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Abstract
The study area is located in the eastern part of Veporské vrchy Mts. and is composed of several palaeo-Alpine tectonic 
units which are sealed by Cenozoic formations and volcanites. The palaeo-Alpine units differ by degree of metamorphism, 
deformation, age, and lithological composition. The Vepor Unit, which consists of metamorphosed Variscan crystalline base-
ment and the Permian to Triassic Foederata Group, forms the lowermost structure of the palaeo-Alpine nappe stack in this 
area. The Vepor Unit is overthrust by (from the bottom to the top): (a) newly detected epimetamorphosed Carboniferous 
deposits of the Furmanec Unit which could by correlated with the Ochtiná Nappe of the Gemer Unit s.l. or with the Nižná 
Boca Formation of the Choč Nappe; (b) the unmetamorphosed “Lower” Muráň Nappe, newly described nappe unit within 
this area but with not well-known tectonic affinity; and (c) the unmetamorphosed Muráň Nappe s.s. of the Silica Unit which 
represents the uppermost portion of the palaeo-Alpine nappe pile. Post-nappe Upper Eocene to Oligocene remnants of 
sedimentary deposit together with remnants of the originally voluminous Neogene Vepor Stratovolcano are the youngest 
features of geological structure of the study area.
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1. introduction

Orographically the study area belongs into the sub-province of 
Inner Western Carpathians (Mazúr & Lukniš, 1986). The ter-
ritory is located in the western portion of Slovenské Rudohorie 
Mts. which is considered to be the largest mountain range in 
Slovakia. The mountains is spread in an area of over 4,000 km2 
large, about 140 km in length and 40 km in width. The study 
area is located ~1 km south-east of Pohronská Polhora village 
and ca. 8 km north-west of Tisovec town (Fig. 1).

From the regional geological point of view the investigated 
area belongs to the Vepor Unit (Kráľová hoľa subzone) of the 
Central Western Carpathians (Vass et al., 1988). The study area 
consists of the following palaeo-Alpine tectonic units (from bot-
tom to the top): (i) the Vepor Unit (Variscan crystalline basement 
with the Foederata cover sequence), (ii) the Furmanec Unit, 
(iii) the Silica Unit; and post-nappe neo-Alpine (i) Horehronie 
sequence, (ii) Neogene Vepor Stratovolcano (Fig. 2).

This territory has never been geologically studied in detail 
and practically no relevant geological map of this area exists 
until today. The regional geological map at a scale of 1:50,000 
published by Klinec (1976) did not solve the lithostratigraphy 
and tectonic position of palaeo-Alpine structure of the study 
area also known as the Kučelach tectonic outlier. The last 
published map did not cover the whole study area (Vojtko, 
2000). Moreover, since the publication of regional geological 
map, the area became marginalized by geologists who deal 
with geology structure and tectonic evolution of the Western 
Carpathians.

The aim of this article was focused on interpretation of geo-
logical structure of the western part of the Kučelach tectonic 
outlier which is characterized by complicated Alpine tectonics. 
The investigation was mainly aimed at the Vepor cover sequence 
which was firstly lithostratigraphically subdivided into several 
formations.

2. methods

Geological mapping was carried out in basic topographic map 
at a scale of 1:10,000 in map sheets 36-24-13 and 36-24-18. The 
studied area is ~ 10 km2 large. The geological and tectonic maps 
were drawn on the basis of new field work and a review and re-
interpretation of archived and published materials (Bystrický, 
1959; Klinec, 1976; Vojtko, 1999a, 1999b, 2000, 2003). Standard 
field research methods were used with the geological mapping. 
These methods include geological observations, structural meas-
urements, documentation of outcrops, and sampling. Field work 
was supported by lithostratigraphical and structural analyses.

3. lithostr atigr aphy and magmatism

The study area, despite its small size, is built by several tectonic 
units (Figs. 1, 2). The lowermost – Vepor Unit is formed by the 
pre-Alpine crystalline basement and its Permian–Triassic sedi-
mentary cover a.k.a. Foederata Group (cf. Rozlozsnik, 1935; 
Schönnenberg, 1946; Klinec, 1976; Bajaník et al., 1983, 1984; 
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Plašienka, 1983, 1993). The Vepor Unit is overthrust by the only 
of the Carboniferous rock succession belonging to Furmanec 
Unit (cf. Plašienka & Soták, 2001). The uppermost nappe struc-
ture is formed by the unmetamorphosed Silica Unit, which is 
composed predominantly of Middle to Upper Triassic carbonate 
platforms (cf. Vojtko, 2000; Vojtko et al., 2000). The Palaeogene 
sediments sporadically occur in the north-eastern portion of this 
region and represent only erosive remnants of the Horehronie 
sequence (Vojtko, 2000; Soták et al., 2005). Besides this, a small 
andesite subvolcanic body of the Tisovec intrusive complex oc-
curs in the south-eastern part of the investigated area and belongs 
to the Neogene Vepor Stratovolcano (sensu Konečný et al., 2015).

