).

Fragments of metamorphic rocks were weathered and
altered. We microscopically describe only two relatively
unalternated samples of metamorphic rocks. Macroscopically,
these rocks look like metamorphic crystalline schists and
gneiss-like crystalline schist with garnet (see Fig. 2, 3 A, B).

Microscopically in the thin sections, the most
representative metamorphic rock samples are identified as
mica-quartz schist and garnet-muscovite-biotite-
plagioclase-quartz schist with a small content of chlorite,
carbonate and epidote (see Fig. 3, A-F).

Mica-quartz schist is characterized by a green-gray
color with a brown shade. It has a schistose foliated texture.
The structure is generally lepidoblastic.

The mineral composition of the rock is represented by
quartz, mica minerals (biotite, sericite, muscovite) and
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calcite. Recrystallization blasts of quartz represented by
clusters of several grains/subgrains are clearly visible.
Quartz blasts show characteristic undulatory extinction,
which suggests deformation of their structure. (Fig. 3, C, E).
Biotite was recorded in small quantities. The sample has
aggregate formations of pelitomorphic-fine-crystalline
calcite, as well as its branched veins up to 1 — 1.5 mm thick.

Most crystal grains are of the size not more than
0.05mm and less common up to 0.1 mm. There are
dissolution structures at the grain contacts (including
microstylolites) which suggest increased pressure during
the metamorphic processes.

Shistose texture is visible macroscopically as well as
observed in optical microscopic study due to the developed
mica-dominated and quartz-dominated irregular thin layers
with the parallel arrangement of the micaceous minerals
(Fig. 3, A-E). Such mineral orientation is developed as a
result of the metamorphism under directed pressure.
Presence of the mica-dominated and quartz-dominated
layers suggests that a metamorphic change has taken place
in terms of mineral distribution (see Fossen, 2016).

Mineral composition and structure/texture features
suggest that mica-quartz schist had been metamorphosed
in conditions of green schist facies under directed pressure.

Another sample represents porphyroblastic garnet-
muscovite-biotite-plagioclase-quartz schist with a rare
presence of chlorite, carbonate and epidote. The color of the
shist is dark gray with a brownish shade.

The schistose foliated texture is visible macroscopically.
The general porphyroblastic structure is caused by the
garnet grain (up to 1-3 mm) included in the uniform small-
medium-crystalline mass (see Fig. 3, D, F).
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Fig. 3. Macro- and microphotographs of the exotic

e
Fig. 2. Fragments of exotic metamorphic schists found in the sediments of the Krosno Formation exposed along

the right tributary of the Hysnyi Stream (Silesian Nappe of the Ukrainian Carpathians).
A, B — mica-quartz schists; C — gneiss-like garnet-muscovite-biotite-plagioclase-quartz schists

% E : -
¥ < » A 0,5 mm 0.8 mm

metamorphic schist filling the clasts in the Oligocene deposits of the Silesian
Nappe (Ukrainian Carpathians, right tributary of the Hysnyi Stream flowing into the Uzh River, village of Uzhok).

A, C, E — mica-quartz schist. Nicole X; B, D, F — garnet-muscovite-biotite-plagioclase-quartz schist. D — Nicole Il. F — Nicole X
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The foliation and mineral orientated texture is not visible
in optical microscopic study.

The main association of rock-forming minerals is the light
mica (muscovite), quartz, biotite, garnet and albite. Planar
minerals are represented by the ferrous biotite chloritized
partly and muscovite with greenish shade and weak
pseudoabsorption.

Clear features indicating deformation are not found in the
rock. Mica is mostly not deformed and not split into individual
fragments quartz does not show cracking and undulatory
extinction.

The association of the main rock-forming minerals, in
particular, the presence of garnet, may indicate that the rock
was metamorphosed under conditions of higher greenschist
facies up to the epidote-amphibolite facies.

The described crystalline schists are similar to exotic
rocks found within the Silesian Nappe in the Polish
Carpathians. For comparison, the published data of Polish
scientists on exotic metamorphic rocks studied in the vicinity
of Baligrod, Ustrzyki Gorne, Bukowiec and Wetlina (Polish
Outer Carpathians) are taken (see the table).

Table

Comparative table of the exotic metamorphic rock fragments in the deposits of the Silesian Nappe

of the stratum
containing the
exotic rocks

Baligrod, Roztoki Dolne Wetlina Ustrzyki Gorne
(Poland) (the Bieszczady (Poland) Bukowiec (Poland) .
Location (according to Slaczka, Mts, Poland) (according to (according to Uzizg\l:lrfL(le;::;ne)
1961; Slaczka, (according to Mochnacka, Tokarski, Slaczka, 1961)
Wieser, 1962) Bak et al. ,2001) 1972)
The age Oligocene Oligocene Oligocene Oligocene Oligocene

phyllites, albites,
amphibolites and
quartzites

crystalline schist
(quartz-chlorite-
muscovite-orthoclase
schist with tourmaline
and garnet)

