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Abstract: The paper provides an overview of the main Alpine and earlier Hercynian (Variscan) tectonic units,
as well as superimposed Cenozoic “post-nappe stacking” formations. Simplified localization maps of mentioned
tectonic units, lithostratigraphic tables with emphasis on typical lithostratigraphic members and models of the
assumed paleogeographical positions are included. References have been selected with an intention to provide
more detailed information on a particular issue, resp. tectonic unit. Paper follows dual division of principal tecto-
nic zones into the External (EWECA) and Internal Western Carpathians (IWECA), which reflects different rock
composition as well as different time and mechanisms of their structuralization.

Key words: Western Carpathians, tectonics, lithostratigraphy, thrust belt

JrERNAL WESTERN Caggy,
/4,

FLYSCHBELT

KLIPPEN

B

ZEMPLINICUM

Graphical abstract

Nitra s
PP‘“\P“
rerN %

Bratislava
NEOGENE
SEDIMENTS

INTERNAL WES

BUDA PALEOGENE BASIN SEDIMENTS

Introduction

Information about the geology of Slovakia was
published by wvarious authors (e.g. Andrusov, 1968;
Mahel’ & Buday, 1968; Mahel’, 1974, 1986; Misik, 1997a;
Plasienka et al., 1997; Kovac et al., 2003; Janocko et al.,
2006; McCann, 2008; Bezak et al., 2011; Plasienka, 2018).
Existing geological maps (Biely et al., 1996a, b; Lexa et
al., 2000; Bezak et al., 2004, 2008, 2009; Geologicka
mapa Slovenska 1 : 50 000, 2013) mostly lack the relevant
description of the geological structure of Slovak territory.
This contribution provides concise information about
tectonics and lithostratigraphy of the principal Alpine
tectonic units of Slovakia in a comprehensible form to
a foreign reader.

31

e Dual division into External (EWECA) and Internal
Western Carpatians (IWECA) is followed after ear-
lier works

» The main Alpine tectonic units in Slovakia are descri-
bed in the order: EWECA - Outer Group of Nappes
(Krosno and Magura nappe systems and Oravicum),
IWECA - Lower Group of Nappes (Vahicum and Tat-
ricum), Middle Group of Nappes (Veporicum, Fatri-
cum and Hronicum), Upper Group of Nappes (Ge-
mericum, Turnaicum, Meliaticum and Silicicum), as
well as the Zemplinicum with an exceptional status.

Highlights

» The Upper Cretaceous—Cenozoic sequences are un-
conformably and transgressively overlying the nappe
structures.

Principal tectonic units of the Western Carpathians —
former division based on tectonic belts

The territory of Slovakia is formed by the Western
Carpathians. Only southern regions of Slovakia represent
a part of the Pannonian Basin system, which extends here
from the area of Hungary. The present day geological
structure of the W. Carpathians is generally a result of the
Alpine orogenic stage, having preserved also remnants of
earlier Hercynian (Variscan) evolution.

A tectonic unit is here considered as the three-dimen-
sional rock body with defined borders, its own (unique)
lithostratigraphic, metamorphic and structural content and
defined tectonic evolution (Fig. 1). Since the second half
of 20™ century (Andrusov, 1973), the suffix -icum is used
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Fig. 1. Position of principal Alpine tectonic units and post-nappe formations in the territory of Slovakia (based on Hok et al., 2014).

for the names of the Western Carpathian Alpine tectonic  in relics, which either were not reworked by the Alpine
units. deformation, or the degree of their Alpine overprint still

Tectonic units in the frame of the W. Carpathians are  allows to decipher older tectonic events. The Hercynian
arranged in imbricated structures one above the other,  structural arrangement suggests the displacement of rock
generally thrust from the south to the north (i.e. having  complexes generally from the north to south (or NNW to
northern vergency; Fig. 2). The reason is that the Alpine  SSE; i.e. south-vergent). It means that Hercynian orogeny
orogenetic processes produced the horizontal crustal — had generally opposite vergency than that of Alpine one
shortening and closed existing sedimentary basins. From  (Bezak, 1994; Jacko et al., 1997; Németh, 2002). The main
the view of recent W. Carpathians it started in the southern  lithotectonic units of the Hercynian (Variscan) tectonic
- internal regions and proceeded generally to northern —  setting were formed due to the Meso-Hercynian lithospheric
external zones of W. Carpathian belt (Plasienka, 2018). collision, which was accompanied with a thickening of the

According to timing and deformation mechanisms,  crust (380-340 Ma) and intrusion of granitic rocks. Later
the orogenic zone of W. Carpathians is divided into Ex-  inthe Neo-Hercynian stage (340—260 Ma) the compression
ternal Western Carpathians (EWECA), containing the =~ was replaced by the extension (probably a post-orogenic
Neo-Alpine (Miocene) nappes and the Internal Western  relaxation), representing the second period of intrusions
Carpathians IWECA) with Paleo-Alpine (Cretaceous)  of granitic bodies (Broska et al., 2013; Uher et al., 2014).
nappe stacking (Fig. 2). The boundary between them is  The oldest tectonic events, which for now can be reliably
represented by the Klippen Belt zone (Oravicum). attributed to the Hercynian orogeny, took place during

In the Alpine structure of the W. Carpathians, products ~ the Early Carboniferous (Mississippian; 360-330 Ma).
ofthe Hercynian (Variscan) orogenic phase are preserved ~ On the contrary, the sediments of Late Carboniferous
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Fig. 2. Schematic cross-section showing the main tectonic units of the Western Carpathians in the territory of Slovakia with marked
emplacement timing of particular group of nappes and the age of their tectonic individualization (based on Hok et al., 2014).

age (Pennsylvanian) represent the termination of the The Flysch Belt of EWECA represents massive accre-
Hercynian orogeny in the territory of W. Carpathians.  tionary wedge, a nappe stack composed of the Cretaceous
The degree of metamorphic transformation during the  and mainly the Paleogene formations in typical “flysch”
Hercynian orogeny can be generally considered to be  development, with alternating clayey shales and sand-
higher (amphibolite-granulite facies) than during the  stones, deposited in the deep-water environment by the
Alpine tectono-metamorphic processes. gravity flows, mostly of the turbidity currents.

The Alpine nappe emplacement in the external zones The Pieniny Klippen Belt (or the Klippen Belt, Oravi-
of the W. Carpathians (EWECA) culminated during the = cum) represents a narrow and intensively deformed belt.
Neo-Alpine phase in Neogene, resp. the Miocene. The =~ Name “Klippen Belt” is derived from their characteris-
EWECA include the Flysch Belt, consisting of the Kros-  tic morphotectonic features — the steep cliffs — so-called
no and Magura nappe systems (displaced Cretaceous and  klippen, towering above the surrounding soft relief. The

Paleogene sediments) as well as the independent Oravic ~ “klippen” are composed of Jurassic and Early Cretaceous

(or Klippen Belt) tectonic units, built of Mesozoic sedi-  limestones that are more resistant to erosion than the sur-

ments (Fig. 3). rounding Upper Cretaceous and Paleogene marlstones and
The Carpathian foredeep is situated outside the ter-  clayey sediments.

ritory of Slovakia (Fig. 3). It consists of autochthonous The principal Paleo-Alpine tectonic units, internally

predominantly sandy and clayey sediments of the Neo-  (i.e. south) of the tectonic unit of Oravicum, are as follows:

gene age, lying on their original basement - the European ~ the Vahicum, Tatricum, Fatricum, Veporicum, Hronicum,
Platform (in their northern part) and Bohemian Massif =~ Gemericum, Boérka Nappe, Meliaticum, Turnaicum and

(northwestern part). Assignment of the external Carpathi-  Silicicum. These tectonic units, forming IWECA, are tra-
an foredeep sediments into the W. Carpathian structure is  ditionally arranged in the higher order zones termed as
disputable, because they represent autochthonous sedi-  “belts” (the Core mountains Belt, Vepor Belt and Gemer
mentary cover of neighbouring basement units. Belt, Fig. 3).
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Fig. 3. Division of the Western Carpathians into separate sub-zones and belts (modified after Hok et al., 2001).

The Core mountains Belt represents northernmost
and the most external tectonic unit of IWECA (Fig. 3).
This belt is separated from the south located Vepor Belt by
the Certovica thrust on its southern (internal) margin. The
Certovica thrust is a product of Lower Cretaceous thrusting
of Veporicum on Tatricum. The term Core mountains
(originally Uhlig’s (1903) Kerngebirge) is derived from
the typical morphotectonic phenomenon, where the
central part of the mountain range (core) is formed by
the crystalline basement rocks (granites and crystalline
schists) and these are overlain by the Late Paleozoic and
mainly the Mesozoic sedimentary (cover) sequences, and
often also directly by the Cenozoic sediments (e.g. in the
Malé Karpaty Mts.). Besides Tatricum, tectonic units of
the Vahicum, Fatricum and Hronicum are involved in
the geological structure of the Core mountains. The Core
mountains belt encompasses the Malé¢ Karpaty Mts.,
Povazsky Inovec Mts., Ziar Mts., Strazovské vrchy Mts.,
Mala Fatra Mts., Velka Fatra Mts., Tatry Mts., western
part of the Nizke Tatry Mts. (so-called Dumbierske Tatry
Mts.) and the western part of the Tribe¢ Mts. (so-called
Zobor part; Mazir & Luknis, 1986).

The largest part of the Vepor Belt is represented by
the tectonic unit of Veporicum. Similarly as Tatricum,
also the Veporicum is composed of Early Paleozoic
crystalline basement and Late Paleozoic—-Mesozoic
sedimentary cover. Besides the Veporicum, other tectonic
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units participating in the structure of the Vepor Belt are
represented by the Hronicum and Silicicum. The Vepor
Belt is separated by the Certovica thrust from the belt of
Core mountains, located northwest, and the Margecany-
Lubenik thrust divides it from the Gemer Belt, thrust
above the Vepor Belt from the south (Fig. 3).

The Vepor Belt covers large areas of Central Slova-
kia (Fig. 5) - generally the Veporské vrchy Mts., Stolické
vrchy Mts. and the Reviicka vrchovina Highland, eastern
part of the Nizke Tatry Mts. (so-called Kral'ovoholské Ta-
try), northeastern part of the Tribe¢ Mts. (so-called Razdiel
Part), Kozie chrbty Mts., Branisko and Cierna hora Mts.
Apart from the aforementioned regions, the Vepor Belt, or
the Veporicum, crops out from below the Neogene vol-
canites (traditionally named neovolcanites) in the form
of so-called “islands” or horsts. The largest horsts are the
Sklené Teplice Horst between the towns of Sklené Tep-
lice and Vyhne, the PlieSovce Horst exposed directly in
the PlieSovce and the Lieskovec Horst east of the Zvolen
town.

The Gemer Belt represents the most internal and struc-
turally highest belt in the Alpine nappe structure of the W.
Carpathians (Fig. 3). It is located in the Volovské vrchy
Mts. and the Slovensky kras Mts. and includes tectonic
units of Gemericum, Boérka Nappe, Meliaticum, Turnai-
cum and Silicicum.
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New tectonic division of the Western Carpathians —
combination of tectonic belts and groups of nappes

It is obvious that division of W. Carpathians to External
(EWECA) and Internal (IWECA) does not encounter
any contradiction, because the tectonic individualization
of External W. Carpathians (EWECA) took place
during the Neo-Alpine phase in Neogene, i.c. later
than that of IWECA (Paleo-Alpine phase; Cretaceous).
EWECA includes Krosno and Magura nappe system and
Oravicum. These units are built of Mesozoic to Paleogene
sediments, and particularly the Krosno and Magura nappe
systems are represented by the “flysch” character deep-
water sediments deposited by the gravity flows (turbidity
currents). Aforementioned units represent the Quter
group of nappes, which is present only in External W.
Carpathians (EWECA) (Fig. 2).

The situation is however more complex internally
(south) of the Klippen Belt (Oravicum), where the
individualization of IWECA took place earlier - in
Cretaceous. The vertical division, however, raises
the question how to lead the boundary between the
particular belts in a way not split the same tectonic unit
being encompassed in several belts (cf. Andrusov et al.,
1973; Mabhel, 1983; Misik et al., 1985; Plasienka, 1999).
The tectonic division based on tectonic stacking of the
main elements of the nappe structure, being separated
(individualized) at different times on subhorizontal
(usually overthrust) contacts, allows to allocate four main
groups of nappes (Outer, Lower, Middle and Upper) with
different mutual structural superposition and the age of
tectonic individualization (Hok et al., 2014; Fig. 1). The
subhorizontal division in this case is dominating over the
vertical division into belts.

The Lower group of nappes of Internal W. Car-
pathians (IWECA) is represented by the tectonic unit of
Tatricum, composed of crystalline basement rocks and
Late Paleozoic/Mesozoic sedimentary cover, as well as
tectonic unit of Vahicum. The Lower group of nappes was
structuralized in the late Cretaceous to Paleogene (Figs. 1
and 2).

The Tatricum is generally regarded as the lowermost
and sub-autochthonous unit of the IWECA. In tectonic
superposition above Tatricum there are present several
allochthonous tectonic units: the lower unit, or nappe, is
called Fatricum, the structurally higher unit is represented
by Hronicum. Both tectonic units, Fatricum and Hroni-
cum are ranging here from to the Middle group of nappes,
where they belong together with Veporicum.

The Vahicum is hypothetical tectonic and paleogeo-
graphic unit (Mahel’, 1981). The Belice Unit (Plasienka
et al., 1994) in the Povazsky Inovec Mts. was considered
as the main representative of the Vahicum in the present
surface occurrences. Structural position of the Belice Unit
is, however, in contradiction with previous interpretations
(Pelech et al., 2016).
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The IWECA Middle group of nappes was
structuralized during the Late Cretaceous (Cenomanian—

Campanian) and is formed by the tectonic units of
Veporicum, Fatricum and Hronicum.

The Veporicum is predominantly composed of crys-
talline basement (granitoids, gneisses and mica schists).
Based on lithostratigraphy of autochthonous Late Paleo-
zoic and Mesozoic sediments, the Veporicum is divided
into Northern and Southern Veporicum, separated by the
Pohorela thrust (Fig. 2).

The Fatricum is a tectonic unit of nappe character,
transferred from the former position on the contact of
the present Veporicum and Tatricum. Synonymously
it is often referred as the KriZzna Nappe. It occurs in
allochthonous position in the Core mountains Belt and
overlies the Tatricum. Stratigraphic range is very variable,
especially in lower members. It is a result of closing of
its former sedimentary basin and related decollement with
movement of the Fatricum thrust sheet on its stratigraphic
members with suitable rheology. Sedimentary sequence
usually terminates with the earliest Upper Cretaceous
(Cenomanian) “flysch”-like sediments (Poruba Fm.).

