Slovak Geol. Mag., 18, 1 (2018), 5 — 68

1. Information System of Important Geosites in the Slovak Republic

PAVEL LISCAK & MIROSLAV ANTALIK

State Geological Institute of Dionyz Stir, Mlynska dolina, Bratislava, Slovak Republic, pavel.liscak@geology.sk

Abstract: Most of the Slovak geosites are not protected by
law, but from a scientific and academic point of view many of
them are extremely valuable geological objects, which should
be maintained for future generations as geological heritage.
Within the period of 2008 — 2011 in the scope of the project of
Information system of important geosites in Slovakia a database
of 480 geosites was elaborated at SGIDS. Later on, in 2014,
the web application database was developed in the scope of the
SGIDS project GEOIS. Each record of the database contains
geological description of the site in detail, degree and the
reason for its protection, location within the tourist map and the
geological map at scale 1 : 50,000, graphic documentation in the
form of photographs, drawings and contemporary postcards and
references. The popular texts are provided both in Slovak and
English.
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1.1 Introduction

For the last 3 decades, there has been a continuously
increasing interest for geological heritage, its assessment,
protection and promotion, in various parts of the world.
The European countries have carried out national geosite
inventories as a basis for their geoconservation policy
(Wimbledon & Smith-Meyer, 2012). Various international
associations also developed guidelines for inventorying
and managing geoheritage. This is the case of ProGEO
— The European Association for the Conservation of the
Geological Heritage (ProGeo, 2011) or the Global geosites
inventory (Wimbledon, 1996; Wimbledon et al., 1999),
launched by the International Union of Geological
Sciences (IUGS), but unfortunately interrupted in 2003.
The establishment of the Heritage Sites and Collections
Subcommission (HSCS), as an integral part of the
International Commission on Geoheritage (ICG) at the
35th International Geological Congress (Cape Town,
South Africa) in 2016, has enabled the IUGS to take a
leadership role in addressing geoheritage issues at world-
wide scale. Nevertheless, world-wide, very few countries
have completed a national inventory to date (see http://
geoheritage-iugs.mnhn.fr/, accessed 19/01/2018). Accor-
ding to IUGS data among the European countries the
national geoheritage inventories have been completed in
Croatia, Czech Republic, Estonia, Finland, France, Iceland,
Ireland, Italy, Lithuania, Spain, Slovakia, Switzerland,
United Kingdom. Further countries with the national
geoheritage inventories are Australia, Brazil, Canada, New
Zealand, South Africa.

Also the International Association of Geomorphologists
(IAG) formed a specific working group on Geomorphosites
in 2001 (Reynard & Coratza, 2013), which deals with
geomorphological  heritage issues, in particular
methodological ones. More in general, the World Heritage
Convention, signed in 1972, allowed the classification of
more than 180 geological sites (Migon, 2009), and the
Geoparks initiative (Zouros, 2004) which started in 2000,
allowed a better knowledge and evaluation of geoheritage
at the regional scale.

Slovakia has developed a geosite inventory at a national
level since the 1950s. The Slovak geoheritage has been
inventoried and revised recently, recognising 480 geosites
of national importance (Lis¢ak et al., 2012).

1.2 Geological Setting of Slovakia (in brief)

Thanks to a varied geological structure and complex
geomorphological evolution Slovakia is rich in geosites.

The Western Carpathians are mountain range with very
complicated structural tectonical and geomorphological
evolution. They are component of Alpine-Carpathian
mountain system. In the Carpathian mountain range the
rocks are present, which accrue in an immense time span
of geological time from the oldest, dating back over 600
millions of years, until the youngest, which have been
formed recently (river deposits, weathering scree, various
debris, loams and other).