3.1. vepor crystalline basement

The Vepor Unit represents the middle crustal-scale thick-skinned 
thrust sheets incorporated into the Alpine structure of the 
Central Western Carpathians (e.g., Andrusov et al., 1973). In 
newly proposed division of the Western Carpathians, this unit 
belongs to the Middle Group of nappes of the Internal West-
ern Carpathians (cf. Hók et al., 2014). The unit overrides the 

Tatra-Fatra basement/cover sheet along the Čertovica line in 
the north-west. From the south-east it is overthrust along the 
Lubeník-Margecany line by the Gemer thick-skinned imbri-
cated stack, overlain by the Meliatic oceanic accretionary-suture 
complexes and the Silica nappe (Reichwalder, 1982; Plašienka 
et al., 1997; Plašienka, 1999; Lačný et al., 2015). The Vepor Unit 
mainly comprises pre-Alpine crystalline basement and its Upper 
Palaeozoic–Mesozoic cover sequences are only locally preserved 
(Figs. 2 and 3).

Currently, the Vepor Unit can be subdivided into two tec-
tonic units: the Northern Vepor Unit with its Veľký Bok cover 
sequence and Southern Vepor Unit with its Foederata cover 
sequence (Biely et al., 1992, 1997; Bezák et al., 1999a, 1999b). 
Both units, divided by the Pohorelá Fault (e.g., Hók & Vojtko, 
2011), have uniform crystalline rock complexes, but differ in 
lithostratigraphic evolution of cover sequences.

The studied area is located in the Southern Vepor Unit, which 
was considerably influenced by palaeo-Alpine tectono-metamor-
phic processes, especially by low- to medium-grade metamor-
phism and the development of a penetrative subhorizontal mylo-
nitic structure that superimposed the Variscan metamorphic 

Fig. 1. Tectonic map of the Muránska Planina Mts. and surrounding area (according to Bezák et al., 2004; modified).
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Fig. 2. Geological map of the Dielik (987 m asl.) and Remetisko (886 m asl.) hills surrounding area.
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features and tectonic relationships of the pre-Alpine complexes 
(Hók et al., 1993; Plašienka, 1993; Jeřábek et al., 2008, 2012). In 
the north-west and south portion of the studied area, a porphyric 
varieties of granodiorites (Klinec, 1966, 1976; Bezák et al., 1999b; 
Vojtko, 1999ª, 2000) of the Vepor crystalline basement rocks 
occur locally (Kráľova hoľa Nappe; Putiš, 1989).

3.2. vepor cover sequence (foederata group)

Lithostratigraphical succession of the Vepor cover is composed 
of metamorphosed siliciclastic to carbonate rocks which are 
rudimentary preserved beneath the Mesozoic accretionary 
wedge. This sedimentary sequence was firstly described by 
Rozlozsnik (1935) as ”Föderata serie” and was considered to 
be the Palaeozoic in age. However, the Mesozoic age was not 
excluded and sedimentary succession was supposed as a part 
of the Vepor Nappe.

Later on, the Foederata series was considered to be only Meso-
zoic in age and a cover sequence of the Vepor Unit and most 
probably proximal part of the Choč Nappe (Schönnenberg, 
1946; Kamenický, 1951). Unlike the previous works, Biely (1955) 
interpreted the Foederata cover as a fold structure and cover 
was considered to be a marginal part of the Northern Gemer 
Synclinorium (e.g., Maheľ, 1953, 1986). Likewise, Zoubek (1957) 
assumed that the Foederata series has the Gemer affinity. Moreo-
ver, Maheľ et al. (1968) gave all cover sequences lying on the 
Kráľova hoľa and Kohút crystalline basements (a.k.a. Southern 
Vepor basement) into one lithostratigraphic unit – the Struženík 
Unit. This unit was considered to be a transitional between the 
Krížna and the Choč sedimentation basins which was lying on 
the Variscan consolidated Southern Vepor crystalline basement 
(Maheľ et al., 1968).

Later, the Foederata series was codified as the Foederata 
Group (in Slovak transcription as Federátska skupina) by Vozár 
in Bajaník et al. (1983, 1984). In the area of the Muránska Planina 
Mts., the Foederata Group is similar to so-called Tuhár succes-
sion (Plašienka & Soták, 2001).

The Upper Palaeozoic–Mesozoic Foederata cover sequence 
represents the poorly preserved cover, which is composed of 
the Upper Carboniferous Slatviná Formation, Permian Rimava 
Formation, Lower Triassic clastics of Lúžna Formation, and 
a Middle to Upper Triassic carbonates (Fig. 2). Carbonate 
complex is locally regarded as the uppermost member in the 
stratigraphical succession of the Foederata cover sequence. 
This complex is strongly rauwackized, metamorphosed, and 
deformed and is located above the Permian to Lower Triassic 
siliciclastic succession (Figs. 3 and 4). The Triassic carbon-
ate complex is composed mainly of the dark grey carbonate 
(Gutenstein Fm. – Early Anisian), light grey limestone (Wet-
terstein Fm. – Late Anisian to Early Carnian), cherty Lime-
stones (Reifling/Raming limestone s.l. – Early Carnian), light 
grey-coloured limestones occasionally with cherts and shale 
intercalation (Partnach Member – Late Carnian), and grey-
coloured dolomite (Haupt Dolomite – Norian). According 
to Vojtko (2000), carbonate complex can be correlated with 
rocks of the Dobšiná tectonic half-window located north-west 
of Dobšiná town in Rožňava district.