The Hronicum represents, similarly as the Fatricum,
a stack of partial nappe bodies structuralized during Late
Cretaceous from the facially subdivided sedimentary
basin. Synonymously it is designated as the Cho¢ Nappe.
It occurs in the Core mountains Belt as well as in the Vepor
Belt and overlies the Fatricum and Veporicum. Unlike
the Fatricum, the original root area of the nappe is not
known, although it is evident that it comes from southerly
(more internal) paleogeographic zones than the Fatricum.
The Hronicum sedimentary basin was formerly assumed
between the Vepor Belt and Gemer Belt. Stratigraphic
range of Hronicum is from Carboniferous to the Early
Cretaceous. The complete sedimentary sequence is
however nowhere preserved. The most typical sequences
of Hronicum are composed mainly of Triassic carbonates
(limestones and dolomites). Carboniferous and Permian
volcanites and sediments represent very characteristic
lithostratigraphic members of Hronicum, forming thick
rock sequence of the Ipoltica Group.

The IWECA Upper group of nappes is located
southernmost or most internal, representing tectonically
the highest group of nappes of IWECA. It is composed
of Paleozoic rock sequences of Gemericum and mostly
Mesozoic complexes of the Borka Nappe, Meliaticum,
Turnaicum and Silicicum as the Early Cretaceous nappe
structures (Fig. 2).

The Gemericum is exposed in a largescale anticlinal
dome — anticlinorium, which forms the region of Volovské
vrchy Mts. (the Spissko-gemerské rudohorie Mts., resp.
Spis-Gemer Ore Mts.). It substantially differs from the
other basic W. Carpathian tectonic units by different rock
composition, age and metamorphism. Unlike the Tatricum
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and Veporicum it is composed mainly of the low-grade
metamorphic rocks with dominating Paleozoic age — the
Early Paleozoic basement and its mostly Late Paleozoic
sedimentary cover.

The Borka Nappe contains rock sequences of Per-
mian to Middle Jurassic age. They are characterized by
higher-grade metamorphic overprint, reaching in Meso-
zoic members the subduction related high-pressure and
low-temperature (HP-LT) blueschists facies. The paral-
lelization of the protolith of metamorphites with the cover
sequences of southern Gemericum indicates that they are
most probably derived from the zone between the Gemeri-
cum and Meliaticum (e.g. Németh, 1996, Fig. 4 ibid.).

The Meliaticum is a tectonic unit of nappe character,
known in present day surface only in relics, cropping out
from below the nappes of Turnaicum and Silicicum (Fig.
2). It represents a tectonic melange of Triassic carbonates,
radiolarites and volcanites, occurring as blocks in the dark
and black Jurassic shales and radiolarites. Sedimentary
sequences indicate that it represents former zone of oceanic
character. During the convergence, the Borka Nappe rocks
were subducted and exhumed. Subduction of oceanic
crust and the gradual closure of the Meliaticum basin
caused the displacement of rock complexes originally
deposited at the southern margin of this basin (in today’s
geographical coordinates) and forming the tectonic units of
Turnaicum and Silicicum. Decollement and emplacement
of the Meliaticum, Turnaicum and Silicicum nappe units
represent the beginning of the shortening of the Internal W.
Carpathians. Related thrusting and nappe displacements
maintained its polarity from the south (internal areas) to

the north since Early Cretaceous (in Gemer Belt) to the
Late Cretaceous (in the Core mountains Belt).

The Turnaicum represents another nappe unit, cropping
out from below the Silicicum (Fig. 2) and occurring in the
southern part of the Gemer Belt, mainly in the Slovensky
kras Karst plateau. Its Late Carboniferous to Late Triassic
rock sequence bears characteristic metamorphic overprint.
It differs from the Silicicum by the occurrence of the
Triassic pelagic carbonate facies, by this way forming the
transitional member between Meliaticum and Silicicum
during the basin evolution.

The Silicicum, often referred as the Silica nappe,
is structurally the highest tectonic unit of the IWECA
Alpine nappe structure. It occurs as a relatively flat
lying nappe body in the region of Slovensky kras Mts.,
Slovensky raj Mts., Galmus Mts. and Muranska planina
Mts. (Fig. 2). The sedimentary sequence of the Silicicum
ranges from the latest Permian—Early Triassic to the Late
Jurassic (Callovian to Oxfordian). A substantial part of
the Silicicum is built by the Middle and Upper Triassic
shallow water limestones (e.g. Wetterstein limestones),
often containing abundant fossil remains.

Description of the principal tectonic units

The External Western Carpathians (EWECA) en-
compass the Flysch Belt and Klippen Belt (Fig. 4). The

sediments of the Carpathian Foredeep represent au-
tochthonous Miocene—Pliocene sedimentary cover of the
European Platform as well as Bohemian massif and are
generally situated below the Krosno nappe system. Re-
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garding its position, the Carpathian foredeep should not to
be assigned to the Carpathian system.

Flysch Belt — Krosno and Magura nappe system

EWECA are mostly formed by the Cretaceous to
Paleogene deep-sea “flysch” deposits. Original flysch
basins were bordered by continental crust ridges, which
provided a clastic material to the basins. The Flysch Belt
is one of the few zones being continuous across the whole
Carpathian arc.

EWECA represents a system of rootless nappes am-
putated from their former basement and transported to the
foreland represented by the European platform and the
sediments of Carpathian foredeep.

Flysch Belt consists of several nappe systems arranged
in imbricated style - the internal units are thrust over the
external ones. Mostly the Magura nappe system occurs
in Slovakia, and represents the southernmost part of the
Flysch Belt. The underlying Krosno nappe system includes
the Dukla, Silesian, Skole and other smaller nappes (see
Fig. 4). The lithostratigraphic units within nappe systems
are shown in Fig. 5. The Krosno nappe system is generally
characterized by variegated claystones, the Magura nappe
system by prevailing sandstones.

The sedimentary basins were situated in the area
between the IWECA block and the European Platform.
Similarly, as the area of the Carpathian foredeep, also the
Magura Basin was connected to the west with the flysch
foreland of the Eastern Alps (Rhenodanubian Flysch)
and similarly to the north and east to the flysch nappes in
present Poland and Ukraine (in the Eastern Carpathians).
The oldest preserved EWECA sediments are represented
by the Upper Jurassic limestones, marls and carbonate
flysch. However, it can be assumed that the formation
of future Flysch Belt basins is related to the regional
extension period in the area of the W. Carpathians, which
took place in the Middle Jurassic (Plasienka, 2018). The
former sedimentary area of the EWECA was gradually
closed since the end of middle Eocene (the Biele Karpaty
Unit) up to the early Miocene (the Krosno nappe system).
The youngest sediments are represented by the locally
preserved Miocene deposits (Karpatian).

Marginal nappe system

The outermost (most external) EWECA unit is
Pouzdiany-Zdéanice-Waschberg Nappe, not reaching the
territory of Slovakia (Fig. 4) and representing the
allochthonous body (nappe) over the Bohemian Massif
margin.

Krosno nappe system

Several tectono-lithofacial nappes (or units) north of
the Magura nappe system form the Krosno nappe system.
They are arranged from outer to inner as follows: Skole,
Sub-Silesian, Silesian and Dukla (Grybow, Fore-Magura)
nappes. Only Silesian and Dukla (Grybow) nappes reach
the territory of Slovakia (Lexa et al., 2000).
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The Skole Nappe is situated NE in the foreland of
Sub-Silesian Nappe on Polish territory, not reaching the
territory of Slovakia. The Sub-Silesian Nappe crops out as
a thin body on the border of Skole and Silesian nappes. The
Silesian Nappe is found in a limited extent in the northern
Kysuce region (Potfaj et al., 2002, 2003), where only
the Godula succession is present. Sandstone-rich Istebna
Fm., Sub-Menilite Fm. with spherically disintegrating
Cigzkowice sandstones, Menilite Fm. and Krosno Fm. are
typical.

The Dukla Nappe reaches the NE edge of Slovakia.
Its sedimentation area was initially associated with the
Magura Basin. Younger deposits have affinity rather with
the Silesian Nappe. To the west, Dukla Nappe passes into
thin bodies of Grybow and Fore-Magura nappes, which
underlie the Magura Nappe and crop out in the Smilno
tectonic window.

The most characteristic for the Krosno nappe system
are the menilite shales or Menilite Formation, composed
of brown claystones with bodies of sandstones and black
cherts which were formed from diatoms tests during the
late Eocene to early Oligocene. Another very characteris-
tic lithostratigraphic unit is the Sub-Menilite Formation of
Eocene age, being composed of variegated (red, green and
grey) claystones and sandstones. The menilite shales are
known as the main oil-bearing horizon across the EWE-
CA.

Magura nappe system

The Magura nappe system is the largest tectonic unit of
the EWECA, and represents the main part of the EWECA
on the Slovak territory (Cieszkowski, 1992; Lexa et al.,
2000; Oszczypko et al., 2015; Kaczmarek et al., 2016).
The Magura nappe system is divided into the partial tec-
tono-lithofacial units. In ordering from the north (external
units) to south (internal ones) these are the Siary, Raca,
Bystrica, Krynica and Biele Karpaty units. Together with
the Biele Karpaty Unit, which occurs only in the western
part of the zone and has a special status, the Magura nappe
system forms tectonically the highest part of EWECA.
Moreover, the Krynica Unit was as well backthrust south-
ward over the Klippen Belt (Oravicum) in the Orava re-
gion (Peskova et al., 2012).

The rocks of the Magura nappe system have deposited
in a few hundred kilometers wide Magura Basin having
2,000 to 4,000 meters depth. The time, when the Magura
Basin started to open, has not been reliably confirmed
yet, because the nappe is completely detached from its
substratum. There is assumed the Upper Jurassic time of its
opening (Picha et al., 2006; Hrouda et al., 2009; Golonka
et al., 2013; Oszczypko et al., 2015). Pelagic claystones
and thin-bedded “flysch” deposits (Ropianka Fm. and
Beloveza Fm.) deposited in the deep-sea environment
on the bottom formed probably by oceanic or distal
continental crust. Along with thin-bedded deposits the red
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and green (variegated) claystones, mudstones or marls
have deposited especially during the Upper Cretaceous and
lower Eocene (Cebula Fm., Ondrasovec Mb. and Lower
Beloveza Mb.). Sandy fans and lobes penetrated into the
basin and partly also on the slopes of the basin. Clastic
turbidity sedimentation dominated since Maastrichtian.
Each fan deposited hundreds of meters of sandstones (less
conglomerates).

According to petrographic and sedimentological
properties, we can distinguish several major types of
sandstones in the Magura nappe system: Solan (Mutne),
Szczawina, quartz-carbonate, Riecky, Skawce, glauconitic
and Magura type sandstones. The petrographic com-

position of the sandstones reflects the nature of the source
area (ridges/cordilleras). Its sedimentary structures are
determined by the nature of the current transport, global
temperature and sea-level changes. The Malcov Fm.
represents the fill of smaller piggy-back sub-basins. The
north-vergent thrusting by the end of Oligocene and in
early Miocene until Badenian caused the spatial reduction
and the origin of the fold and thrust setting. The boundary
of the Krosno and Magura nappe systems in the Moravia
is characterized by the occurrence of Jurassic limestones
(olistoliths, formerly known as the so-called External
Klippen Belt). Dozens of lithostratigraphic units have been
determined by the combination of mentioned lithotypes
and lithofacies (Fig. 5).
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Fig. 5. Simplified lithostratigraphic scheme of the Flysch Belt in the Slovak territory (modified after Potfaj, 1993; Lexa et al., 2000;
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Klippen Belt — Oravicum

The Klippen Belt represents narrow (max. 15 km wide)
and more than 600 km long morphotectonic structure on
the boundary between the Internal and External W. Car-
pathians (Figs. 1 and 4). The Klippen Belt contains the
Oravic rock successions as well as successions derived
from the IWECA (Fig. 5).

The exceptional tectonic complexity and numerous
identified rock successions (Misik, 1997b) and formations
(e.g. Birkenmajer, 1977) of the Klippen Belt are related
to the fact that it suffered multiphase deformation: for the
first time together with the Internal Western Carpathians
and for the second time after the Paleogene with the
Flysch Belt. Structure was additionally complicated by
the strike-slip faults longitudinally segmenting its units.
The essential segmentation of sedimentary basins of the
future Klippen Belt, similarly as in the case of other W.
Carpathian tectonic units, occurred in the Jurassic.

The Oravic units were during the Jurrasic situated in
the paleogeographical position surrounding the hypotheti-
cal continental ribbon known as the Czorsztyn ridge (Fig.
6). The Czorstyn ridge was separated from the European
platform by the oceanic domain of the Northern Pennini-
cum or the Magura ocean in the north, and from the Inter-
nal Western Carpathian block by the oceanic domain of
the Southern Pennicum or the Vahicum (Plasienka, 2012;
Plasienka & Sotak, 2015). According to its different facial
character, resulting from differing paleogeographic areas,
several sedimentary successions were distinguished, incl.
the Czorsztyn and Kysuca, as well as the Niedzica/Pruské
and Czertezik successions termed as the Oravicum.

The most widespread are the Czorsztyn and Kysuca
(also Kysuca-Pieniny) successions. They are tectonically
amputated and displaced from their former substratum,
therefore their sedimentary sequence starts with Lower
Jurassic rocks.
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The Czorsztyn succession is characterized by
generally shallow water sediments. The most typical
member is represented by the Czorstyn Limestones
(Middle to Late Jurassic) - the red nodular limestones with
abundant fossils, especially ammonites. Another typical
member is a sandy-crinoidal limestone (Middle Jurassic).
The Czorsztyn sequence occurs in the outer — northern
margin of the Oravicum/Klippen Belt and represents most
externally located sequence among the Klippen Belt units.

The Kysuca succession is typical by Jurassic
deep-water sediments - the Allgdu Formation, green and
red radiolarites and Pieniny Limestone.

The Czorsztyn and Kysuca successions are typical with
variegated (red, green and grey) marlstones (or calcareous
claystones) and marly limestones mostly of the Late Creta-
ceous age. They are known under various local names (e.g.
Puchov Marls) and often collectively they are referred as
the “Couches Rouges”.

The Klape Unit is present in the Povazie (Middle Vah
Valley) and Orava regions in the frame of Klippen Belt.
The most typical is the flysch formation predominantly of
the Late Cretaceous age, containing several characteristic
members with exotic material (Orlové Sandstone, Sphe-
rosiderite Beds, Upohlav Conglomerates). The Klape
sequence is folded together with Klippen Belt main
sequences (Czorstyn and Kysuca) and in the majority of
occurrences the strata are in an overturned position.

The Manin Unit, known only in the Middle Vah
Valley (name is derived from the Maninska tiesnava
Gorge), is most internal sequence of the Klippen Belt. The
paleogeographic position of the former sedimentary basin
is problematic and placed on the northern margin of the
Tatricum, as well as on the northern margin of the Fatricum
(i.e. southern edge of Tatricum). The most characteristic
part of this Early Jurassic to Middle Cretaceous sequence is
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the Urgonian Limestone (Manin Fm.) - the organodetritic
limestone with abundant macrofossils (algae, corals,
rudists). With the Manin Unit in the eastern part of the
Klippen Belt the Haligovee Unit is correlated (Misik,
1997b).