The composition
of metamorphic
exotics

chlorite-muscovite
schists with garnet

dark green mica
schists, rarely gray
and white marbles
and quartzites

schists, gneiss-like
schists with garnet,
gravelites, quartzites,
marbles, quartz
pebbles

unstratified gray
calcareous siltstones

light and dark gray
clay partly sandy
calcareous
sediments

The composition
of the matrix

gray and dark gray
clay-sand sediments

paleoislands between the
Dukla and Silesian
subbasins, which were
probably a north-western

Paleo-uplift between
the Dukla and
Probable Silesian subbasins

source area

continuation of the

Continuation of the
Marmarosh Massif

north-western Bukowiec Ridge,
which supplied
material for the part

of the Silesian Basin

Marmarosh Massif
between the Dukla

metamorphism in the types of
Tvoe of conditions of epidote- metamorphism:
ypP amphibolite facies and progressive,

metamorphism .
P medium-level and

retrogressive, low-
level

regressive metamorphism
associated with tectonic
activity

conditions of
greenschist facies

continuation of the and Silesian (S’chzka, Golonka,
Marmarosh Massif subbasins 2006)
Progressive a products of two metamorphosed under | products of regional | metamorphosed

in the conditions of
greenschist facies and
epidote-amphibolite
facies

metamorphism

Exotic crystalline schists (quartz — chlorite — muscovite —
orthoclase schist with tourmaline and garnet) were identified
near the village of Wetlina (Bieszczady Mountains) among
Oligocene flysch deposits.

Petrographic analysis of these rocks showed that they
are the product of two types of metamorphism: progressive,
medium-level and retrogressive, low-level (Bak et al., 2001).

Also, a fragment of chlorite-muscovite schist with garnet
was found in the Krosno deposits near the village of Ustrzyki
Gorne. This exotic schist was formed as a result of regional
metamorphism, probably of the greenschist facies of the
quartz-albite-epidote-almandine  subfacies (Mochnacka,
Tokarski, 1972).

Exotic rocks in the Baligrod area were studied in detail
by Slaczka and Wieser (Slaczka, Wieser, 1962). There, the
exotic fragments in Oligocene sediments are represented by
metamorphic schists, quartzites, marbles, and amphibolites
(Slaczka, 1961). Microscopic studies have shown that
crystalline exotics of this region can be classified as
phyllites, albites and amphibolites. These rocks are the
products of regional metamorphism of mainly pelitic
sedimentary rocks (Slaczka, Wieser, 1962).

Similar exotic rocks were also found in the area of the
vilage Bukowiec (Slaczka, 1961), where clasts of
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metamorphic rocks, rarely gray-white marbles and
limestones are among the Oligocene Krosno deposits.
Fragments of metamorphic rocks are represented by
"green-gray phyllites, albite-calcite gneiss phyllites, garnet
phyllites, epidote-albite amphibolites, quartzites and whitish
marbles" (Slgczka, Golonka, 2006). Slaczka and Golonka
(2006) suggest that the source area for the exotic fragments
was the Bukowiec Ridge located between the Dukla and the
Silesian sedimentary basins. Bukowiec Ridge supplied
exotics during Late Cretaceous — Oligocene time. These
authors believed that the Bukowiec Ridge was composed of
metamorphic rocks with a sedimentary cover.

You can see that the exotic metamorphic rocks filling the
clasts in the Oligocene sediments of the Silesian Nappe of
both the Polish and Ukrainian Carpathians are generally
similar to each other in composition, textural and structural
features and the metamorphic conditions. It suggests the
single sourse area for these exotics.

Conclusions. In the south-western part of the Ukrainian
Carpathians, the Oligocene flysch-type mainly turbidite
deposits (Krosno Formation) of the Silesian Nappe contain
a stratum (40-60 m in thick) of the debris-flow exotics-
bearing deposits located near the village of Uzhok
(Transcarpathian region). The debris-flow deposits are
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composed of clay-sandy matrix and clasts of the exotic rocks
including metamorphic schists, quartzites, marbles,
bioclastic limestones.

Petrographic study showed that the most representative
samples of the metamorphic schists of this stratum are:
1) mica-quartz schist and 2) garnet-muscovite-biotite-
plagioclase-quartz schist.

The first sample (mica-quartz schist) is characterized by
a schistose foliated texture and generally lepidoblastic
structure. The main minerals are quartz, biotite, sericite,
muscovite and calcite. Quartz blasts show characteristic
undulatory extinction, which suggests deformation of their
structure. Presence of the parallel arrangement of the
micaceous minerals as well as the mica-dominated and
quartz-dominated layers suggests that a metamorphic
change and mineral distribution has taken place under
directed pressure.

The second sample (garnet-muscovite-biotite-plagioclase-
quartz schist) is characterized by a schistose foliated texture
and porphyroblastic structure caused by the garnet grain. The
main association of rock-forming minerals is light mica
(muscovite), quartz, biotite, garnet, and albite. Clear features
indicating deformation are not found in the rock.