All the rocks of the Foederata Unit are metamorphosed under 
the greenschist facies condition and underwent ductile deforma-
tion. However, they remained in a parautochthonous position 
with respect to their basement (Hók et al., 1993; Plašienka, 
1993; Vojtko, 2000, 2003; Ružička et al., 2011). Foederata Unit 
occurs in the central part of the study area and forms a NE–SW 
elongated structure (Fig. 2).

Rimava Formation (Permian)
The Rimava Fm. is composed of metamorphosed clastic sedi-
mentary succession. The succession predominantly contains 
metapsamite and occasionally metapsefite and metapelite 
(Vozárová & Vozár, 1982, 1988). In the study area the Rimava 
Fm. is considered to be the lowermost portion of the Foederata 
cover sequence while the Slatviná Fm. is not preserved. In the 
northern part, mainly in the area of the Zbojská pass (721 m 
asl.), the Rimava Fm. is composed of arkose, arkose sandstone, 
and sandy conglomerate (Fig. 2). Southwards (Plačková Valley), 
the formation dying out and it is preserved only occasionally. 
The Rimava Fm. is considered to be Permian in age based on the 
lithostratigraphic similarity with the other tectonic unit in the 
Western Carpathians and biostratigraphic data (Planderová & 
Vozárová, 1978). However, the precise dating of the formation 
is still unknown.

Lúžna Formation (Induan - Olenekian)
From the lithostratigraphic point of view the rock composition 
corresponds to the Lúžna Fm., as was described by Fejdiová 
(1980). In the area of Dielik hill (987 m asl.), the lower part of 
the sedimentary formation is composed of middle- to coarse-
grained quartzites, quartz and arkose sandstones, and graywack-
es (Figs. 2, 3, and 5A,B). Claystone intercalation, predominantly 
of green colour, begins to occur in the middle part of the strata. 
The upper part of the strata is characterized by fine- to middle-
grained quartz sandstone and purple-coloured claystone. The 
total thickness of the strata is from few metres up to 100 m in 
the Diel hill area (903 m asl.).

The upper part of the formation is composed of dark grey-
green clayey, silty, and sandy shale. In the lower part of the strata 
a well-bedded light-coloured quartz sandstone occurs (Figs. 2 
and 3). Towards to the overlying strata, a calcareous beds, also 
referred to as „carbonate phylites”, are preserved. These beds 
were first time described by Vrána (1966). This predominantly 
fine-grained strata of the Lúžna Formation is preserved only 
sporadically in the Diel hill (903 m asl.) and the Zbojská pass 
(721 m asl.). Its occurrence is mainly in the northern and south-
eastern slope of Chlipavice Hill (896 m asl.).

Gutenstein Limestone type (Anisian)
The lowest portion of carbonate succession contains light grey 
to grey limestones, having a maximum thickness of up to 5 m, 
which pass into the dark grey often laminated limestones of the 
Gutenstein type (Fig. 3). Strata is strongly affected by deforma-
tion and metamorphism. Limestone is occasionally changed to 
dark grey to black calcareous shale with newly formed clastic 
white mica. The limestone of the Gutenstein type are cropped 
out in W–E trending narrow zone in the southern slope of Diel 
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hill (903 m asl.) and in the central part of Chlipavice hill (896 
m asl.) in the west end of region (Fig. 2).

Wetterstein Limestone type (Ladinian)
The Wetterstein Limestone type is composed of light grey to grey 
limestone which occasionally alternate with pinkish limestone. 
This limestone often alternates with grey to dark grey limestone 
and sometimes it looks like grey flecked limestone (Fig. 3). They 
substitute not only vertically towards overlying strata but also 
laterally. Substitution of these layers is common and a thickness 
of alternating positions does not exceed 1–2 m. It is not possible 
to exclude that this alternation is most probably metamorphic 
origin. Macro- and microscopically they are identical with grey 
to flecked limestone in the area of Dobšinský potok stream. In 
the upper portion of the strata limestones are often affected 
by rauwackization and are substantially changed to rauwacke. 
These are, however, atectonic rauwacke which did not originate 
as a product of cataclasis. At present, the Wetterstein Limestone 
is considered to be massive limestone of the Ladinian age. In 
the field area these rocks appear mainly in the Plačková Valley, 
on the southern slope of Diel hill (903 m asl.) but they are also 
outcropped on Chlipavice hill (896 m asl.) territory (Fig. 2)

.
Reifling/Raming limestones type (Early Carnian)
The formation is formed by thick-bedded up to laminated grey to 
dark grey limestone often with cherts (Figs. 3 and 5C). The cherts 
form irregular clumps shortened in direction perpendicular to 
cleavage or individual prolate bodies in the limestone with the 
size up to 8 cm. Black coloured conodont fauna was obtained 
from samples in the southern slope of Remeta hill (888 m asl.). 
The conodonts were strongly deformed so it was not possible to 
determine species (most probably belongs to Carnian in age). 

The lower portion of the formation is composed of rauwackes 
which gradually pass into the cherty limestone. The upper por-
tion of the formation continuously passes into the overlying light 
grey limestone with shale’s intercalation. Cherty limestone are 
located on the eastern slopes of Remeta hill and in the middle 
reach of the Plačková valley (Fig. 2).