The Drietoma Unit is a structural element derived
from the Fatric nappe system incorporated into the western
segment of the Klippen Belt. Typical lithostratigraphic
members of the Upper Triassic (Norian) — Lower Cretace-
ous (Berriasian) Drietoma Unit are the Carpathian Keuper
and Allgéu Fm.

The Internal Western Carpathians (IWECA
encompass following tectonic units, individualized in the
Cretaceous: Vahicum, Tatricum, Fatricum, Hronicum,
Veporicum, Gemericum, Borka Nappe, Meliaticum,
Turnaicum and Silicicum. These units are present in the
Core mountains Belt, Vepor Belt as well as the Gemer
Belt (Figs. 1 and 3). In the subhorizontal division of W.
Carpathians into the separate Alpine groups of nappes,
the Vahicum and Tatricum represent the Lower Group of
Nappes, the Fatricum, Hronicum and Veporicum represent
the Middle Group of Nappes and the Gemericum, Borka
Nappe, Meliaticum, Turnaicum and Silicicum represent
the Upper Group of Nappes (Fig. 1).

The Lower Group of Nappes

The rock complexes of the Lower Group of Nappes
(Vahicum and Tatricum), crop out mainly in the Core
mountains Belt (Figs. 2 and 7).

Vahicum

The Vahicum is a hypothetical tectonic unit paleogeo-
graphicaly situated in the frontal part of the IWECA (Fig.
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6) and considered as an equivalent of the Alpine Pennini-
cum (Mabhel, 1981). Supposed oceanic crust of the Vahi-
cum is unknown from the surface presence. Some authors
parallelize Vahicum with occurrences of Upper Cretaceous
Horné Belice Group (Belice Unit) in the Povazsky Inovec
Mts. (Plasienka et al., 1994). Substantial part of the Horné
Belice Group is represented by the Late Cretaceous (Turo-
nian—Maastrichtian) turbidites (“flysch”), with occurrences
of olistoliths of crystalline basement, and Early Triassic
to Upper Cretaceous sediments (Rakus in Ivanicka et al.,
2011; Pelech et al., 2016). Similar formations also occur
in the borehole SBM-1 Soblahov east of Tren¢in (Mahel,
1985), as well as above Tatric sedimentary cover east of
Piestany (Pelech et al., 2017). The sediments of the Horné
Belice Group in the Povazsky Inovec Mts. are therefore of
unclear tectonic affiliation and probably represent a rem-
nant of larger sedimentary wedge-top basin adjacent to the
IWECA area (Pelech et al., 2016).

Tatricum

Tectonic unit of Tatricum contains Hercynian crystal-
line basement rocks (granitoids, gneisses and mica schists),
covered by the Late Paleozoic (rarely Carboniferous, more
often Permian) and Mesozoic rocks, deposited directly on
the basement.

The crystalline basement rocks of the Tatricum
were formed by the Hercynian magmatic and
tectono-metamorphic processes. Concerning the Hercynian
structure, it is not possible to distinguish between the
Tatricum and Veporicum crystalline basements, forming
during Hercynian orogeny the uniform stabilized unit, later
overlapped by cover sequences. The Hercynian tectonics
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Fig. 7. Position of rock complexes of tectonic units of Vahicum and Tatricum of the Lower Group of Nappes (based on Hok et al.,

2014).
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had the opposite polarity (south-vergent) than the Alpine
one — so being thrust generally from the north to south,
the high grade metamorphic rocks were structurally the
highest and their relics are today found in the northernmost
(most external) part of this unit and vice versa — the low
grade metamorphic rocks are the lowest and their relics are
preserved in the south (Bezak, 1994). The Alpine north-
vergent nappes overprinted the pre-existing structure,
making the reconstruction of the original position of the
Hercynian tectonic units rather complicated (Hrouda et
al., 2002). Based on the present state of knowledge, it is
possible to reconstruct the Hercynian structure into the
following three units (Bezak, 1994):

Upper Lithotectonic Unit (ULU) — composed of
high-grade metamorphic rocks (gneisses, migmatites,
granitoids and amphibolites) it is present predominantly in
the Core mountains;

Middle Lithotectonic Unit (MLU) — forms the sub-
stantial part of the Veporicum crystalline basement and
consists of gneisses, mica schists and relicts of low-grade
metamorphic rocks;

Lower Lithotectonic Unit (LLU) — is present in
southernmost zones of the Veporicum and consists of low
grade metamorphic crystalline schists.

Lithological composition of the aforementioned units
is even more complicated in detail. Lower-grade metamor-
phic sequences occur within each lithotectonic unit and
paragneisses are intruded by granitoid rocks of different
ages (Bezak et al., 2004). The Upper Lithotectonic Unit
is overlain by a separate complex with characteristic low-
grade metamorphic rocks known as the Upper Epizonal
Complex (e.g. the Pernek Group in the Malé Karpaty
Mts.).

Upper Lithotectonic Unit

Protolith of the ULU metamorphites was represented
mainly by greywackes with smaller proportion of sand-
stones and basic volcanic rocks. These complexes were
partly intruded by granitoids, later transformed to or-
thogneisses.

The reconstruction of the tectonic relationships in-
dicates that these complexes in the highest position are
usually overlying the medium-grade metamorphic rocks.
It is best seen in the Zapadné Tatry Mts. (Janak, 1994) and
in the eastern Nizke Tatry Mts. The ULU occurs mainly
in the Core mountains Belt (Tatry, Nizke Tatry, Branisko
a Cierna hora, Mala Fatra, Strazovské vrchy and Povazsky
Inovec Mts.).

The ULU contains also probably Early Paleozoic
low-grade metamorphic complexes (greenschist facies;
so-called upper epizonal complexes) occurring in isolated
occurrences within the higher metamorphic crystalline
basement rocks of the Tatricum and Veporicum, having
local names according their regional distribution. Locally
they overlie the older granites (Klinisko Phyllites on the
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northern slopes of the Dumbierske Tatry Mts), or they are
affected by the contact metamorphism of nearby granitoids
(i.e. being metamorphosed by the heat rising from the
granite magma, e.g. Harmonia Series or Pezinok Group
in the Malé Karpaty Mts). Other occurrences encompass
the metasediments in the Bukovecka dolina Valley on
the southern slopes of the Dumbierske Tatry Mts. and
occurrences in the Veporicum crystalline basement —
the Janov grin Complex, Predna hola Complex and the
Kraklova Fm.

Middle Lithotectonic Unit

The Middle Lithotectonic Unit is known mainly from
the Veporicum (Putis et al., 1997), however occurs also
in several Core mountains as the Malé Karpaty Mts., Po-
vazsky Inovec Mts. and Tribe¢ Mts. MLU is built of mica
schist to gneiss complexes with amphibolites, locally or-
thogneisses and minor metaquartzites, graphitic gneisses
and metamorphosed sedimentary Fe-ores. Several com-
plexes of the MLU are described from the Northern Vepo-
ricum (Hron, Cierny Balog and Kral'ova hola complexes).

Lower Lithotectonic Unit

The low-grade metamorphic complexes with variegated
lithology, assigned to the LLU, occur in the Southern
Veporicum (e.g. Ostra, Klenovec and Sinec complexes), as
well as within the Pezinok-Pernek Series (Pernek Group)
in the Malé Karpaty Mts.

The vast majority of the Tatricum granitoid rocks
are Carboniferous in age. The youngest granitoid rocks
are known in the area of Rochovce (Rochovce granite).
They are however known only in the sub-surface position,
originally due to their contact metamorphism of the
surrounding rocks. The 80 Ma age of intrusion was based
on radiometric dating (Hrasko et al., 1999).

Tatricum sedimentary cover sequences

The crystalline basement was deeply eroded after
the end of the Hercynian tectogenesis and the evolving
depressions were gradually filled with the Late Paleozoic
continental sediments. Carboniferous sediments are known
only in the northern Povazsky Inovec Mts. (Novianska
dolina Fm.). The Permian sediments occur in a limited
extent in the Malé Karpaty Mts. (Devin Fm.), Povazsky
Inovec Mts. (Kalnica Group), Tribe¢ Mts. (Skycov Fm.
and Slopna Fm.), Mala Fatra Mts. (Stranansky potok Fm.),
Tatry Mts. (Med’odoly Fm.) and Dumbier part of the Nizke
Tatry Mts. (Vazna Fm.). They consist of greywackes,
arkoses, sandstones and shales of generally variegated
colours (red, purple, green). The composition of the
sediments and their weak sorting reflects the proximity
of the source area (consisting of granites and crystalline
schists clasts) and generally short transport (Vozarova &
Vozar, 1988).

The Mesozoic sedimentary sequence starts in the
Early Triassic and continues with several gaps up to the
Late Cretaceous (Cenomanian) with exception of the
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Povazsky Inovec Mts. (Campanian), Tatry and Vel'ka Fatra
Mts., where the sedimentary record ends in the middle
Turonian (Pelech et al., 2017 and references herein). The
Lower Triassic rocks in the whole Tatricum region are
characterized by the quartzites and shales (Ltzna Fm.),
which are discordantly overlying the Permian rocks or
more often directly the crystalline basement. The quarzites
represent the continental sedimentation, being in the Middle
Triassic replaced by the marine carbonate sedimentation
(Gutenstein Limestone and Ramsau Dolomite). During
the Late Triassic the sedimentation continued in shallower
lagoonar and continental (terrestrial) conditions.
Succession of versicolour sediments (red, violet, yellow
sandstones, shales and dolomites) is referred to as the

Carpathian Keuper. The latest Triassic (Rhaetian) in the
Tatricum region is characterized by a discontinuity in
sedimentation. The continental sediments of the Late
Triassic are preserved in the Tichd dolina Valley in the
Tatry Mts. (Tomanova Fm.), where the footprints of
dinosaur were found (see Niedzwiedzki, 2011). Non-
deposition and often a significant erosion occurred in the
Early Jurassic due to major paleogeographyc changes
in the Tethyan region (Plasienka, 2018). In the Middle
Jurassic the sedimentation in the Tatricum was divided
into two contrasting facies - the deep-water type facies
(Fatra type or synonymously Siprafi type), containing a
Middle Jurassic radiolarites, radiolarian limestones and
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Fig. 9. Position of the tectonic units of Middle Group of Nappes (based on Hok et al., 2014). Dark-red colour indicates position of
Veporicum, depicted in Fig. 10 below.

® Dobsina

crystalline schist Silicicum

granite Gemericum
South Veporicum cover Upper Cretaceous sediments
North Veporicum cover Paleogene sediments

]
I
I
N
Fatricum ] Neogene sedimens
I

Hronicum Neogene volcanite

==
|
Fig. 10. Tectonic scheme of essential portion of the Veporicum, present in the Veporské vrchy Mts., Stolické vrchy Mts. and Revicka
vrchovina Mts. (modified after Hok et al., 2001).

Meliaticum faults

43



Mineralia Slovaca, 51 (2019)

spotted marly limestones and shales (“Fleckenmergel” —
Allgédu Fm.), and the shallow water facies (Tatra type),
characterized by the crinoid and sandy limestones (Hierlatz
Limestone).

The Fatra type of the sedimentary cover sequences
occurs in the Velka Fatra Mts., Mala Fatra Mts., Povazsky
Inovec Mts. and Strazovské vrchy Mts. The Tatra type
occurs in the Tatry, Nizke Tatry Mts. and Tribe¢ Mts.
Beside the aforementioned basic facial types a number
of specific successions occurs in the particular Core
mountains. Typical example represent the cover sequences
in the Malé Karpaty Mts., among which the Borinka
succession exhibits a contrasting difference from all other
sedimentary cover sequences (Plasienka, 2012).

The Tatricum was considered structurally as the
lowermost tectonic unit in the frame of Alpine setting
of Internal Western Carpathians, which is overridden by
other tectonic units, forming large-scale nappe structures.
The internal structure of the Tatricum itself is however
considerably complicated with a wide range of partial
thrusts, duplexes in the sedimentary cover sequences,
as well as crystalline basement, e.g. fold of Giewont
and Cervené vrchy in the Tatry Mits., fold of Tlstd in
the Nizke Tatry Mts., Zibrica duplex in the Tribe¢ Mts.
The allochthonity (nappe position) of the granitoid rocks
forming the Bratislava and Modra bodies was documented
in the Malé Karpaty Mts. The granitoid bodies are thrust
over the Borinka cover succession. The Borinka sequence
is due to its facial difference and the allochthonous position
of granitoids considered to be even lower tectonic element
than Tatricum (i.e. Infratatricum; PlaSienka et al., 1997).

Middle Group of Nappes

The Middle Group of Nappes is represented by Ve-
poricum (crystalline basement and sedimentary cover
sequences), which occurs in the Vepor Belt (Fig. 9) and
thin-skinned nappes of Fatricum and Hronicum that over-
lie tectonic units of Tatricum and Veporicum in the Core
mountains Belt and the Vepor Belt (Fig. 1).

Veporicum

Veporicum covers significant part of Central Slovakia
(Figs. 1, 9 and 10). The Vepor Belt is divided from the
Core mountains Belt (Tatricum) by the Certovica
thrust and from the Gemer Belt (Gemericum) by the
Margecany-Lubenik thrust. The Gemer Belt is thrust
over the Vepor Belt. The largest part of the Vepor Belt is
built by the Veporicum. Other tectonic units involved in
the geological structure of the Vepor Belt are represented
by the Silicicum and Hronicum. As in the case of the
Tatricum, the Veporicum is composed of a crystalline
basement and sedimentary cover sequences of the late
Paleozoic to Mesozoic age.

Veporicum crystalline basement

The crystalline basement of Veporicum is
predominantly composed of specific types of granitic
rocks (e.g. Vepor type, Sihla type, Hroncok granite,
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Ciertaz granite, etc.) and various grade metamorphic
rocks (migmatites, gneisses, mica schists and phyllites),
which similarly as granites, are designated by local names
(Muran orthogneiss, Klenovec gneiss, Brezina mica
schist, etc.). The Veporicum crystalline basement contains
relatively well-preserved relics of Hercynian structure. The
prevailing part of the crystalline basement is composed of
the Middle lithotectonic unit and, contrary to the Tatricum,
also the Lower lithotectonic unit with the lower grade
metamorphic rocks is present. The geological and tectonic
structure of the crystalline basement is very complicated.
It is mainly due to the considerable share of Hercynian
tectonics and its subsequent significant Alpine overprint.
This fact has led in the past to various interpretations of the
geological setting, reflecting different levels of knowledge
and geological information about the region. Differing
interpretations are still widely used today.