Mineral composition and structure/texture features
suggest the green schist metamorphic facies for the rocks of
the first sample and the epidote-amphibolite facies for the
ones of the second sample.

The results of the petrographic analysis of the exotic
metamorphic rocks from the clasts included in the Krosno
Formation of the Silesian Nappe both in the Ukrainian
Carpathians (near village of Uzhok) and in the Polish
Carpathians (Baligrod, Ustrzyki Gorne, Bukowiec and Wetlina)
suggest that these rocks have the single sourse area.

We believe following Slaczka and Golonka (2006) that the
source area for the exotic fragments was the Bukowiec Ridge
located between the Dukla and the Silesian sedimentary
basins. This paleo-ridge was likely to by a source of the exotic
schists for the Oligocens sediment not only of the Polish
Carpathians, but also of the Ukrainian Carpathians.

Prospects for further research are related to the
reconstruction of the geological position, petrographic
analysis and determining the absolute age of the
metamorphic exotic rocks in the Ukrainian Carpathians. It is
also necessary to continue the comparison of similar exotic
fragments in the deposits of the Polish, Slovak and
Romanian Carpathians. Comprehensive research will help
to understand certain problems of paleogeographic and
paleotectonic reconstructions of this region and contribute to
the forecasting of deep buried mineral deposits.
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YNAMKU EK30TUYHUX METAMOP®IYHUX CITAHLIIB B ONIrOLIEHOBUX BIAKITAOAX CINE3bKOI'O NMNOKPUBY
(YKPAIHCbKI KAPMNATW)

Memoro docnidxeHHs € aHani3 nempozpaghiyHo20 cknady ynamkie ek30muyHuUx MemamopghiyHux craHyie e onizoyeHosux eidknadax nie0eHHo-
3axioHoi YacmuHu Cine3bko20 nokpuey YkpaiHcbkux Kapnam ma pekoHcmpykuyisi ix Moxnueoao dxepesa xuesneHHsi. Memodonoezisi eknoyae nem-
pozpadgpiyHuli, ceQuMeHmMoso2iyHuUli ma nopieHsIIbHO-2e0s102iYHuUll Memoou.

HAns docsieHeHHs1 yiei Memu npoeedeHo nonboei docnidxeHHs 8 palioHi nepwoi npaeoi npumoku nomoky I'ycHuli (c. Yok, Benuko6epe3HsHCh-
Kul p-H, 3akapnamcbka 0671.) i uKOHaHO nempozpaghiyHuUli aHani3 eidi6paHux 3pa3Kie eKk3omu4yHUX MemamopgiyHux cnaHyie, siki exod0smb Ao
cknady onizoyeHosux ynamkosux eidknadie.

Pesynbmamu mikpockonidHux AocnideHb rokasasnu, w0 eKk3omu4Hi nopodu npedcmassieHi c/1od0uUcmo-Keapyo8uUM crlaHyeM i epaHam-my-
ckoeim-6iomum-nnazioknas-keapyoeum craHyeM 3 He3Ha4YHUM emicmom xsopumy, kap6oHamy ma enidomy. MinepanbHuli cknad ma oco6nueocmi
cmpykmypu/mekcmypu 00380J1s5iomb npunycmumu, wo yi 2ipcbKi nopodu memamopghizosaHi 8 ymoeax 3esnieHocnaHyeeoi ma enidom-amepi6osnimo-
eoi ¢payiti. [Modi6Hi ek3omu4Hi ynamku nopio 6ynu 3aghikcoeaHi MosIbCbLKUMU 8 4eHUMU 8 nie0eHHO-cXiOHil YacmuHi Cine3bko2o nokpuey lMonbcbKux
Kapnam, Oe ixHe moxnuee dxepesio xusesieHHs1 noe'sa3yroms i3 naneoxpebmom bykoseys, sikuli 6ye posmawosaHul mix yknsaHcekum ma Cinesb-
Kum 6aceliHamu Kapnamcbko2o0 ceOumeHmMauyiliHo2o pezioHy.

Haykoea Hosu3Ha. Bnepwe onucaHo nempoeapadi4Huli cknad i mekcmypHo-cmpyKmypHi ocobnueocmi ynamkie eK30mu4HuUx craHyie, ujo exo-
dssmb Ao cknady onizoyeHoeux eidknadie Cine3bko20 nokpuey YkpaiHcbkux Kapnam (paiioH c. Yok, YkpaiHcbki Kapnamu). 3po6rieHo eucHO80k
npo cxoxicmb Yux nNopid 3 ek3omuyHUMU nopodamu, siki 8Kt0YeHi 8 onieoyeHoei eidknadu Cine3bkozo nokpuesy lMonbcbkux Kapnam, wjo moxe
ceidyumu npo eduHe O)Kepesio XKUBJITEHHS.

Knroyoei cnoea: eksomuyHi nopodu, memamopgpiuHi cnaHyi, Cinesbkuli nokpue, YkpaiHcbki Kapnamu.
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