Light grey limestone with shale and Haupt dolomite 
(Late Carnian–Norian)
The presence of light grey limestone with shale is quite unique in 
the study area. However, superposition of strata directly above 
the dark grey cherty limestone and beneath the grey dolomite 
refers to Carnian in age (Figs. 2 and 3). In the field area, there 
is just a small site with such type of sedimentary strata. These 
rocks are outcropped directly in the south-eastern slope of Diel 
hill (903 m asl.).

The Haupt Dolomite Fm. consists of massive thick-bedded light 
grey dolomite, including rauwacke layer which occur together with 
beds of yellow limestone. From the superposition point of view, 
the Haupt Dolomite Fm. represents the uppermost formation of 
the Foederata cover sequence (Vojtko, 2003). In the Foederata 
Unit, younger, Jurassic sedimentary formation is not known up 
to now. On the surface, the dolomites are located in broader area 
of the Diel pass (903 m asl.), the central part of Chlipavice hill 
(896 m asl.) and the eastern slope of the Remeta hill (888 m asl.).

3.3. furmanec unit

The Furmanec Unit (correlated with the Gemer Unit – Ochtiná 
Nappe; sensu Plašienka & Soták, 2001) is a term used for palaeo-
Alpine unit which forms most internal part and structurally 
highest thick-skinned nappe of the Central Western Carpathians. 

Fig. 3. Geological cross-sections of the study area.

lithostr atigr aphy and tectonics of the eastern part of veporské vrchy mts. (western carpathians)
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The Gemer Unit has fundamentally different rock composition, 
age and/or metamorphism than the other paleo-Alpine tectonic 
units. The unit mainly consists of epi-metamorphosed (lower 
green schist facies metamorphism) volcano-sedimentary suc-
cession predominantly of Early Palaeozoic age which is thrust 
on Carboniferous to Lower Triassic cover sequences. Unlike 
the Vepor Unit, the Variscan metamorphism did not reached 
such a significant temperature-pressure degree in the Gemer 
Unit (e.g., Plašienka et al., 1997).

The Gemer Unit is built by Early Palaeozoic rock complexes 
with their Upper Palaeozoic/Mesozoic cover sequences (Ba-
janík et al., 1983, 1984; Vozárová & Vozár, 1988; Rakús et al., 
1998; Hók et al., 2001). The small tectonic slice of the Furmanec 
Unit, which occurs in the Plačková Valley (Figs. 2, 3, and 6), is 
predominantly composed of siliceous and sandy conglomerate 
with drowned clasts of quartz grains (Figs. 4 and 5D). The unit 
forms tectonic group which is underlying the “Lower” Muráň 
Nappe. In the Bánovo and Diel sites, a small occurrences of meta-
morphosed light grey to orange conglomerate with fragments of 
phyllite and quartz veins were observed. Unfortunately, a further 

detailed division was not possible due to rare occurrences of the 
tectonic unit in this area.

3.4. silica unit

The Silica Unit represents the higher-most and innermost unmet-
amorphosed nappe system in the Central Western Carpathians. 
The Silica Unit were rooted in either the southern or northern 
peripheries of the Meliatic Ocean. In spite of numerous recent 
studies, the precise palinspastic position of the Triassic carbon-
ate platforms of the Silica Unit is uncertain (Hók et al., 1995; 
Rakús, 1996; Kozur & Mock, 1973, 1987, 1997; Kovács, 1997; 
Haas et al., 1995; Kovács et al. 2010). This unit forms internally 
weakly deformed thrust nappes, cropping out in the Slovenský 
kras, Slovenský raj, Galmus, Veporské vrchy, and Muránska 
planina Mts. The Silica Unit can be subdivided into the sev-
eral partial nappes (e.g., Drienok, Muráň, Vernár, Stratená, and 
Silica nappes) and in the investigated area is represented by the 
Muráň Nappe which comprises unmetamorphosed sedimentary 
complexes of the Late Permian to Middle Jurassic. However, in 

Fig. 4. 
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the Muránska Planina Mts., studies over the last 20 years led to 
division of the Silica Unit into two subunits, namely the “Lower” 
Muráň Nappe and Muráň Nappe s.s.

3.4.1. “lower” muráň nappe

The “Lower” Muráň Nappe represents unmetamorphosed up to 
anchimetamorphosed sedimentary succession which overlies 
the Furmanec Unit or directly the Vepor Unit and is covered 
by the Muráň Nappe s.s. (Figs. 4 and 6). Based on the previous 
works the nappe is interpreted as a part of the ?Turňa Unit (cf. 
Vojtko, 2000) or as a part of the Choč or Silica nappe system, 
respectively (cf. Havrila, 1997; Mello et al., 2000a, 2000b).

In the study area, the bases of the “lower” Muráň Nappe is 
composed of Lower Triassic succession which consists of two 
lithologically different formations (Hips, 1996; Olšavský et al., 
2010). The lower portion of the nappe represents Bódvaszilas 
Formation. This sedimentary strata consists of colourful sand-
stones and purple-coloured shales, occasionally with rhyolite 
intercalation (for further information see Uher et al., 2002; On-
drejka et al., 2007, 2015). However, new geochronological data 
refers also to Permian in age of this rhyolite (Ondrejka, 2004; 

Demko & Hraško, 2013). The upper portion of the lithological 
sequence is formed by the Szins Formation comprising thick 
beds of grey to greenish marl shales with conchodial appearance. 
These formations is mainly cropping out at the western slopes of 
Remetisko Mts. (886 m asl.) up to the Zbojská pass (721 m asl.).