Vertical division of the Veporicum was based upon the
differing proportion of the individual types of the crys-
talline rocks and sedimentary cover sequences (Zoubek,
1957). According to this principle the Veporicum was
divided (from the south to the north) to the Kohut Zone,
Kralova hol'a Zone, Kraklova Zone and Lubictova Zone
(Fig. 10). The individual zones were thrust above each oth-
er or separated by the subvertical faults (e.g. Muran-Divin
Fault, Pohorela Line). Later on (Klinec, 1966, 1971), re-
vealing the Alpine nappe position of the crystalline com-
plexes, a horizontal division into the Kralova hol'a and
Hron complexes became predominant. The Kralova hol’a
Complex, composed predominantly of granitic rocks and
high-grade metamorphic rocks (migmatites, gneisses and
amphibolites) is lying in the nappe position above the
Hron Complex, consisting of lower grade metamorphic
rocks (mica schists, phyllites).

Veporicum sedimentary cover sequences

It is possible to divide the sedimentary sequences of
Veporicum into two distinct successions: the Southern
Veporicum sedimentary cover unit (Federata Unit) and
the Northern Veporicum sedimentary cover unit (Velky
bok Unit). The Federata Unit is present in the Kohut and
Kral'ova hol’a zones. It covers the southeastern margin of
the Veporicum and dips under the Gemericum along the
Lubenik thrust and at the same time it forms the substratum
of the Muran Nappe (Silicicum) in the Muranska planina
Plateau. The contact zone with corresponding kinematics
(thrusting and subsequent unroofing) was proved also in the
eastern margin of the Gemer Belt — along the Margecany
part of the Lubenik-Margecany thrust zone, forming the
mutual contact of the Spi§-Gemer Ore Mts. and Cierna
hora Mts. (cf. Németh et al., 2012). The Vel'ky Bok Unit is
present mainly in the Kral'ovohol'ské Tatry (eastern part of
the Nizke Tatry Mts.).

The Federata Unit represents complicated system of
thrust slices affected by the low-grade metamorphic over-
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print. The Mesozoic sedimentary sequence ranges from
the Lower to Upper Triassic. However, also the Upper
Carboniferous and Permian rocks (Revuca Group) are its
integral part, often representing tectonically independent
thrust slice. The dolomites of the Late Triassic age (No-
rian) represent the youngest lithostratigraphic member,
substituting the rocks of Carpathian Keuper, which rep-
resents the most significant difference with regard to the
sedimentary sequence of the Northern Veporicum.

The Vel’ky bok Unit is characterized by close linkage
to the crystalline basement, lithostratigraphic and tectonic
affinity to the Fatricum and sedimentary sequence ranging
from Permian to the earliest Lower Cretaceous (Albian).
Tectonic position of the Vel'ky bok Unit, confined to the
Fatricum, similarly as paleogeographic location relates to
southern margin of former sedimentary basin of Fatricum.

During Alpine tectogenesis it was displaced, together with
the underlying Veporic crystalline basement above the
Tatricum. Its autochthonous position above the north-
ern zones of Veporicum (as the sedimentary cover) was
preserved. The Velky bok Unit is exposed in the zone of
direct contact of Tatricum and Veporicum (so-called root
zones of the Krizna Nappe), for example in the Nizke Ta-
try Mts. (the Vel’ky bok sequence), Branisko Mts., Cierna
hora Mts. and Tribe¢ Mts. (Vel'ké Pole sequence).

Fatricum

The Fatricum (other names: Krizna Nappe, Krizna
sequence/series) is an (allochthonous) nappe unit present
in the Core mountains Belt above the Tatricum and below
the Hronicum nappe. The Fatricum, unlike other thin-
skinned nappes, is well identifiable from its root zones to
its foreland. The westernmost surface occurrences of the
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Fig. 11. Simplified lithostratigraphic column of the Fatricum (modified after Biely et al., 1996a).
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Fatricum are known from the northern part of the Malé
Karpaty Mts., the easternmost ones are known from the
Humenské vrchy Mts. Hinterland (internal or southern)
zones of the nappe are exposed in the Kralovohol'ské
Tatry (eastern part of the Nizke Tatry Mts.), Starohorské
vrchy and Tribe¢ Mts. In this context, often an obsolete
term “Sub-Tatric” nappes for the Krizna and Cho¢ Nap-
pes is also still in use (e.g. Jurewicz, 2005; Wolska et al.,
2016).

The former sedimentary basin of Fatricum was situated
south (internally) of the Tatricum approximately in the
area of present tectonically compressed boundary between
the Veporicum and Tatricum. Recently, e.g. the Velky bok
Unit is situated in this area.

The rock complexes of Fatricum are composed almost
exclusively of sedimentary rocks because the crystalline
basement was separated during the nappe emplacement,
except the Vel'ky bok Unit in the Nizke Tatry Mts., Vel'ké
pole Unit in the Tribe¢ Mts. and tectonic slices of the Fa-
tricum in the Starohorské vrchy Mts.

Stratigraphic range of Fatricum is from the
Lower Triassic to earliest Upper Cretaceous (Albian—
Cenomanian). The older Permian rocks are known only
from few locations close to the root zone of the nappe.
Lithostratigraphy of the Fatricum is entirely similar to

NW

Banska Bystrica @

that of the Tatricum cover (Figs. 8 and 11). Therefore,
characteristic phenomenon with repeating sedimentary
successions arises in the Core mountains Belt. The
Fatricum is however characterized by the presence of
thicker sequences of the Jurassic and Cretaceous age,
which are not so well developed in the Tatricum and
Hronicum. Another typical sign represents the locally
up to 500 m thick formation of Albian—Cenomanian
flysch known as the Poruba Formation, which forms the
uppermost and at the same time the youngest member of
the Fatricum sedimentary sequence. It is usually overlied
by the Hronicum.

The Fatricum is usually tectonically divided into two
units, distinguished mainly by the lithofacial character of
the Jurassic part of the sedimentary sequence.

The Zliechov Unit, sometimes referred to as the Kriz-
na Unit s.s. represents deep-water sequence. It is charac-
terized by the presence of the Jurassic spotted limestones
and marlstones (Allgiu Formation) and radiolarites (Zdiar
Fm.). It represents the spatially dominant part of the Fatri-
cum, usually located above the Vysoka Unit.

The Vysoka Unit and its equivalents (Beckov, Bela,
Duré¢ina and IPanovo units) represent shallow-water se-
quence characterized by the presence of Jurassic crinoi-
dal and sandy-crinoidal limestones (Hierlatz Formation).

Boca Nappe

SE

platform of the Hauptdolomite

Wetterstein dolomite

carbonate platform of the Povazie Nappe

Wetterstein Limestone

Dolomite
Guttenstein Formation

carbonate platform
of the Cierny Vih

uniform carbonate platform

Fig. 12. Schematic cross-section showing position of the Triassic sediments arranged in partial nappes system across the sedimentary

basin of the Hronicum (according to Havrila, 2011, simplified).
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Fig. 13. Simplified lithostra-

Fatricum shallow-water units are spatially less significant
than in the Zliechov Unit and are usually located in its
footwall.

Hronicum

The Hronicum (syn. Cho¢ nappe, formerly Upper
Sub-Tatric nappe) represents structurally the highest nappe
in the Middle Group of Nappes located above the Fatri-
cum and Veporicum. Occurrences of the Hronicum are
limited to the Core mountains and Vepor belts. It crops out
in the Mal¢ Karpaty Mts., Povazsky Inovec Mts., Tribec¢
Mts., Strazovské vrchy Mts., Ziar Mts., Mala Fatra Mts.,
Chocské vrchy Mts., Vel'ké Fatra Mts., Vysoké Tatry Mts.,
Nizke Tatry Mits., Branisko Mts. and Cierna hora Mts.
Presence of the Hronicum was proven in deep boreholes
of the northeastern part of the Slovak sector of the Vienna
Basin under the sediments of the Neogene age. In several
areas of the internal Western Carpathians, the Hronicum is
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tectonically imbricated into the system of partial nappes
(Fig. 12).

Hronicum rock complexes stratigraphically range from
Late Carboniferous to Early Cretaceous. Jurassic and Cre-
taceous sediments are, however, eroded and occur only
in the Brezovské Karpaty and Cachtické Karpaty Mts.,
Strazovské vrchy Mts. and on the northern slopes of the
Nizke Tatry Mts.

Characteristic feature of the Hronicum is the presence
of Late Carboniferous and Permian volcano-sedimenta-
ry formations included in the Ipoltica Group, formerly
known also as the Melaphyre Series (Vozarova & Vozar,
1979). It forms basal part of the nappe that is present pre-
dominantly across the more internal (southern) zones of
the Hronicum occurrence. In the north, the Hronicum se-
quence usually starts with the Triassic carbonates.

Another characteristic feature is the alteration of
shallow water and deep water lithofacies during the Middle
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Triassic (Fig. 12). The shallow water, reefal and lagoonal
facies are represented by Wetterstein limestones and
dolomites, which build Mojtin-Harmanec and Cierny Vah
carbonate platforms. The deep-water facies are represented
by Zamostie, Reifling and Schreyeralm limestones,
forming Dobra Voda and Biely Vah intra-platform basins.
The Upper Triassic of Hronicum is characterized by
levelling of basins and carbonate platforms and deposition
of the Lunz Formation (Fig. 13), which thickness is much
greater above the regions with basinal facies (Dobra Voda
and Biely Vah) than above the former platform areas. The
Lunz Beds are overlain by thick Main Dolomite (Norian)
- another characteristic and widespread lithostratigraphic
member of the Hronicum.

Structuralization of the Hronicum occurred during the
early Cretaceous and continued during the late Cretaceous
and Paleocene, as it is confirmed by the boreholes in the
Vienna Basin (boreholes of the Laksarska Nova Ves se-
ries). The Triassic lithostratigraphy of the Hronic nappes
system is in most of members similar to the Tirolic and
Bajuvaric nappe system in the Northern Calcareous Alps
(Janoschek & Matura, 1980; Piller et al., 2004).

Upper Group of Nappes

The Upper Group of Nappes is represented by the tec-
tonic units of Gemericum (low grade metamorphic rocks
and cover sequences), Meliaticum and Turnaicum nappes,
that are occurring in the Gemer Belt and Silicicum nappe
which is found in Vepor and Gemer belts (Figs. 1 and 14).
The tectonic units of the Upper Group of Nappes occur in
regions of Volovské vrchy Mts., Slovensky kras Plateau,
Spissko-gemersky kras Plateau (Muranska planina Plateau
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and Slovensky raj Mts.) and eastern part of the Revucka
vrchovina Mts. The Upper Group of Nappes is tectonically
superimposed above the Middle Group of Nappes, in par-
ticularly over the Veporicum unit. It represents the highest
structural element of the Alpine structure of the Internal
Western Carpathians, being structuralized already during
the Jurassic—Early Cretaceous transition (Fig. 2).

Gemericum

The Gemericum forms an extensive anticlinorium
(Fig. 1) of the Volovské vrchy Mts. It differs from the rest
of the W. Carpathian main tectonic units due to its rock
composition, age and metamorphism (Grecula, 1982;
Vozarova & Vozar, 1988; Vozarova, 1993). In contrast
to the Tatricum and Veporicum the Gemeric Hercynian
(Variscan) basement is on the surface composed by the
low-grade metamorphic rocks mostly of Early Paleozoic
age, with locally present Permian granitic rocks (Radvanec
et al., 2009), volumetrically representing an important
part of the tectonic unit according to the geophysical
investigation (Sefara et al., 2017). Granitic rocks were
during Alpine tectogenesis thrust northward as rigid blocks
together with their surrounding lithology. The granites
reach surface in Betliar, Hnilec, Popro¢ and Zlata Idka
localities. The Gemeric basement consists of three principal
groups differing in lithology and metamorphic grade. The
amphibolite facies metamorphic conditions are reported
from the Klatov Group (Faryad, 1990), representing
Variscan dismembered metaophiolite suite (Radvanec et
al., 2017) and recently occurring in tectonic slices and
fragments along the eastern and northern boundary of the
low-grade Early Paleozoic complexes of Gemericum. The
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Rakovec Group (formerly also “Phyllite-diabase Series”)
is in contrast composed of mafic rocks and their derivatives,
mostly metabasalts, tuffs and tuffites, present mainly in the
northern Gemericum (Fig. 15). Other sedimentary rocks are
less common (Ivan, 1994). The age of the Rakovec Group is
probably Devonian to Early Carboniferous, as the overlying
Late Carboniferous sediments contain clasts of Rakovec
Group rocks. Basalts are related to sub-marine volcanism
and the occurrence of pillow-lavas was interpreted by
Hovorka et al. (1988). According to other interpretation
(Radvanec & Németh, 2018) some of them represent
exhumed metagabbros, present along the axis of Variscan
suture zone, which is evidenced also by structural and
petrological findings, as well as occurrences of exhumed
blocks of Variscan ultra-high pressure metamorphic
rocks. The suture character of Rakovec Group is a pro-
duct of collisional closure of the basin in Westphalian
(Pennsylvanian: Kasimovian; Late Carboniferous; Németh,
2002; Radvanec & Németh, 2018). The Gelnica Group
builds a substantial part of the Gemericum (Fig. 15)
and morphologically occupies vast part of the Volovské
vrchy Mts. The lower part of this unit consists of a thick
turbiditic sequence of Ordovician-Early Devonian age

with interbeds of bimodal volcanic rocks, gradually
passing into volcanosedimentary sequence accompanied
by products of massive rhyolite-dacite volcanism of
the Late Devonian age (Grecula, 1982; Ivanicka et al.,
1989; Grecula & Kobulsky, eds., 2011). On the basis of
lithofacial and lithostratigraphic analysis, three formations
were defined within the Gelnica Group from the bottom
upwards: the Vlachovo Fm., Bystry potok Fm., and Drnava
Fm. (Ivanicka et al., 1989). According to lithostratigraphy
by Grecula (1982 and following works), reflecting the
revealed Early Paleozoic riftogenesis within the pre-
-Hercynian (pre-Variscan) continental crust, the Betliar
Fm., Smolnik Fm. and Hnilec Fm. were distinguished.

More recent concept divides the Gemericum accord-
ing to character of the sedimentary cover sequences into
Northern Gemericum and Southern Gemericum (Vozarova
& Vozar, 1988).

The Northern Gemericum is composed of Rakovec
and Klatov groups. Their sedimentary cover is composed
of numerous formations with their specific evolution,
position and age. The Early Carboniferous sequences are
represented by the Ochtina Group of Gemericum with
Crmel Formation in its eastern side (Vozarova, 1996).
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Fig. 15. Simplified tectonic scheme of the Gemericum and surroundings (modified after Hok et al., 2001).
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They both represent volcano-sedimentary units with
important deposits of magnesite (so called “Magnesite-
bearing Carboniferous”). The cover Permian rocks of the
Krompachy Group are typical by the presence of coarse-
grained conglomerate material, sandstones and variegated
shales (Knola and Petrova hora fms.). Conglomerate
composition suggests that the source area was in the former
Gemericum. The late Permian—early Triassic overlying
sequences were deposited in lagoonal environment —
evaporites and shales of the Novoveska Huta Fm. The
Southern Gemericum is composed of Gelnica Group
rocks and Stos Fm. The Stés Formation (Fig. 15) is
mostly represented by the metamorphosed sandstones,
phyllites (formerly probably shales), rarely also bodies of
metabasalts. The pre-Permian age of the Stos Fm. is proved
by geological data and the occurrences of the Stos Fm.
rock fragments in Early Permian conglomerates (Vozarova
et al., 2014). The cover of the Southern Gemericum is
represented by the Gocaltovo Group.