The geological map, regardless of the scale, reflects
the age of the rocks emphasized by colour difference.
Usually the oldest rocks are characterized by the darkest
colours. The younger the rocks are, the brighter shades
are used. The geological structure of our territory is made
up of the Outer and Inner Carpathians separated by the
Klippen Belt. The oldest rocks in the territory of Slovakia
are metamorphosed rocks. Originally, they had been
several kilometres thick sediments, which had deposited
at the bottom of the primeval ocean, mainly in the period
of older Palacozoic and maybe even earlier (roughly in the
period some 600 — 400 million years ago). In the wake
of primeval Carpathians, these sediments had sunk to the
depths of the Earth’s crust; in the zone of the increased
pressure and temperature they had turned into schists. At
the same time part of these rocks in the zones with the
highest temperature were melting, creating a magma,
which after cooling and solidification created a colourful
mosaic of granite (granitoid) varieties of rocks. In the
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subsequent movements of the Crust these rocks were
uplifted and denuded thanks to deep weathering/erosion
processes. To date, they form the central (core) parts of the
Mal¢ Karpaty, Povazsky Inovec, Tribe¢, Strazovské vrchy,
Vysoké and Nizke Tatry, Mala and Velké Fatra, Ziar and
Branisko Mts.; therefore we call them Core Mountains. The
magmatic rocks were formed during the whole period of
Palacozoic, but mainly in the period of Younger Palacozoic
(350 — 300 million years). In the next period the territory
of this primeval mountain range was peneplained and
later submerged in the ocean. Carbonatic Mesozoic rocks
(limestones and dolomites) deposited dominantly. These
rocks were later folded due to pressure from the African
Plate upon the European Platform and the secondary
Carpathian Mountains evolved. After uplifts and sinks of
the Crust blocks in the Tertiary period (Palacogene) these
rocks were, along with the older ones, uncovered. After
their partial subsidence and partial peneplanation, sand,
gravel and clay sediments deposited upon them within
Young Tertiary (Neogene) seas, and freshwater lakes. The
Neogene sediments have been preserved in depressions
(lowlands and intermountainous basins). The movements
of blocks along the faults were accompanied by an intense
volcanic activity, the maximum of which fell within a period
of approximately 10 — 13 mil. years. Some volcanoes were
extinct merely one million year ago, the youngest had
been extinct approximately 120,000 years ago (Putikov
visok). At the beginning of the Quaternary period (approx.
2.5 million years ago), a variable thick sheet of the
Quaternary deposits of different types evolved on the above
rocks, in the terrestrial environment exclusively. They are
formed of weathering scree, in particular upon granitoid
and carbonate rocks of the Slovak Core Mountains. Their
flanks are covered by coluvial deposits. The southwestern
part of Slovakia is typical of eolian Quaternary sediments
of loess, loess loams and sands. Along the streams alluvial
sediments — sands and gravels — have been deposited in the
form of fluvial plains, alluvial cones and river terraces. In
the Vysoké and Nizke Tatry, Velka and Mala Fatra Mts.,
during the glaciation periods glacial sediments evolved.
In several areas of Slovakia travertines have been formed
along the faults.

1.3 Protection status of geosites in Slovakia

Nature protection in the Slovak Republic dates
back to Medieval times and the feudal ownership of
lands. The first protected territory in today’s Slovakia
was Kvetnica, a natural protected reserve in the glacial
Velicka Valley of the Vysoké Tatry Mts. The core part of
the Vysoké Tatry Mts. became the first National Park in
Slovakia, established in 1949. Recently, the protection of
nature has been legally regulated through the Nature and
Landscape Protection Act. A new executive decree to the
act came in 2003 (Decree of MoE SR No. 24/2003 Coll.)
implementing some of its provisions (technicalities of
nature protection, list of protected species of biota along
with their appreciation).

Two larger areas of extraordinary geological signi-
ficance are inscribed as World Heritage Sites under the

Convention on the Protection of World Cultural and
Natural Heritage (UNESCO,).

The first one is the “Historic Mining Town of Banska
Stiavnica (Chemnitz)” and its vicinity, covering an area of
20,632 ha with a buffer zone (62,128 ha). It was inscribed on
the List on 11" December 1993. The area contains several
sites of international (world-wide and European) interest
in the sphere of mining and metallurgy, both scientifically
as well as for education. For instance, [mine] blasting with
explosives was carried out here for the first time on 8" of
February 1627 by the Tyrolean miner Gaspar Weindl, in
the Daniel cross-cut of the Upper Bieber Gallery. This
event was recorded in the protocol of the Banska Stiavnica
Mining Court No.7 dated 1627: “official commission
convinced themselves about the effects of the first mining
blasting and found that the blast was successful, smoke
dissipated and timber support was not damaged” (Durbak
et al., 2002). In 1762, the world’s first technical college
of mining — the Mining Academy — was established in the
area.

The second large territory on the UNESCO List are
the “Caves of the Slovak and Aggtelek Karst”’. Within the
territory of 56,650.57 ha and its buffer zone (86,797.33
ha) there are listed 712 caves and further karst objects,
for instance the Ochtinskd Aragonite Cave, Domica
Cave, Gombasecka Cave and Jasovska Cave, DobSinska
Ice Cave. The Slovak part of this cross-border UNESCO
World Heritage includes 4 territories: Dobsinska Ice Cave,
Koniar Plateau, PleSivec Plateau, and neighbourhood of
Silica and Jasov in Slovakia. The file of listed caves presents
an exceptional example of ongoing geological processes
and significant geomorphic features. Their main attributes
are genetic and morphological diversity, variability of
dripstone, exceptional density of representative types of
caves in the temperate climatic zone and the occurrence of
rare underground animals and archaeological finds.