Towards the overlying strata a Middle to early Upper Triassic 
carbonate complex represented by dark to black-coloured lime-
stones (Gutenstein Fm.) and grey to dark limestone (Steinalm 
and Raming/Reifling fms.) occurs. The carbonate sequence is 
preserved only in the eastern portion of the study area (Figs. 2 
and 6).

3.4.2. muráň nappe s.s.

The Muráň Nappe s.s. is formed by the Middle to Upper Triassic 
carbonate platform complex which is preserved in the Kučelach 
tectonic outlier in the eastern end of the region (Figs. 2 and 6). 
The younger sedimentary strata of the Muráň nappe is not pre-
served in the mapped area.

The base of the Muráň Nappe s.s. consists of the Steinalm 
Limestone (Late Anisian) which is covered by the Wetterstein 
Limestone (Ladinian), and both represent identical facies. The 

Fig. 5. The Foederata Group and Furmanec Unit field photos. A) the Zbojská abandoned quarry in the Lower Triassic Lúžna Formation of the Foederata 

cover sequence; B) macrophotograph of the Lúžna Formation; C) macrophotograph of the metamophosed cherty limestone – Reigling type from the 

Foederata cover sequence; D) macrophoto of metamorphosed polymictit conglomerate of the Furmanec Unit (? Carboniferous).

lithostr atigr aphy and tectonics of the eastern part of veporské vrchy mts. (western carpathians)



120

Steinalm Limestone are characterized by frequent crinoids and 
small breccia clasts with dasycladaceae of the genus Physoporella. 
In the study area, the Steinalm Limestone occur only at the 
western slopes of the Furmanec Valley and at the eastern slope 
of Remetisko hill (886 m asl.).

The Wetterstein Fm. forms main part of the Kučelach tectonic 
outlier. The light grey coloured formation is characterized by 
relative common presence of Diplopora anulata and Teutloporella 
herculea dasycladaceae. The limestone is often dolomitized and 
dolomite forms lithostratigraphic lenses. Towards the overlying 
strata, the Wetterstein Limestone is gradually changing to Wet-
terstein Dolomite, cropping out at the Furmanec Valley. This 

dolomite is characterized by light grey to grey colour, rarely 
dark colour, and massive or cucrozic texture. Bedding is well-
developed and it is emphasized by alternation of dark and light 
lamination (Fig. 4).

3.5. horehronie sequence

In the study area Palaeogene sediments are extended only 
sporadically and represent erosive remnants of transitive 
sedimentary succession (Horehronie sequence) between the 
Central Carpathian Palaeogene Basin located in the north and 
the Buda Basin located in the south. These sediments crop out 

Fig. 6. Tectonic map of the Dielik (987 m asl.) and Remetisko (886 m asl.) hills and surrounding area.

acta geologica slovaca, 7(2), 2015, 113–127
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at the Zbojská pass (721 m asl.) and in the bedrock of upper 
reach of Furmanec stream. In the bedrock of Furmanec stream, 
coarse-grained transgressive conglomerate with intercalation 
of fine-grained claystons were documented. The conglomerate 
consists mainly of the Vepor crystalline and Foederata cover 
sequence pebbles (predominantly metamorphosed quartzite 
with well-developed Alpine metamorphic foliation of the Lúžna 
Fm.). The size of pebbles reached from a few centimetres up 
to 50 cm.

The lowermost sedimentary succession of the Horehronie 
sequence is represented by shallow-marine deposits of the Borové 
Fm. (Figs. 2 and 6). This deposit is formed by coarse-grained 
conglomerate and sandstone reaching thickness of a few meters 
up to 25 m. Stratigraphically the formation is considered to be 
the Late Eocene in age (Priabonian) which is indirectly derived 
from the known stratigraphic age of overlying claystone strata 
(Soták et al., 2005).

The Oligocene Huty Fm. represents the uppermost sedimen-
tary succession of the Horehronie sequence (Figs. 2 and 4). The 
formation comprises mostly fine-grained deep water deposit 
which is formed by intercalation of thick-bedded calcareous 
claystone with thin-bedded conglomerate, sandstone, and silt-
stone. In the study area, a total thickness of deposit is reaching 
tens of meters. Towards the north-west the total thickness of 
preserved sedimentary strata reached more than 350 m which 
was proved by borehole exploration (e.g., Pulec, 1966).

3.6. neogene vepor stratovolcano

Neogene Vepor Stratovolcano of Sarmatian age (Konečný et 
al., 2011, 2015) was observed in the broader area between Tisovec 
and Brezno towns. The area of the central volcanic zone, the 
so-called Tisovec intrusive complex, consists of various types 

of andesite necks and dykes from acid to mafic composition and 
diorite stocks and necks (Bacsó, 1964; Konečný et al., 2015).

The subvolcanic levels expected in the Neogene Vepor Stra-
tovolcano were eroded due to the Late Miocene to Quaternary 
exhumation in the Veporské vrchy Mts. Therefore, characteristic 
morphological features of the stratovolcano has been removed by 
erosion. These processes created unique conditions for study of 
volcanic and geological relations of the deposits and the deeper 
levels of the volcano-plutonic complex at the surface which are 
described in detail in the work of Konečný et al. (2015). In the 
eastern part of the field area extrusive body of amphibole andesite 
with garnet (Fig. 2), so-called Pálenica extrusive complex (cf. 
Konečný et al., 2015) occurs.