Besides two generations of thrust systems (Variscan
and Alpine), double unroofings (Permian and Late Cre-
tacesous; Németh et al., 2016), the spectacular tectonic
structure, overprinting the pre-Mesozoic metamorphic
fabric of the Gelnica Group as well as in its NE margin
also Rakovec Group, is the Gemericum Cleavage Fan.
The cleavage forms an asymmetric positive fan structure
developed transversally across the entire length of the
Gemeric unit (Lexa et al., 2003). As recent investigations
manifest, this cleavage fan trending NE-SW is a product
of sinistral transpressional shearing (Transgemeric shear
zone), and representing a conjugate system to dextral shear
zones trending NW-SE (Grecula et al., 1990; Németh et
al., 2012, Fig. 3 ibid).

Borka Nappe

The Borka Nappe was formerly considered as a part of
Meliaticum. At present it is distinguished as a separate tec-
tonic unit (however, not without doubts). It includes rock
sequences of Permian to Jurassic age characterized main-
ly by the subduction-type higher metamorphic overprint
(HP-LT) in comparison to other surrounding tectonic units.
The Borka Nappe rock complexes are typical with the crys-
talline limestones (marbles) with volcanogenic admixture
(Dubrava Fm.) with evidences of blueschists facies meta-
morphism (Mello et al., 1998).

Meliaticum

The Meliaticum is a tectonic unit (mélange) of nappe
character, known also from the territory of Austria (Kozur &
Mostler, 1992). It occurs in relics emerging from below the
Turnaicum and Silicicum nappes in the present-day surface
(Fig. 15). Occurrences of Meliaticum are represented by the
tectonic mélange of the Triassic carbonates, radiolarites and
volcanic rocks, found within the grey shales and radiolarite
beds of Jurassic age (Mock et al., 1998). Oceanic domain
of former Meliaticum was closed during late Jurassic
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and early Cretaceous. Subduction of the oceanic crust
and gradual closure of the sedimentary basin resulted in
the north-vergent tectonic transport of rock complexes,
originally deposited at the southern margin of this oceanic
realm. According to present knowledge, north-vergently
displaced rock complexes were later transformed into the
Turnaicum and Silicicum nappes. Simultanously, the rock
sequences of the future Borka Nappe, probably located
between the Gemericum and Meliaticum, were pulled
into the subduction zone. The detachment of Meliaticum,
Turnaicum and Silicicum started the shortening of Internal
Western Carpathians while preserving the polarity of
the tectonic transport from the south (from the inside) to
the north during the Early Cretaceous (the Upper Group
of Nappes) to the Late Cretaceous (the Lower Group of
Nappes).

Turnaicum

The Turnaicum is tectonic unit of nappe character
exposed from below the Silicicum (Lacny et al., 2016). It
occurs in the southern part of the Gemer Belt, mainly in the
Slovensky kras Mts. The Late Carboniferous-Late Triassic
sedimentary sequence of Turnaicum is characterized by
metamorphic overprint and deep-water Triassic carbonate
facies, distinguishing it from the Silicicum. The most
characteristic member are the Upper Triassic (Carnian—
Norian) grey nodular limestones (Potschen Limestone)
and grey shales with intercalations of volcanic rocks and
sandstones of Middle Triassic age (Dvorniky Formation).

Silicicum

The Silicicum is structurally the highest tectonic unit
of the Alpine nappe structure of the Internal Western
Carpathians (Mello, 1979). It is exposed as relatively flat-
lying nappe body in the Slovensky kras Mts., Slovensky
raj Mts., Galmus and Muranska planina Mts. Similarly, as
the Hronicum unit, also Silicicum was formerly divided
into several partial nappes (the Silica, Muran and Besnik
nappes). Now they are considered as erosional relics of
one larger nappe — Silicicum (often called as the Silica
Nappe sensu lato). Sedimentary sequence of Silicicum
starts in uppermost Permian or lowermost Triassic and
continues up to Upper Jurassic (Callovian—Oxfordian).
The Lower Triassic has similar development as in the
Turnaicum and is represented by the sandstones and
shales (Fig. 16). Major part of the Silicicum is formed
by the Middle-Upper Triassic shallow-water carbonates
(mainly Wetterstein Limestones). The sparsely preserved
Jurassic deposits form the youngest part of sedimentary
sequence and characterize the deeper water environment.
The vergence or sense of nappe displacement of Silicicum
is still a matter of debate. Former concept presumed that
Silicicum was transported together with the Hronicum
from the present-day Margecany-Lubenik zone, whereby
the Hronicum was transported to the north and Silicicum
to the south (Misik et al., 1985). Present model prefers an
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Fig. 16. Simplified lithostra-
tigraphic colum of the Silici-
cum (modified after Biely et
al., 1996a and Rakus & Sykora,
2001).
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interpretation that the tectonic transport of the Silicicum
was northward from the South Gemeric zone (Plasienka,
2018). Silicicum is overlain by the locally preserved Upper
Cretaceous (“Senonian”) Gosau type sediments. Principal
Triassic lithostratigraphic members of the Silicicum are
resembling Juvavic nappe system.

Zemplinicum

Zemplinicum represents a tectonic unit occurring in
the Zemplinske vrchy Mts. in the southeastern Slovakia
(Slavik, 1976; Fig. 1). Its tectonic assignment is not
satisfactorily resolved (Vozarova & Vozar, 1988; Grecula
& Egyiid, 1977, Plasienka et al., 1997). The Zemplinicum
is composed of high-grade Hercynian basement overlain
by continental sediments of Carboniferous with coal
seams and by Permian continental clastic red beds with
acid volcanics. Overlying formations are represented by
Lower Triassic quartzites and Middle Triassic carbonates.
Correlation of the Zemplinicum with surrounding units
is intricate, due to thick Neogene sedimentary cover as
well as the nature of the East Slovak Basin pre-Neogene
basement. Deep boreholes reaching the pre-Neogene
basement suggest the presence of metamorphosed Jurassic
to Paleogene succession (so called Inacovce-Kric¢evo
Unit). The Inacovce-Kri¢evo Unit was correlated with the
Belice Unit of the Povazsky Inovec Mts. (i.e. Vahicum,
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Plasienka et al., 1995) and both were together considered
as equivalent of the Penninicum. Later (PlaSienka &
Sotak, 2015), there was inferred that the Ina¢ovce-Kricevo
and related units continue from the subsurface of the East
Slovak Basin to the Pannonian Basin basement along the
Mid-Hungarian fault zone (Sava-Szolnok Belt) to the
Dinaridic Sava Zone (see also Schmid et al., 2008). Due
to the presence of the Inacovce-Kri¢evo Unit, the tectonic
affiliation of the Zemplinicum becomes even the more
obscure and complicated.

Post-nappe stacking formations
of the Western Carpathians

All rock formations of the Late Cretaceous (Conia-
cian—Maastrichtian) and Cenozoic age are in the Internal
Western Carpathians traditionally considered as the “post-
nappe stacking” formations. They are unconformably and
transgressively overlying the nappe structures. Later re-
search, however, points to fact that mainly in the external
parts of the Internal Western Carpathians the sediments
of Late Cretaceous and Paleogene age are folded together
with their substratum (Hok et al., 2016; Pelech et al., 2017;
Plasienka, 2018). This means that the rock complexes of
the Middle Group of Nappes in this part of the Western
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Fig. 17. Position of the Paleogene sediments in the Internal Western Carpathians (based on Hok et al., 2014).

Carpathians were displaced in the late Cretaceous—Eo-
cene period, in contrast to the Upper Group of Nappes,
where the Late Cretaceous sediments cover discordantly
and transgressively their basement, represented by the
Silicic nappes. The outer edge of the Internal Western
Carpathian block was during the early Miocene affected
by the back-thrusting (south-vergent), which is related to
the Neo-Alpine phase of mountain building (e.g. Pelech &
Olsavsky, 2018).

Upper Cretaceous (“Senonian”) sediments (Conia-
cian-Maastrichtian)

The Upper Cretaceous sediments were preserved
only sporadically on few localities (the Miglinc Valley
west of Moldava nad Bodvou; Dobsinska l'adova jaskyna
Cave; Sumiac; Myjavska pahorkatina Upland; Brezovské
Karpaty and Cachtické Karpaty Mts.). Deep drillings
confirmed the presence of Upper Cretaceous rocks also
in the area of Krupina and Rimavska Sobota (Cierna
Luka Fm., Vass et al,, 2001) in Central Slovakia and
from the pre-Neogene basement of the Vienna Basin.
Oldest (lowermost) parts of these sedimentary sequences,
correlated with Gosau Group, were deposited mostly in
freshwater environment. The higher parts are represented
by marine, often deep-water sediments.

The Upper Cretaceous rock occurrences could be di-
vided into two groups. The first one is covering solely the
Silicic nappes, representing the highest structural element
of the Upper Group of Nappes (Miglinc Valley; Dobsin-
ska Padova jaskyha Cave; Sumiac and Cierna Lika Fm.
occurrences). Among them, the most widespread and
lithologically most complete are the occurrences in the

52

wider area of the Dobsinska 'adova jaskyna Cave, which
are represented by two lithologically different formations.
The “lower formation” of ?early Santonian to early Cam-
panian age contains freshwater limestones and brown-grey
to grey shales with coal interbeds. It was formed in the
freshwater to the brackish environment, with its highest
parts being formed in the marine environment. The “upper
formation” of probably Maastrichtian to Paleocene age is
represented by variegated conglomerates with interbeds of
red and green shales with planktonic foraminifers point-
ing to marine environment (Mello et al., 2000; Pipik et al.,
2009; Hok & Littva, 2018).

The second group of the Upper Cretaceous rock
occurrences is located atop of Hronicum, which represents
highest structural element of the Upper Group of Nappes
(Myjavska pahorkatina Upland, Brezovské Karpaty and
Cachtické Karpaty Mts. and pre-Neogene basement of
the Vienna Basin). The most widespread occurrences
are located in the Myjavska pahorkatina Upland and
are represented by the Brezova Group (Coniacian —
Maastrichtian, Salaj et al., 1987). Lower part of the
Brezova Group is due to its lithological and facial content
similar to the Upper Cretaceous rocks of the Eastern
Alps (Wagreich & Marschalko, 1995). The basal part is
composed of conglomerates and sandstones. The upper
part, which is clearly of marine origin is composed of
“flysch-like” sediments, red marlstones and limestones.
The occurrences of the Brezova Group rocks continue
also into the basement of the Vienna Basin Neogene
sedimentary infill.
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Paleogene sediments

The Paleogene sediments (Fig. 17) are divided into
several lithostratigraphic (lithofacial) groups which are
at the same time localized in the particular areas: Central
Carpathian Paleogene Basin (or Podtatranska Group sensu
Gross et al., 1984; Gross, 2008), Myjava-Hricov Group,
Malé Karpaty Group and so-called Buda Paleogene (North
Hungarian Paleogene Basin). Paleogene sediments are de-
posited transgressively and discordantly above pre-Ceno-
zoic rocks. During the early Paleogene (Paleocene) most
of the Internal Western Carpathians territory was probably
sub-aerially exposed land. The Paleocene sediments are
mostly located only along the Pieniny Klippen Belt (My-
java-Hri¢ov Group).

Podtatranska Group

The Podtatranska Group (sensu Gross et al., 1984;
also termed as the Inner Carpathain Paleogene or fill
of Central Carpathian Paleogene Basin) represents
prevailing part of the Paleogene rocks in the Internal
Western Carpathians (Fig. 17). Sediments of Podtatranska
Group morphologically form the mountainous regions
of Skorusinské vrchy, Spisska Magura, Levocské vrchy,
Bachuref and Sari$ska vrchovina, but mainly the Tertiary
intramountain basins of Zilinsk4d kotlina, Tur&ianska
kotlina, Hornonitrianska kotlina, Podtatranskd Kkotlina,
Hornadska kotlina and Horehronské podolie. Stratigraphic
range of the Podtatranskd Group sediments is from
Eocene to Oligocene (in the Hornonitrianska kotlina
Basin up to early Miocene). The rock sequence starts with
transgressive basal breccias and conglomerates (Borové

Fm.). The transgression has progressed generally from
W to E and was diachronous in time. The basal formation
is overlain by the packet of claystones (Huty Fm.) and
typical mass transport deposits (“flysch” sandstones and
claystones, Zuberec Fm.). The sedimentary sequence
was terminated by the deposition of predominantly sandy
gravity flow deposits (Biely Potok Fm.).

Malé Karpaty Group

The Malé Karpaty Group represents the westernmost
occurrence of the Paleogene sediments within the Western
Carpathians (Fig. 17). The rock sequence represents only
a relic of a larger basin transgressively and discordantly
overlying various litostratigraphic units of the Hronicum
(Bucek in Polak et al., 2012). Age of the Mal¢ Karpaty
Group sediments — conglomerates, breccia, sandstones
and claystones — is early to middle Eocene, though the
sedimentation continued after hiatus in the early Oligocene.
Sediments differ from those in the Podtatranska Group.

Mpyjava-Hric¢ov Group

The Myjava-Hricov Group contains a lithologically
diverse “flysch”-type rock sequence, mainly sandstones,
claystones, limestones and conglomerates (Sul'ov Con-
glomerates). It is located along the inner edge of the
western part of the Pieniny Klippen Belt (Fig. 17). The
sediments are predominantly transgressively overlying its
footwall, manifesting hiatus during the early Paleocene.
However, the Paleocene sediments of the Polianka Fm.
were exceptionally deposited continuously since Late Cre-
taceous. The stratigraphic record of the Myjava-Hri¢ov
Group ends in the late Eocene (Bucek in Mello et al., 2011;
Plasienka & Sotak, 2015).

N . .
o~ sediment andezite - rhyolite basalt

Fig. 18. Occurrence of Neogene sediments and volcanites (based on Hok et al., 2014).
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Buda Paleogene

The Buda Paleogene sequence (late Eocene—early
Oligocene) occurs only in southern Slovakia (mainly in
the area of the Stirovo town and the South Slovak Basin).
In the region of Stiirovo the Buda Paleogene sediments are
not exposed on the surface but were revealed by boreholes.
The Buda Paleogene sequence is not an integral part of the
W. Carpathians. Overlying the tectonic units of Hungarian
Transdanubian range, they are lithofacially closer to units
of Southern Alps. The sediments of the Buda Paleogene
are characterized by the alternation of the brackish (mixed
marine and freshwater environments) and the marine
sedimentation, and in particular the occurrence of the coal
seams (Vass, 2002).