3.7. Quaternary deposits

Quaternary sediments are represented by Holocene alluvial to 
fluvial deposits which are located in the valleys of Svetlá, Fur-
manec, and Plačková streams (Fig. 2). They are composed of 
coarse-grained gravels with intercalation of sand and clay. Other 
observed Quaternary sediments are proluvial to debris (slope) 
sediments, occasionally also alluvial fans with gravels, sands, 
and clays of Pleistocene in age.

4.  tectonic interpr etation and 
discussion

Geological structure and tectonic evolution was interpreted on 
the basis of field work – geological mapping, structural research, 
and sampling. The investigated area has a complex geological 
structure. The area is built up by several tectonic units which are 
different from each other in certain aspects, such as lithological 

Fig. 7. Tectonograms of 

metamorphic foliation 

measured in the Vepor 

crystalline basement 

and Foederata cover 

sequence: a) contour 

plot of metamorphic fo-

liation in the basement 

(9 data); b) contour plot 

of metamorphic folia-

tion in the Foederata 

cover sequence (35 

data); c) rose diagram 

of strikes and dips of 

metamorphic foliation 

in the basement (9 

data); d) rose diagram 

of strikes and dips of 

metamorphic foliation 

in the Foederata cover 

sequence (35 data).
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composition, metamorphic, and tectonic overprint as well as 
their geological evolution. In terms of tectonics these units can 
be divided into two main groups. The first group covers the 
palaeo-Alpine nappe pile with metamorphic overprint recorded 
on the development of penetrative foliation and lineation (the 
Vepor and Furmanec units; Fig. 7) and superficial nappe stack 
(„Lower“ Muráň Nappe and Muráň Nappe s.s.) without any 
metamorphic overprint. The second group is characterized by 
post-nappe deposition of Upper Palaeogene to Lower Neogene 
sedimentary succession belonging to the Horehronie sequence 
and by Middle Miocene volcanism (Fig. 6).

Based on the obtained results from the field area, the basement 
is formed by Vepor granite rocks represented by the Kráľova hoľa 
Nappe. The crystalline basement is directly covered by the Foed-
erata cover sequence with a stratigraphic range from the Permian 
to Late Triassic, determined by a lithostratigraphic comparison 
with similar strata of other palaeo-Alpine unmetamorphosed 
tectonic units of the Western Carpathians. Moreover, biostrati-
graphic data are not informative about the lithostratigraphic 
age of the Foederata sedimentary strata. Stratigraphically, only 
cherty limestone of the cover sequence from the Dobšiná and 
Tuhár regions were confirmed by conodonta fauna (Straka, 
1981). Presence of Jurassic members is not known from the 
Foederata cover sequence in the whole Vepor Unit.

The principal benefit of this research was not only detailed 
division of the Foederata sedimentary strata but also earmarking 
of sedimentary deposits (?Carboniferous) which most probably 
belong to the Furmanec Unit. Occurrences of polymictic con-
glomerates with intercalation of black slate may be seen only 

in an outcrops along the forest road going from the forester’s 
lodge Pod Dielom towards the Diel pass, directly under remote 
high voltage power lines. Based on lithostratigraphic composi-
tion and tectonic position (over the Foederata cover sequence 
and beneath the “Lower” Muráň Nappe), these deposits were 
included into the Furmanec Unit which is correlated with the 
Gemer Unit – Ochtiná Nappe (sensu Plašienka & Soták, 2001). 
However, there is no stratigraphic control of this Carboniferous 
sedimentary sequence. For this reason, another tectonic inter-
pretation cannot be excluded and this problem still remains an 
open question. Currently, it is the most north-western (most 
external) occurrence of rocks with the Gemer affinity in the 
Central Western Carpathians.

The “Lower” Muráň Nappe is thrust on metamorphosed and 
strongly deformed ductile tectonic units such as the Vepor and 
Furmanec units with considerable structural and metamorphic 
gap (Fig. 6). Stratigraphic range of the nappe is Early to Late Tri-
assic but its tectonic affiliation still remain considerably problem-
atic. From geological point of view the nappe might be included 
into: i) Hron Unit (e.g., Vozárová & Vozár, 1988); ii) Turňa Unit 
(cf. Vojtko, 1999ª, 2000); iii) Silica Unit (Havrila, 1997) and iv) 
Vernár Unit (Hók et al., 2004). At present, it is not possible to 
clearly include the nappe in one of these tectonic units.

Structurally, the Silica Unit (Muráň Nappe s.s.) represents 
the highest tectonic unit in the study area (Fig. 6). The Muráň 
Nappe s.s. is outcropped in the eastern part of the mapped area 
with confirmed stratigraphic range from Anisian to Carnian 
(Klinec, 1976; Vojtko, 1999ª, 2000). Current knowledge of this 
Triassic strata clearly refers to its Silica origin.

Fig. 8. General model 

of tectonic evolution 

since Late Jurassic. 