Neogene sediments

The Neogene sedimentary basins and intermontane
depressions (in Slovak usually termed kotlina; Fig.
18), together with the Core mountains represent the
most characteristic morpho-tectonic features of the W.
Carpathians. Regarding the common origin and evolution,
the Neogene sedimentary basins cannot be separated from
Carpathian Neogene volcanic province (Konecny et al.,
2002) occurring in Central and Eastern Slovakia, and at
the same time, they must be understood in the context of
the whole Pannonian Basin System and wider Paratethys
region (Royden & Horvath, 1988; Kovac, 2000; Haas et
al., 2013).

The Neogene basins in the Slovak territory are
represented by complex and extensive Vienna, Danube,
South Slovak and East Slovak (Transcarpathian) basins.
The intramontane depressions have usually thinner and
structurally less complicated Neogene infill and are often
situated between the (Core) mountains. The northern
embayments of the Danube Basin — the Blatné, RiSnovce
and Komjatice depressions (formerly known as the
Piestany, Topol'cany and Zlaté Moravce embayments) are
included among the intermontane depressions since their
evolution is closely related to surrounding mountains. The
smaller Neogene intermontane basins include Trencin,
Ilava, Orava, Banovce, Horna Nitra, Turiec, Ziar, Zvolen
and Roznava basins. The intermontane depressions are
bounded by normal faults, delimiting them from the
surrounding areas. The sediment thickness often reaches
several kilometers and Neogene rocks unconformably
and transgressively overlie dismembered basement of
various ages and tectonic affiliation. The Neogene rocks
are characterized by great diversity and many local names
(e.g. Vass, 2002, Fig. 19).

The evolution of the Neogene basins and intermon-
tane depressions was coeval with subduction-accretion
processes in the Outer Western Carpathians. Since the
Oligocene, the subduction and collision of the Flysch
Belt with Bohemian Massif and North European platform
took place. The subduction was diachronous and proceed-
ed continually from the west (Eggenburgian) to the east
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(end of Neogene). Gradual consumption of the Flysch
Belt basement resulted in contraction of the area between
fixed and consolidated European Platform and the Internal
Western Carpathian (ALCAPA) block. The Internal West-
ern Carpathian block was due to the subduction roll-back
effect generally moving to the north and rotated counter
clockwise at the same time. The rotation was controlled
by actually active segments of subduction (Jificek, 1979;
Marton et al., 2016). The aforementioned processes in the
Internal W. Carpathian regions resulted in stress regime
that enabled strike-slips and normal faulting. The Neogene
evolution of W. Carpathian sedimentary basins can be di-
vided into several stages (Kovac et al., 2018, Fig. 19):

Pre-rift stage of Early Miocene (Eggenburgian—early
Badenian) can be characterized by transtensional regime.
Early Miocene marine sediments (e.g. Causa, Banovce,
Laks$arska Nova Ves and Raksa fms.) were deposited in
the northern part of the Danube Basin (Blatné, Banovce,
Horna Nitra and Turiec depressions), as well as in the
Vienna, East Slovak and South Slovak basins.

Syn-rift stage of the middle Miocene (Badenian—Sar-
matian) is characterized by the marine sedimentation and
regional extension that reached maximum during this time
in the whole Internal W. Carpathians. The onset of the main
rift phase is marked by regional unconformity, where the
middle Miocene sediments often overlap the pre-Cenozoic
basement. Considerable amount of sediments has accumu-
lated in relatively short time (nearly 3000 m of sediments
during Badenian in the Blatné Depression). Extension to
transtension was diachronously moving to the SE (Hok et
al., 2016). Typical horst and graben structure of the Core
mountains belt was formed during this stage and accompa-
nied by considerable tilting of several hanging wall blocks.
Clays, marls and sandstone at the beginning of marine en-
vironment (e.g. Spagince and Bahon fms.) were later re-
placed by deltaic to brackish sedimentation (Vrable Fm.).
This stage was terminated by regional unconformity at the
end of Sarmatian.

Post-rift stage represented the thermal collapse of the
Pannonian Basin lithosphere. It was accompanied by wide
rift normal faulting, which dominated in the evolution of
the sedimentary basins during the late Miocene (Panno-
nian) to Quaternary. Main depocenters were located in
Risnovce, Komjatice and Gabc¢ikovo depressions. The
sedimentary sequences were changing from brackish to
freshwater (Ivanka Fm.), deltaic (Beladice Fm.) to alluvial
sedimentation (Volkovce Fm. and Kolarovo Fm.). Impor-
tant unconformity and hiatus occurred during the Pontian—
Dacian due to basin inversion.

Neogene—Quaternary volcanic rocks

The Neogene volcanic activity was geotectonically
tightly bound to the processes of subduction in the Ex-
ternal Western Carpathians (Kone¢ny et al., 2002). The
petrographic and geochemical character of volcanic rocks
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Fig. 19. Lithostratigraphy of the Slovak part of the Danube Basin (based on Vass, 2002, and Kovac et al., 2018).

is directly limited by the nature of the subduced plate as
well as the upper mantle (Biely et al., 1996b). Regarding
the geotectonic evolution, succession of volcanotectonic
events, different petrological and volcanological types
and forms, it is not possible to separate Neogene and
Quaternary volcanic activity, having following individual
stages (Lexa et al., 1993):

Acid calc-alkaline areal volcanism is represented
mainly by rhyolites, rhyodacites and their products of
two periods: (1) The early Miocene (Eggenburgian—
early Badenian) restricted only to marginal facies — tuffs,
recorded in the South Slovak basin and the East Slovak
basin. Geodynamically, they can be parallelized with
the pre-rift stage of the Neogene extension. (2) The
late Miocene (Sarmatian—Panonian) volcanism can be
parallelized with processes of the post-rift stage. Volcanic
products are more widespread and occur together with
andesite volcanoes, especially in the Central Slovakia
region.

Intermediate calc-alkaline areal volcanism rep-
resented mainly by the middle Miocene (Badenian—
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Sarmatian) granodiorites, andesites, dacites and their
volcaniclastic products. It represents the lowest part of
the large Stiavnica, Javorie and Pol'ana stratovolcanoes.
Geodynamically, they can be parallelized to the syn-rift
stage (maximum back-arc extension).

Intermediate calc-alkaline arc volcanism mainly of
basaltic andesites, rare dacites and their products is docu-
mented in particular during the middle Miocene (Sarma-
tian). The occurrence is mainly connected to the region
of Eastern Slovakia (the volcanoes of Slanske vrchy Hills
and Vihorlatské vrchy Mts.). Petrological character of
rocks reflects the processes of active subduction.

Alkali basalt volcanism (besides basalts also nephe-
line basanite) is found only in the central Slovak region
— predominantly in the Cerova vrchovina Upland and rep-
resents the final stage of late Miocene—Quaternary volcan-
ic activity. The youngest products (nepheline basanites)
with documented age of 100 000—140 000 years BP, were
found near Nové Baia (Putikov visok; Simon & Maglay,
2005).
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Summary

The territory of Slovakia is formed by the north convex-
bent arch of the Western Carpathian mountain range and the
northern margin of the Pannonian Basin. The geological/
tectonic structure of the W. Carpathians was formed by the
north-vergent Alpine orogenic processes. The deformation
advanced generally from internal (southern) to the external
(northern) parts of the present-day arc. The Internal W.
Carpathians (IWECA) were tectonically transformed to
the present structure during the Cretaceous period and the
External W. Carpathians (EWECA) during the Neogene
period. The main tectonic units are from north to south and
from bottom to top as follows: The Flysch Belt composed
of Krosno and Magura nappe systems. The border between
the EWECA and IWECA is the Klippen Belt containing
the Oravic tectonic units. IWECA is built by the Lower,
Middle and the Upper Group of Nappes. The Vahicum and
Tatricum tectonic units form the Lower Group of Nappes.
The Veporicum, Fatricum and Hronicum are present in
the Middle Group of Nappes and finally the Gemericum,
Meliaticum, Turnaicum and Silicicum represent the
Upper Group of Nappes. The Tatricum, Veporicum and
Gemericum can be considered as the thick-skinned
units involving the Paleozoic crystalline basement.
Other tectonic units represent cover nappes containing
mostly Mesozoic carbonate sediments. Rock formations
of the Late Cretaceous (Coniacian—Maastrichtian) and
Cenozoic age are in the INECA traditionally considered
as the “post-nappe stacking”, however, in the external
parts of the IWECA the sediments of late Cretaceous and
Paleogene age are tectonized together with their basement.
The most characteristic Cenozoic elements in the IWECA
include: (1) the Paleogene sediments of the Podtatranska
Group transgressively overlapping IWECA nappes and
reaching thickness of several thousand m in the central and
eastern Slovakia; (2) horst and graben system of the Core
mountains, representing the transitional zone between
the IWECA and northern part of the Miocene Danube/
Pannonian Basin; (3) Miocene to Pliocene rhyolitic,
andesitic and later basaltic volcanism (Neovolcanism)
particularly extensive in central and eastern Slovakia.

Acknowledgement

The work was financially supported by the VEGA
grant No. 1/0115/18and the Slovak Research and
Development Agency under the contracts No. APVV-17-
-0170, APVV-16-0121 and APVV-16-0146. Authors are
thankful for constructive comments and suggestions of
Jan Madaras and anonymous reviewer, who improved the
quality of the paper.

References

ANDRUSOV, D., 1968: Grundriss der Tektonik der Nordlichen
Karpaten. Bratislava, 1 — 188.

56

ANDRUSOV, D., BYSTRICKY, J. & FUsiN, O., 1973: Outline of
the Structure of the West Carpathians. X. Congres of Car-
pathian-Balkan Association. Bratislava, Geol. Ust. D. Stira,
Wyd. Slov. Akad. Vied, 1 — 44.

BEZAK, V., 1994: Navrh nového ¢lenenia krystalinika Zapad-
nych Karpat na zaklade rekonstrukcie hercynskej tektonickej
stavby. Miner. Slov., 26, 1, 1 — 6. (In Slovak with English
summary.)

BEZAK, V., BROSKA, 1., IVANICKA, J., REICHWALDER, P., VOZAR,
J., POLAK, M., HAVRILA, M., MELLO, J., BIELY, A., PLASIENKA,
D., PoTras, M., KONEENY, V., LEXa, J., KALICIAK, M., ZEC,
B., Vass, D., ELECKO, M., JANOCKO, J., PERESZLENYI, M.,
MARKO, F., MAGLAY, J. & PRISTAS, J., 2004: Tektonicka mapa
Slovenskej republiky 1 : 500 000. Bratislava, Minister. Zivot.
prostr. Slov. rep., $t. Geol. Ust. D. Stiira.

BEzAK, V., ELECKO, M., FORDINAL, K., IVANICKA, J., KALICIAK,
M., KoNECNY, V., KoVACIK, M., MAGLAY, J., MELLO, .,
NAGY, A., PoLAK, M. & PoTFas, M. (eds.), 2008: Prehl'adna
geologicka mapa Slovenskej republiky 1 : 200 000. Bratisla-
va, St. Geol. Ust. D. Stira.

BEzAK, V. (ed.), ELECKO, M., FORDINAL, K., IVANICKA, J., Ka-
LICIAK, M., KONECNY, V., MAGLAY, J., MELLO, J., NAGY,
A., POLAK, M., POTFAJ, M., SIMON, L., BIELY, A., BROSKA,
I., BUCEK, S., FiLo, 1., GRECULA, P., HrASKO, L., JACKO, S.,
KoBULSKY, J., KOHUT, M., KOVACIK, M., LEXA, J., OLSAVSKY,
M., PLASIENKA, D., PrISTAS, J., TETAK, F., Vass, D. & VozA-
ROVA, A., 2009: Vysvetlivky k prehladnej geologickej mape
Slovenskej republiky 1 : 200 000. Bratislava, St. Geol. Ust.
D. Stira, 534 p.

BEZAK, V., BIELY, A., ELECKO, M., KONECNY, V., MELLO, J., Po-
LAK, M. & PoTraJ, M., 2011: A new synthesis of the geolo-
gical structure of Slovakia — the general geological map at
1:200 000 scale. Geol. Quart., 55, 1, 1 — 8.

BIELY, A. (ed.), BEZAK, V., ELECKO, M., GROSS, P., KALICIAK, M.,
KONECNY, V., LEXA, J., MELLO, J., NEMCOK, J., POTFAI, M.,
RAKUS, M., Vass, D., VozAR, J. & VOZAROVA, A., 1996a:
Explanation to geological map of Slovakia 1 : 500,000. Bra-
tislava, GS SR, Vyd. D. Stira, 77 )2

BIELY, A., BEZAK, V., ELECKO, M., KALICIAK, M., KONECNY, V.,
LExa, J., MELLO, J., NEMCOK, J., POoTFAJ, M., RAKUS, M.,
Vass, D., VOzAR, J. & VOZAROVA, A., 1996b: Geologicka
mapa Slovenskej republiky 1 : 500 000. Bratislava, Minister:
Zivot. prostr. Slov. rep., GS SR.

BIRKENMAJER, K., 1977: Jurrassic and Cretaceous lithostra-
tigraphic units of the Pieniny Klippen Belt, Carpathians,
Poland. Stud. geol. polon., 45, 101 — 121.

Broska, 1., PETRIK, 1., BEERI-SHLEVIN, Y., MAJKA, J. & BEZAK,
V., 2013: Devonian/ Mississippian I-type granitoids in the
Western Carpathians: A subduction related hybrid magma-
tism. Lithos, 162 — 163, 27 — 36.

CieszKOWSKI, M., 1992: Marine Miocene deposits near Nowy
Targ, Magura Nappe, Flysch Carpathians (South Poland).
Geol. Carpath., 43, 339 — 346.

FaryaDp, S. W., 1990: Rulovo-amfibolitovy komplex gemerika.
Miner. Slov., 22, 303 — 318. (In Slovak with English sum-
mary,)

Geologicka mapa Slovenska M 1 : 50 000, 2013: Bratislava, St.
Geol. Ust. D. Stira. Available on web:: http.//apl.geology.
sk/gmS50js.



J. Hok et al.: Outline of the geology of Slovakia (W. Carpathians)

GOLONKA, J., SLACZKA, A., WASKOWSKA, A., KROBICKI, M. &
Cieszkowskl, M., 2013: Budowa geologiczna zachodniej
czesci polskich Karpat zewnetrznych. In: Krobicki, M.,
Feldman-Olszewska, A. (eds.): Glebokomorska sedymen-
tacja fliszowa: sedymentologiczne aspekty historii basenow
karpackich: V Polska Konferencja Sedymentologiczna PO-
KOS 5° 2013. Zywiec: abstrakty referatéw i posteréw oraz
artykuty: przewodnik do wycieczek, 11 — 61. (In Polish.)

GRECULA, P. & EGgYUD, K., 1977: Pozicia zemplinskeho ostrova
v tektonickom plane Karpat. Miner. Slov.,, 9, 6, 449 — 462. (In
Slovak with English summary.)

GRECULA, P., 1982: Gemerikum — segment riftogénneho bazénu
Paleotetydy. Bratislava, Alfa, 1 — 263. (In Slovak with En-
glish summary.)