Explanations: A) 

Late Jurassic to Early 

Cretaceous tectonic 

scenario – evolution of 

Mesozoic accretionary 

wedge with nappe stack-

ing which is thrust on the 

Vepor Unit northwest-

ward; B) Early Miocene tec-

tonic scenario with sealed 

palaeo-Alpine nappe 

stack by the Late Eocene 

to Late Oligocene strata; 

C) Pliocene to Quaternary 

tectonic scenario rep-

resented by erosional 

base level with preserved 

palaeo-Alpine nappe 

stack and the Horehronie 

sequences which are cut 

by Sarmatian subvolcanic 

andesite bodies.
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4.1. palaeo-alpine tectonic evolution

The Alpine compressional evolution and burial of the Vepor Unit 
started in the Late Jurrasic/Early Cretaceous after the closure of 
the Jurassic Meliata Ocean (Kozur & Mock, 1973; Dallmeyer 
et al., 1993; Maluski et al., 1993; Faryad & Henjes-Kunst, 1997; 
Árkai et al., 2003; Putiš et al., 2014, 2015). Closure of the Meliata 
Ocean is documented by radiometric dating of glaucophane in 
the Bôrka Nappe (Faryad, 1995a, 1995b) and by the youngest 
known sedimentary strata from the Silica and Meliatic units (cf. 
Mello et al., 1997, 2000a,2000b; Bezák et al., 1999a,1999b). The 
Eo-Alpine Cretaceous convergence in the Western Carpathians 
documents northward (in present coordinates) propagating 
nappe stacking of the major crustal-scale units, Gemer, Vepor, 
and Tatra-Fatra (e.g., Tomek, 1993; Plašienka et al., 1997; Froit-
zheim et al., 2008; Putiš et al., 2009, 2014; Hók et al., 2013). 
This process caused individualization of palaeo-Alpine tectonic 
units (nappe bodies) which form the main structure of the study 
area (Fig. 8A).

Compression stage related to maximal burial in the Vepor 
Unit culminated in time span of ~ 110–95 Ma (40Ar/39Ar and 
K-Ar ages) under green-schist to amphibolite facies metamorphic 
conditions (Maluski et al., 1993; Kováčik et al., 1996, 1997; Janák 
et al., 2001; Lupták et al., 2003; Jeřábek et al., 2008). The lateral 
orogen-parallel extension of the Vepor Unit finished at the latest 
by 97 Ma, which is suggested by the post-kinematic growth of 
monazite in the southern Foederata cover sequences dated by 
the laser ablation ICP-MS method (cf. Bukovská et al., 2013).

Exhumation of the Vepor Unit from beneath the Gemer, Meli-
atic, and Silica nappe systems most likely reflects an underthrust-
ing of the Tatra-Fatra basement southward. The exhumation of 
the Vepor dome led to unroofing and eastwards movement of 
the overlying rock sequences (Fig. 7). Extensional movement of 
the individual segments was realized on low-angle normal listric 
fault shear zones (Hók et al., 1993; Plašienka, 1993; Madarás et 
al., 1996; Jeřábek et al., 2012).

Exhumation of the Vepor Unit is documented by zircon 
fission-track ages of 75–65 Ma and apatite fission-track ages of 
63–55 Ma indicating rapid to moderate cooling phase during 
the Late Cretaceous to Early Palaeocene followed by moderate 
to slow cooling phase from the Late Palaeocene to Eocene (cf. 
Kráľ, 1977; Kováč et al., 1994; Plašienka et al., 2007; Vojtko et 
al., 2013, 2015 in press). On the basis of the Late Eocene (Pria-
bonian) onset of the new sedimentary cycle, the exhumation 
process terminated during the Bartonian.

4.2. neo-alpine tectonic evolution

The neo-Alpine tectonic stage covers the period from the Late 
Palaeocene to Quaternary immediately after exhumation of 
the Vepor metamorphic dome. During the Late Cretaceous to 
Early Palaeocene the study area was exhumed up to the present 
day form (for further information see Vojtko et al., 2013, 2015 
in press). In the Late Eocene to Early Miocene the Vepor exhu-
mation was replaced by new sedimentary cycle of the Central 
Carpathian Palaeogene Basin and/or the Buda Basin system. 
Palaeo-Alpine nappe stack was covered with tenuously defined 

sedimentary sequences named as the Horehronie sequence 
(Fig. 8B). This sedimentary sequence can be proved by preserved 
Late Eocene (Priabonian) to Late Oligocene sedimentary se-
quence on the palaeo-Alpine nappe stack in the broader area of 
the Zbojská pass (721 m asl.). In addition, given sediments are 
preserved in the Brezno and Horehronie depressions (Pulec, 
1966; Klinec, 1976), at the top of Magnet hill (964 m asl.;Vojtko, 
2000; Plašienka & Soták, 2001; Soták et al., 2005). In the area of 
Zbojská pass (721 m asl.), the identified sedimentary strata was 
considered to be a part of the Central Carpathian Palaeogene 
Basin (e.g., Maheľ et al., 1964, 1968; Pulec, 1966), but connection 
with the Buda Basin was not eliminated (Soták et al., 2005). In 
the Zbojská pass (721 m asl.), the sedimentary strata comprises 
mostly conglomerates and breccia and represent transgressive 
deposits of the Borové Fm. Pebbles consist mainly of quartzites, 
arkose, different kind of metamorphosed and unmetamorphosed 
dolomite and limestone, fewer shale and extremely rare of crys-
talline rocks (granite rocks). The pebble material of quartzite and 
arkose has very well-developed planar anisotropy (cleavage) and 
some stretching lineations are strikingly similar to the quartzite 
and arkose of the Foederata cover sequence. It means that the 
exhumation of the Vepor Unit caused exposing of the Foederata 
cover sequence and most probably also crystalline basement on 
the surface. The Borové Fm. continuously passes to the clay-
stone and siltstone, probably belonging to the Huty Fm. After 
sedimentation of the Upper Eocene to Lower Miocene deposit, 
erosion took place resulting to almost complete denudation of 
this sedimentary strata. In present, Upper Eocene to earliest Up-
per Oligocene are preserved only in the area of the Zbojská pass 
(721 m asl.). It is expected that younger sedimentary sequence 
has been removed by erosion.

Early to Middle Miocene erosion exposed again the palaeo-
Alpine nappe pile which was subsequently buried under andesite 
volcanic products of the Neogene Vepor Stratovolcano dur-
ing the Sarmatian in age (cf. Konečný et al., 2011, 2015). In the 
study area, the products of Sarmatian volcanism (andesite) were 
mapped in the Furmanec valley where andesite were mined in 
a quarry (Fig. 8C).

After the volcanic activity, a significant erosion started again 
and led to removing of almost all Sarmatian rocks of volcanic 
conus, with a few exceptions preserved outside the study area 
(for further information see Konečný et al., 2015).

The palaeo-Alpine nappe stack in the investigated area is the 
result of the relative downward movement of the northwestern 
hanging wall along the fault that surrounds the geological struc-
ture from the southern side. Therefore, the Kučelach tectonic 
outlier can be interpreted as the NE–SW oriented asymmetric 
half-graben developed along the transtensive strike-slip fault zone 
where the nappe stack of the palaeo-Alpine tectonic units (Ve-
por, Furmanec (Gemer), Silica units) and Cenozoic post-nappe 
sedimentary formation (Horehronie sequence) were preserved. 
All of the above mentioned structural elements are located in the 
northwestern drooping block of the asymmetric graben. The only 
exceptions are preserved deposits of the Foederata cover sequence 
on the southern block at the Tisovec–Brezno railway cutting 
(note: occurrence not recorded in any previous geological works). 
Their tectonic position is exceptional and hardly interpretable, 
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also because of the significant covering by Quaternary deposits. 
Probably it is a small buried block in-between crystalline base-
ment. However this question remained unanswered.

5. conclusion

The study area includes the western part of the Kučelach tectonic 
outlier located 8 km north-west of Tisovec town, where several 
units/subunits were identified. There are: (a) Variscan crystalline 
basement of the Vepor Unit; (b) the Foederata cover sequence 
of the Vepor Unit; (c) the Furmanec Unit with tectonic affinity 
to the Gemer Unit; (d) the “Lower” Muráň Nappe with tectonic 
affinity to the Silica Unit (e) the Muráň Nappe s.s. of the Silica 
Unit; (f) the Horehronie sequence with transitional sedimentary 
succession between the Central Carpathian Palaeogene Basin 
and the Buda Basin; and (g) the Neogene Vepor Stratovolcano 
of Sarmatian in age.

By complex geological research (geological mapping, structur-
al analysis) a detailed characteristic of the Palaeo-Alpine nappe 
stack was distinguished. Observed degree of metamorphosis led 
to different reheating and deformation of individual tectonic 
units. The first group of tectonic units can be characterised by 
Alpine metamorphic overprint and significant ductile deforma-
tion of the Vepor Unit and newly determined the Furmanec Unit. 
This division of the Furmanec Unit was carried out by its tectonic 
position and lithological correlation with a Carboniferous sedi-
mentary sequence. Therefore, this unit is considered to be the 
Gemer affinity. However, the exact integration of the Furmanec 
Unit to the known Palaeo-Alpine units was not possible due to 
absence of biostratigraphic data but the Hronic closeness cannot 
be excluded. Based on the lithological observation, the Foed-
erata cover sequence has stratigraphic range of Permian to Late 
Triassic with preserved whole known sedimentary succession.

The palaeo-Alpine nappe stack of the investigated area is also 
formed by unmetamorphosed nappe pile formerly belonging 
to the Silica Unit – Muráň Nappe. However, based on the field 
research. the division of the Muráň Nappe into the two individual 
nappes (the “Lower” Muráň Nappe and Muráň Nappe s.s.) can 
be assumed. Consideration of the “Lower” Muráň Nappe as an 
independent nappe structure was based on lithostratigraphic 
criteria. Unfortunately, the lack of geological data does not allow 
to incorporate the unit to any known Palaeo-Alpine tectonic 
units of the Western Carpathians. Conditionally, this nappe is 
suggested to be a part of the Silica Unit.

The aforementioned palaeo-Alpine nappe structure is sealed 
by the Upper Eocene to Oligocene deposits which are preserved 
only as an erosive remnants of the Horehronie sequence. From 
lithostratigraphical and biostratigraphical point of view, the 
sedimentary sequence is interpreted as a transitive sedimentary 
succession between the Central Carpathian Palaeogene Basin 
located in the north and the Buda Basin located in the south.

In addition, presented detailed field research provides basis 
for further geological study in the Kučelach tectonic outlier. 
Therefore, a new research which will be supplemented by bi-
ostratigraphical evaluation of the strata and detailed structural 
study is required to solve unanswered questions.
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