GRECULA, P., NAVESNAK, D., BARTALSKY, B., GAZDACKO, L., NE-
METH, Z., ISTVAN, J. & VRBATOVIC, P., 1990: Shear zones and
arc structure of Gemericum, the Western Carpathians. Miner:
Slov., 22, 2, 97— 110.

GRECULA, P. & KOBULSKY, J. (eds.), GAzDACKO, L., NEMETH, Z.,
HRrASKO, ., NOVOTNY, L., MAGLAY, J., PRAMUKA, S., RADVA-
NEC, M., KUCHARIC, L., BAITOS, P. & ZAHOROVA, L., 2011:
Vysvetlivky ku geologickej mape Spissko-gemerského rudo-
horia 1 : 50 000. Bratislava, St. Geol. Ust. D. Stira, 1 — 308
(In Slovak with English summary.)

Gross, P., 2008: Litostratigrafia Zapadnych Karpat: Paleogén
— podtatranské skupina. Bratislava, St. Geol. Ust. D. Stira,
1 —78. (In Slovak with English summary.)

Gross, P., KOHLER, E. & SAMUEL, O., 1984: Nov¢ litostratigrafic-
ké ¢lenenie vnatrokarpatského paleogénu. Geol. Prace, Spr.,
81, 103 — 117. (In Slovak with English summary.)

Haas, J. (ed.), HAMOR, G., JAMBOR, A., KOVACS, S., NAGYMAROSY,
A. & SzEDERKENYL, T., 2013: Geology of Hungary. Heidel-
berg, Springer Verlag, 244 p.

HavriLa, M., 2011: Hronikum: paleogeografia a stratigrafia
(vrchny pelson — tuval), Strukturalizacia a stavba. Geol.
Prace, Spr., 117, 7 — 103. (In Slovak, English summary).

HOK, I., KaHAN, S. & AUBRECHT, R., 2001: Geoldgia Slovenska.
Bratislava, Univerzita Komenského, 1 —47. (In Slovak.)

HOK, J., KovA¢, M., PELECH, O., PESKOVA, 1., VoiTKO, R. &
KRALIKOVA, S., 2016: The Alpine tectonic evolution of the
Danube Basin and its northern periphery (southwestern Slo-
vakia). Geol. Carpath., 67, 5, 495 — 505.

HOK, J., SusaN, M. & Sipka, F., 2014: Tektonické ¢lenenie Za-
padnych Karpat — prehl’ad nazorov a novy pristup. Acta Geol.
Slov,, 6, 2, 135 — 143. (In Slovak with English summary.)

HOK, J. & LiTTVA, J., 2018: Chtelnické suvrstvie — nova litostra-
tigraficka jednotka sladkovodnych vapencov vrchnej kriedy
v Brezovskych Karpatoch a Cachtickych Karpatoch (zapad-
né Slovensko). Geol. Prace, Spr., 132, 53 — 58. (In Slovak
with English summary.)

HRrASKO, L., HATAR, J., HUHMA, H., MANTARI, I., MICHALKO, J. &
Vaasiokl, M., 1999: U/Pb zircon dating of the Upper Creta-
ceous granite (Rochovce type) in the Western Carpathians.
Krystalin., 25, 163 — 171.

HRroOUDA, F., PUTIS, M. & MADARAS, J., 2002: The Alpine over-
prints of the magnetic fabrics in the basement and cover
rocks of the Veporic Unit (Western Carpathians, Slovakia).
Tectonophysics, 359, 271 — 288.

HrouDA, F., KrEICL, O., POTFAJ, M. & STRANIK, Z., 2009: Mag-
netic fabric and weak deformation in sandstones of accre-

57

tionary prisms of the Flysch and Klippen Belts of the Western
Carpathians: Mostly offscraping indicated. Tectonophysics,
479, 254 - 270.

IvaN, P., 1994: Early Paleozoic of the Gemeric Unit (Inner Western
Carpathians): Geodynamic setting as inferred from metabasalt
geochemistry data. Mitt. Osterr. geol. Gesell., 86, 23 — 31.

IVANICKA, J. & KoHUT, M. (eds.), HavriLA, M., OLSAVSKY, M.,
HOK, J., KOVACIK, M., MADARAS, J., POLAK, M., RAKUS, M.,
FiLo, I., ELECKO, M., FORDINAL, K., MAGLAY, J., PRISTAS, J.,
BUCEK, S., SiMoN, L., KUBES, P., SCHERER, S., ZUBEREC, J.,
Dananag, I. & KLUKANOVA, A., 2011: Vysvetlivky ku geo-
logickej mape Povazského Inovca a jv. Casti Trencianskej
kotliny. Bratislava, St. Geol. Ust. D. Stira, 7 — 389.

IVANICKA, J., SNOPKO, L., SNOPKOVA, P. & VOzZAROVA, A., 1989:
Gelnica Group — lower unit of the Spissko-gemerské rudo-
horie Mts. (West Carpathians) Early Paleozoic. Geol. Zbor.
Geol. carpath., 40, 4, 483 — 501.

Jacko, S., HOK, J. & MADARAS, J., 1997: Pre- and syn-grani-
toid deformations of the Western Carpathian metamorphic
complexes. In: Grecula, P., Hovorka, D., Puti§, M. (Eds.):
Geological evolution of the Western Carpathians. Bratislava,
Miner. Slov. — Monogr., 359 — 370.

JANAK, M., 1994: Variscan uplift of the crystalline basement,
Tatra Mts., Central Western Carpathians: Evidence from
“Ar/Ar laser probe dating of biotite and P-T-t paths. Geol.
Carpath., 45, 5, 293 — 300.

JANOCKO, J., PERESZLENYI, M., VAss, D., BEzAK, V., JACKO, S., JR.,
JAcko, S., KOoHUT, M., POLAK, M. & MELLO, J., 2006: Geolo-
gy and hydrocarbon resources of the Inner Western Carpathi-
ans, Slovakia, and Poland. In: Golonka, J. & Picha, F. J. (eds.):
The Carpathians and their foreland: Geology and hydrocarbon
resources. Memoir (Amer. Assoc. Petrol. Geol.), 84, 569 — 603.

JANOSCHEK, W. R. & MATURA, A., 1980: Outline of the geology
of Austria. Abh. Geol. Bundesanst., 34, 7 — 98.

JIRICEK, R., 1979: Tektogeneticky vyvoj karpatského oblouku
béhem oligocénu a neogénu. In: Mahel’, M. (ed.): Tektonické
profily Zapadnych Karpat. Bratislava, Geol. Ust. D. Stiira,
203 — 213. (In Czech with English summary.)

Jurewicz, E., 2005: Geodynamic evolution of the Tatra Mts. and
the Pieniny Klippen Belt (Western Carpathians): problems
and comments. Acta geol. polon., 55, 3, 295 — 338.

KACZMAREK, A., OszczYPKO-CLOWES, M. & CIESZKOWSKI, M.,
2016: Early Miocene age of Stare Bystre Formation (Magura
Nappe, Outer Carpathians, Poland) indicated by the calcare-
ous nannoplankton. Geol. Quart., 60, 341 — 354.

KLINEC, A., 1966: Zum Bau und Bildung des Veporiden-Kris-
tallin. Shor. geol. Vied, Zapad. Karpaty, 6, 7 — 28. (In Slovak
with German summary.)

KLINEC, A., 1971: Hlavné tektonické elementy vychodnych
veporid. Geol. Prdace, Spr, 57, 105 — 109. (In Slovak with
English summary.)

KONECNY, V., KOVAC, M., LEXA, J. & SEFARA, J., 2002: Neogene
evolution of the Carpatho-Pannonian region: an interplay of
subduction and back-arc diapiric uprise in the mantle. EGU
Stephan Mueller Spec. Publ. . 1, 105 —123.

KovAc, M., 2000: Geodynamicky, paleogeograficky a Struktarny
vyvoj karpatsko-panonskeho regionu v miocéne: Novy po-
hl'ad na neogénne panvy Slovenska. Bratislava, Veda, 202 p.
(In Slovak, English summary).



Mineralia Slovaca, 51 (2019)

KoOVAC, M., PLASIENKA, D., AUBRECHT, R., HALOUZKA, R.,
KRrEi¢i, O., KRoNOME, B., NAGYMAROSY, A., PRICHYSTAL,
A. & WAGREICH, M., 2003: Geological structure of the Alpi-
ne-Carpathian-Pannonian junction and neighbouring slopes
of the Bohemian Massif. Bratislava, Univerzita Komenské-
ho, 1—88.

KOVAC, M., RYBAR, S., HaLASOVA, E., HUDACKOVA, N., SARI-
NOVA, K., SusaN, M., BArRaNYL, V., KOVACOVA, M., RUMAN,
A., KLUCIAR, T. & ZLINSKA, A., 2018: Changes in Cenozoic
depositional environment and sediment provenance in the
Danube Basin. Bas. Res., 30, 97 — 131.

Kozur, H. & MOsSTLER, H., 1992: Erster paldontologischer
nachweis von Meliaticum und Siid-Rudabanyaicum in den
Nordlichen Kalkalpen (Osterreich) und ihre beziehungen
zu den abfolgen in den Westkarpaten. Geol. Paldont. Mitt.
Innsbruck, 18, 87 — 129.

LACNY, A., PLASIENKA, D. & VoiTKO, R., 2016: Structural evolu-
tion of the Turiia Unit constrained by fold and cleavage ana-
lyses and its consequences for the regional tectonic models
of the Western Carpathians. Geol. Carpath., 67, 2, 177 —193.

LEXA, J., BEZAK, V., ELECKO, M., MELLO, J., POLAK, M., POTFAJ,
M. & V0zARr, J. (eds.), 2000: Geological map of the West-
ern Carpathians and adjacent areas 1 : 500 000. Bratislava,
Ministry Environ. Slovak Rep., Geol. Surv. Slovak Rep.

LExA, J., KONECNY, V., KALICIAK, M. & HOJSTRICOVA, V., 1993:
Distribucia  vulkanitov ~ karpatsko-panonskeho regionu
v priestore a ¢ase. In: Rakts, M. & Vozar, J. (eds.): Geody-
namicky model a hlbinna stavba Zapadnych Karpat. Brati-
slava, Geol. Ust. D. Stiira, 57 — 69. (In Slovak.)

Lexa, O., ScHULMANN, K. & JEZEK, J., 2003: Cretaceous col-
lision and indentation in the West Carpathians: View based
on structural analysis and numerical modeling. Tecton., 22,
6, 1 066.

MaHEE, M., 1981: Penninikum v Zapadnych Karpatoch z pohl'a-
du globalnej tektoniky. Miner. Slov., 13, 4, 289 — 306. (In
Slovak with English summary.)

MAaHEE, M. (ed.), 1974: Tectonics of the Carpathian Balkan Regi-
ons. Explanations to the tectonic map of the Carpathian-Bal-
kan regions and their foreland. Bratislava, Geol. Institutute
D. Stir; 1 —453.

MAaHER, M., 1983: Navrh na nova tektonick(i nomenklattru za-
kladnych tektonickych elementov Zapadnych Karpat. Miner.
Slov., 15, 6, 559 — 565. (In Slovak with English summary.)

MAaHEE, M., 1985: Geologicka stavba Strazovskych vrchov. Bra-
tislava, Geol. Ust. D. Stira, 222 p. (In Slovak with English
summary.)

MaHEE, M., 1986: Geologicka stavba ceskoslovenskych Karpat.
Paleoalpinske jednotky 1. Bratislava, Veda, 1 — 510. (In Slo-
vak.)

MaHEE, M. & Bupay, T. (eds), 1968: Regional Geology of Cze-
choslovakia. Part II. The West Carpathians. Praha, Geol.
Surv. Czechosl., Academia, 1 — 723.

MARTON, E., GRABOWSKI, J., TOKARSKI, A. K. &TUNyI, 1., 2016:
Palaeomagnetic results from the fold and thrust belt of the
Western Carpathians: an overview. In: Pueyo, E. L., Cifelli,
F., Sussman, A. J. & Oliva-Urcia, B. (eds.): Palacomagnetism
in Fold and Thrust Belts: New Perspectives. London, Geol.
Soc., Spec.Publ., 425, 7 — 36.

58

MAZUR, E. & LUKNIS, M., 1986: Geomorfologické ¢lenenie SSR
a CSSR. Cast Slovensko. Bratislava, Slov. kartografia. (In
Slovak.)

MELLO, J., 1979: Su tzv. vyssie subtatranské prikrovy a silicky
prikrov stcastou gemerika? Miner. Slov., 11, 3, 279 — 281.
(In Slovak.)

MELLO, J., BOOROVA, D., BUCEK, S., FILO, I., FORDINAL, K., HA-
VRILA, M., IGLAROVA, L., KUBES, P., LISCAK, P., MAGLAY, J.,
MARCIN, D., NAGY, A., PoTFAI, M., RAKUS, M., RAPANT, S.,
REMSIK, A., SALAJ, J., SIRANOVA, Z., TETAK, F., ZUBEREC, J.,
ZLINSKA, A. & ZECOVA, K., 2011: Vysvetlivky ku geologickej
mape Stredného Povazia 1 : 50 000. Bratislava, St. Geol. Ust.
D. Stira, 377 p. (In Slovak with English summary.)

MELLO, J., FiLo, 1., HAVRILA, M., IvAN, P., IVANICKA, J., MADA-
RAS, J., NEMETH, Z., POLAK, M., PRISTAS, J., VOZAR, J., Vo-
ZAROVA, A., LISCAK, P., KUBES, P., SCHERER, S., SIRANOVA, Z.,
SZALAIOVA, V. a ZAKOVA, E., 2000: Vysvetlivky ku geologic-
kej mape Slovenského raja, Galmusu a Hornadskej kotliny
1 : 50 000. Bratislava, St. Geol. Ust. D. Stira, 299 p. (In
Slovak with English summary.)

MELLO, J., REICHWALDER, P. & VOZzAROVA, A., 1998: Borka
Nappe: high-pressure relic from the subduction-accretion
prism of the Meliata ocean (Inner Western Carpathians,
Slovakia). Slovak Geol. Mag., 4, 4, 261 — 273.

Misik, M., CHLUPAC, 1. & CICHA, I., 1985: Stratigraficka a his-
toricka geologia. Bratislava, Slov. Pedag. Nakl., 570 p. (In
Slovak.)

MiSik, M., 1997a: Slovakia. In: Moores, E. M. & Fairbridge, R.
W. (eds.): Encyclopedia of European and Asian Regional
Geology. Dodrecht, Springer Publishers, 656 — 664.

MISiK, M., 1997b: The Slovak part of the Pieniny Klippen Belt
after pioneering works of D. Andrusov. Geol. Carpath., 48,
4,209 - 220.

McCanN, T. (ed.), 2008: The Geology of Central Europe: Meso-
zioc and Cenozoic. London, Geol. Soc. Publ. House, 1 500 p.

Mock, R., SYKORA, M., AUBRECHT, R., OZVOLDOVA, L.,
KrONOME, B., REICHWALDER, P. & JABLONSKY, J., 1998:
Petrology and stratigraphy of the Meliaticum near the
Meliata and Jaklovce Villages, Slovakia. Slovak Geol. Mag.,
4,4, 223 - 260.

NIEDZWIEDZKI, G., 2011: A Late Triassic dinosaur—dominated
ichnofauna from the Tomanova Formation of the Tatra Moun-
tains, Central Europe. Acta palaeont. pol., 56, 2, 291 — 300.

NEMETH, Z., 1996: Prvé zistenie prikrovu Borky vo vychodnej
Casti SpiSsko-gemerského rudohoria. Miner: Slov., 28, 3,
175 — 184. (In Slovak with extended English resume.)

NEMETH, Z., 2002: Variscan suture zone in Gemericum: Contri-
bution to reconstruction of geodynamic evolution and metal-
logenetic events of Inner Western Carpathians. Slovak Geol.
Mag., 8, 3 —4, 247 — 257.

NEMETH, Z., RADVANEC, M., GAzZDACKO, . & KOBULSKY, .,
2012: Variscan tectonic setting vs. Alpine overprint in Ge-
mericum (Inner Western Carpathians): Their role in the re-
cent distribution of tectonic units in the eastern part of the
territory as expressed in significant localities. Miner. Slov.,
44, 1, Geovestnik, 8 — 15.

NEMETH, Z., PutiS, M. & HraSko, L., 2016: The relation of
metallogeny to geodynamic processes - the natural pre-
requisite for the origin of mineral deposits of public



J. Hok et al.: Outline of the geology of Slovakia (W. Carpathians)

importance (MDoPI): The case study in the Western
Carpathians, Slovakia. Miner. Slov., 48, 2, 119 — 134.

Oszczypko, N., gLACZKA, A., Oszczypko-CLOWES, M. &
OLSZEWSKA, B., 2015: Where was the Magura Ocean? Acta
geol. pol., 65, 3, 319 — 344.

PELECH, O. & OLSAVSKY, M., 2018: Post-early Eocene backthrus-
ting in the northeastern Strazovské vrchy Mts. (Western Car-
pathians). Miner. Slov., 50, 2, 149 — 158.

PeLEcH, O., HOK, J. & JOzsa, S., 2017: Turonian — Santonian
sediments in the Tatricum of the Povazsky Inovec Mts. (In-
ternal Western Carpathians, Slovakia). Aust. J. Earth Sci.,
110, 1, 21 - 35.

PELECH, O., HOK, J., HAVRILA, M. & PESKOVA, 1., 2016: Structural
position of the Upper Cretaceous sediments in the Povazsky
Inovec Mts. (Western Carpathians). Acta Geol. Slov., 8, I,
43 - 358.

PESKOVA, 1., HOK, J., PoTFAJ, M. & VOITKO, R., 2012: Structural
interpretation of the Varin and Orava segments of the Klippen
Belt (in Slovak). Geol. Prace, Spr., 120, 51 — 64. (In Slovak
with English summary.)

PicHa, F. J., STRANIK, Z. & KREICI, O., 2006: Geology and hy-
drocarbons resources of the Outer Carpathians and their fore-
land, Czech Republic. In: Golonka, J. & Picha, F. J. (eds.):
The Carpathians and their foreland: Geology and hydrocar-
bon resources. Memoir (Amer. Assoc. Petrol. Geol.), 84, 49
—175.

PiLLER, W. E., EGGER, H., ERHART, C. W., GrROSS, M., HARZHAU-
SER, M., HUBMANN, B., VAN HuseN, D., KRENMAYR, H.-G.,
KrysTtyYN, L., LEIN, R., LUKENEDER, A., MANDL, G., ROGL,
F., RoeTZEL, R., RUPP, C., SCHNABEL, W., SCHONLAUB, H. P.,
SUMMESBERGER, H., WAGREICH, M. & WESSELY, G., 2004: Die
stratigraphische Tabelle von Osterreich (sedimentiire Schich-
tfolgen). Osterr:. Stratigraph. Kommission.

Pipik, R., SYKORA, M., COLIN, J. P. & HaVRILA, M., 2009: A new
phytal limnic ostracod Rosacythere carpathica sp. nov. from
the Upper Cretaceous of the Western Carpathians: impli-
cations for evolution of the Timiriaseviinae. Cret. Res., 30,
465 —476.

PraSIENKA, D., 1999: Tektonochronolégia a paleotektonicky
model jursko-kriedového vyvoja centralnych Zapadnych
Karpat. Bratislava, Veda, Vyd. Slov. Akad. Vied, 1 — 125. (In
Slovak with English summary.)

PLASIENKA, D., 2012: Jurassic syn-rift and Cretaceous syn-oroge-
nic, coarse-grained deposits related to opening and closure of
the Vahic (South Penninic) Ocean in the Western Carpathians
—an overview. Geol. Quart., 56, 4, 601 — 628.

PLASIENKA, D., 2018: Continuity and episodicity in the early Al-
pine tectonic evolution of the Western Carpathians: How lar-
ge-scale processes are expressed by the orogenic architecture
and rock record data. Tecton., 37, 1 — 50.

PLASIENKA, D., MARSCHALKO, R., SOTAK, J., PETERCAKOVA, M.
& UHER, P., 1994: Povod a Struktarna pozicia vrchnokriedo-
vych sedimentov v severnej Casti Povazského Inovca. Prva
Cast’: Litostratigrafia a sedimentologia. Miner. Slov., 26, 311
— 334. (In Slovak with English summary.)

PLASIENKA, D., SOTAK, J. & SPISIAK, J., 1995: Penninic units of
the Central Western Carpathians: lithological, structural and
metamorphic signatures. Proceedings XV. Congress CBGA.
Geol. Soc. Greece, Spec. Publ., 4, 1, 80 — 85.

59

PLASIENKA, D., GRECULA, P., PuTi§, M., KoVAC, M., & HOVOR-
KA, D., 1997: Evolution and structure of the Western Car-
pathians: An overview. In: Grecula, P., Hovorka, D. & Putis,
M. (eds.): Geological evolution of the Western Carpathians.
Bratislava, Miner. Slov. — Monogr., 1 — 24i.

PLASIENKA, D. & SOTAK, J., 2015: Evolution of late Cretaceous
and Palaeogene synorogenic basins in the Pieniny Klippen
Belt and adjacent zones (Western Carpathians, Slovakia):
tectonic control over a growing orogenic wedge. Ann. Soc.
geol. Pol., 85, 43— 76.

PoLAK, M., PLASIENKA, D., Konut, M., PuTiS, M., BEZAK, V.,
MAGLAY, J., OLSAVSKY, M., HAVRILA, M., BUCEK, S., ELEC-
KO, M., FORDINAL, K., NAGY, A., HrRASKO, L., NEMETH, Z.,
MALIK, P., LISCAK, P., MADARAS, J., SLAVKAY, M, KUBES, P.,
KUCHARIC, L., BOOROVA, D., ZLINSKA, A., SIRANOVA, Z. &
ZECOVA, K., 2012: Vysvetlivky ku geologickej mape Malych
Karpat 1: 50 000. Bratislava, St. Geol. Ust. D. Stira, 1 —287.
(In Slovak with English summary.)

Potras, M., 1993: Postavenie bielokarpatskej jednotky v ramci
flySového pasma. Geol. Prace, Spr., 98, 55 — 78. (In Slovak
with English summary.)

PotEas, M. (ed.), SLEPECKY, T., MAGLAY, J., HANZEL, V., BOORO-
VA, D., ZECOVA, K., KOHUT, M., NAGY, A., TETAK, F., Vass,
B., SANDANUS, M., BUCEK, S., SYKORA, M., KOHLER, E., FEJ-
DIOVA, O., KANDERA, K., SAMUEL, O., BUBiK, M. & BELES,
F., 2003: Vysvetlivky ku geologickej mape regionu Kysuce
1 : 50 000. Bratislava, St. Geol. Ust. D. Stira, 1 — 193. (In
Slovak with English summary.)

POTEAJ, M., MAGLAY, J., SLEPECKY, T. & TETAK, E., 2002: Geolo-
gicka mapa regionu Kysuc 1 : 50 000. Bratislava, Minister.
Zivot. prostr. Slovak. rep., St. Geol. Ust. D. Stira.

PuTIS, M., FILOVA, 1., KORIKOVSKY, S. P., KoTov, A. B. & MADA-
RAS, J., 1997: Layered metaigneous complex of the Veporic
basement with features of the Variscan and Alpine thrust tec-
tonics (the Western Carpathians). In: Grecula, P., Hovorka,
D. & Puti§, M. (eds.): Geological evolution of the Western
Carpathians. Bratislava, Miner. Slov. — Monogr., 175 — 196.

RADVANEC, M., KONECNY, P., ONDREJIKA, M., PUTIS, M., UHER,
P. & NEMETH, Z., 2009: The Gemeric granites as an indicator
of the crustal extension above the Late-Variscan subduction
zone and during the Early Alpine riftogenesis (Western Car-
pathians): An interpretation from the monazite and zircon
ages dated by CHIME and SHRIMP methods. Miner. Slov.,
41, 4, 381 —394.

RADVANEC, M., NEMETH, Z., KrRAL, J. & PraMUKA, S., 2017:
Variscan dismembered metaophiolite suite fragments of
Paleo-Tethys in Gemeric unit, Western Carpathians. Miner.
Slov., 49, 1 —48.

RADVANEC, M. & NEMETH, Z., 2018: Variscan epidote-eclogite,
blueschists and pumpellyite-actinolite facies Cpx/Sr-rich
epidote-metagabbro blocks exhumed in Carbonifereous with
Permian amphibolite facies overprint (Gemeric unit, Western
Carpathians). Miner. Slov., 50, 55 — 99.

RAKUS, M. & SYKORA, M., 2001: Jurassic of Silicicum. Slovak
Geol. Mag., 7, 1, 53 — 83.

RoYDEN, L. H. & HorVATH, F. (eds.), 1988: The Pannonian Basin.
A study In Basin Evolution. Memoir (Amer. Assoc. Petrol.
Geol.), 45, 1 — 394.

SALAJ, J., BEGAN, A., HANACEK, J., MELLO, J., KULLMAN, E.,
CECHOVA, A. & SucHa, P., 1987: Vysvetlivky ku geologickej
mape Myjavskej pahorkatiny, Brezovskych a Cachtickych



Mineralia Slovaca, 51 (2019)

Karpat 1 : 50 000. Bratislava, Geol. Ust. D. Stira, 181 p.
(In Slovak.)

ScHMID, S. M., BERNoOULL, D., FUGENCHUH, B., MATENCO, L.,
SCHEFER, S., SCHUSTER, R., TISCHLER, M. & USTASZEWSKI,
K., 2008: The Alpine-Carpathian-Dinaridic orogenic system:
correlation and evolution of tectonic units. Swiss J. Geosci.,
101, 139 183.

SLAVIK, J., 1976: Zemplinikum — mozna nova tektonicka jed-
notka centralnych Karpat. Geol. Prace, Spr., 65, 7 — 19. (In
Slovak with English summary.)

SEFARA, J., BIELIK, M., VOZAR, J., KATONA, M., SZALAIOVA, V.,
VOZAROVA, A., SIMONOVA, B., PANISOVA, J., SCHMIDT, S. &
GOTZE, H., 2017: 3D density modelling of Gemeric granites
of the Western Carpathians. Geol. Carpath., 68, 3, 177 — 192.

SmvoN, L. & MAaGLAY, ., 2005: Datovanie sedimentov podlo-
zia lavového pradu vulkanu Putikov vrch metddou opticky
stimulovanej luminiscencie. Miner. Slov., 37, 279 — 281. (In
Slovak with English summary.)

TETAK, F. (ed.), KovACIK, M., PESKOVA, L., NAGY, A., BUCEK, S.,
MAGLAY, J., VLACIKY, M., LAURINC, D., ZECOVA, K., ZLIN-
SKA, A., LISCAK, P, MARCIN, D., ZILKA, A., KUCHARIC, L.,
GLucH, A. & BaLAZ, P., 2016: Vysvetlivky ku geologickej
mape regioénu Biela Orava 1 : 50 000. Bratislava, St. Geol.
Ust. D. Stiira, 217 p. (In Slovak with English summary.)

UHER, P., KoHUT, M., ONDREJKA, M., KONECNY, P. & SiMAN, P.,
2014: Monazite-(Ce) in Hercynian granites and pegmatites
of the Bratislava Massif, Western Carpathians: compositio-
nal variations and Th-U-Pb electron-microprobe dating. Acta
Geol. Slov., 6, 2, 215 — 231.

UHLIG, V., 1903: Tektonische Kartenskizze der Karpaten.
Mafsstab 1 : 1 500.000. Leipzig, Wagner & Debes.

Vass, D., 2002: Litostratigrafia Zapadnych Karpat: neogén a bu-
dinsky paleogén. Bratislava, St. Geol. Ust. D. Stira, 1 —202.
(In Slovak with English summary.)

Prehlad geologicke;j

Uzemie Slovenska tvori pasmové pohorie Zapadnych
Karpat vyklenuté na sever a severny okraj Pandnskej niziny
(obr. 1). Geologicka stavba Zapadnych Karpatje vysledkom
alpinskej orogenézy, pricom deformdcia postupovala
od vnutornych Casti dnesného obluka smerom na sever.
Vnuatorné (interné) Zapadné Karpaty (IZK) wvznikali
hlavne v obdobi kriedy a VonkajSie (externé) Zapadné
Karpaty (EZK) v obdobi neogénu (obr. 2). Za hlavné
tektonické jednotky EZK mézeme zo severu na juh a zdola
nahor povazovat' flySové pdsmo tvorené krosnianskym
a magurskym systémom prikrovov a Struktaru bradlového
pasma, ktora je zaroven deliacim elementom medzi EZK
alZK (obr. 1). Vramci IZK st pritomné tektonické jednotky
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stavby Slovenska

podlozia sa povazujui za celokorové tektonické jednotky.
Ostatné tektonické jednotky tvoria pripovrchové prikrovy
(obr. 2). Horninové subory vrchnej kriedy (konak —
mastricht) a kenozoika sa v rdmci IZK tradi¢ne povazuju
za poprikrovové tUtvary, no pri vonkajSom okraji IZK
su cCasto zvrasnené spolo¢ne so svojim podlozim (obr.
2). Medzi charakteristické poprikrovové Struktary IZK
patria: 1. paleogénne sedimenty podtatranskej skupiny,
transgresivne prekryvajtce prikrovy IZK a dosahujice vo
vychodnej ¢asti uzemie hrubku niekol’ko tisic metrov (obr.
17); 2. Struktary horskych chrbtov a depresii jadrovych
pohori predstavujuce prechodnu zoénu medzi IZK
a severnou castou Podunajskej, resp. Pandnskej panvy
(obr. 7 a 18); 3. miocénny az kvartérny vulkanizmus,
obzvlast rozsiahly na strednom a vychodnom Slovensku
(obr. 18).

019
019

Dorucené / Received: 3

0.4.2
Prijaté na publikovanie / Accepted: 4.6.2