Under the Protection of Nature and Landscape Act
(Law 543/2002 Coll. of 25 June 2002), § 17 Protected
Areas and their Protective Zones, there are listed large-
scale and small-scale areas of nature protection in the
Slovak Republic. These are sites containing habitats
of Community (European) importance and habitats of
national importance, habitats of species of European
importance, habitats of species of national importance and
habitats of birds, including migratory species, on which
protected areas, significant landscape features, natural
habitats or nature objects, can be declared as protected
areas:

a) protected landscape area (§ 18),

b) national park (§ 19),

c) protected area (§ 21),

d) nature reserve, national nature reserve (§ 22),

e) natural monument, national natural monument

(§ 23, § 24 paragraph 3),
f) protected landscape element (§ 25),
g) protected bird area (§ 26).

The total area of 9 National Parks (protected buffer
zones included) and 14 Protected Landscape Areas
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Fig. 1.1 Tectonic scheme of the Slovak part of the Western Carpathians (Hok et al., 2014)
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Tab. 1.1 Nature protected areas in the Slovak Republic (as of December 31, 2018: source SOP SR) http://www.sopsr.sk/web/?cl=114
Category No. Area of protected area (ha) bA:;:rosz);&t: c(:le;i)
Large scale areas
Protected Landscape Area 14 522,581.5090 -
National Park 9 317,540.5726 262,591.3307
Total 23 840 471 262,591.3307

Small-scale areas

Protected Site 172 11,015 2,425
National Nature Reserve 209 80,776 2,239
Nature Reserve (including 2 private) 384 14,222 301
National Nature Landmark (without caves 1 59 27
and waterfalls)
National Nature Landmark — caves 44 0 3,055
National Nature Landmark — waterfalls 5 0 0
Nature Landmark (without caves and 217 1,525 207
waterfalls)
Nature Landmark — show caves 45 31
Nature Landmark — other caves 9 261
Total 1097 107,599 8,545

*The protected buffer zone has normally a level of protection one level lower than the core protected area.

Tab. 1.2 Overview of protected areas in the Slovak Republic according to protection types and levels (as of December 31, 2018: source

SOP SR)

LD O Category Area (ha) % of the SR

level

Level 1 “Open landscape* 3,764,328 76.77

Level 2 Protected Landscape Areas and National Park buffer zones 759,383 15.49

Level 3 National Parks, Protected area, and various buffer zones 268,150 547
zones C
National Nature Reserves, Nature Reserves, Natural Nature Landmarks,

Level 4 Natural Landmarks and various buffer zones 18,356 0.37
National Nature Reserves, Nature Reserves, Natural Nature Landmarks,

Level 5 : 93,183 1.90
Natural Landmarks and various buffer zones

Level2-5 Legally protected areas classified by protection level 1,139,072 23.23

(Tab. 1.1) represents 22.49% (1,102,713 ha) of Slovakia
(4,903,500 ha). In addition 1097 small-sized protected
territories (Tab. 1.1) under the 3 to 5" levels of protection
(see below) take up 2.25 % of the country.

The small-scale protected areas may exist within
National Parks and Protected Landscape Areas. Within the
existing Protected Landscape Areas there are 249 small-
scale protected areas (SSPA) covering an area (included
buffer zones) 12,689 ha (2.43 % of the PLA territory),
194 small-scale protected areas within National Parks
(68,424 ha, 21.55 % of the NP territory) and 70 small-scale
protected areas within buffer zones National Parks (2,487
ha, 0.95 %).

The nature protection level is divided into 5 categories
where level 1 is general open landscape covering nearly
77% of the country, while levels 2 — 5 indicating the
level of protection can be called legally protected areas
(Tab. 1.2). Within the open landscape there are 584 small
protected areas covering (included buffer zones) 32,475 ha
(0.86 % of the area open landscape).

Geological sites protection

In the Nature and Landscape Protection Act geosites are
not mentioned as such, but the act use the term geological
objects at many places. The general provisions of this act,
§2, point 2 states:

— section b: the ecosystem compounds rocks and raw
minerals, morphology, soil, are identified beside
the others; they are composed of various elements,
which are plants and living animals, rocks,
minerals, fossils, morphology forms, soil types,
lakes, springs, ponors, geysers.

— section c: important landscape type is such a part
of the territory, which creates a typical landscape or
it contributes to its ecological stability; among the
geological elements are peatbog, cliff, gorge, block
sea, sand dune are stated.

In its further provisions, the Act distinguishes between
territory and species protection.
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Territory protection

As the geosite is not generally mentioned in the Act,
it is necessary to see what sort of registred geosites exist
within the system of protected sites. A rough estimate can
be retrieved from the Database of Important Geosites of
Slovakia (Liscak et al., 2012).

Tab. 1.3 Registered geosites (Lis¢ak et al., 2012) within protected
areas in Slovakia

Category Number of sites
Natural Park 98
Protected Landscape Area 93
National Natural Landmark 26
Natural Landmark 47
National Natural Reserve 44
Natural Reserve 26
Protected Areal 1

However, this is not a complete list. For instance all
caves and waterfalls are protected as (national) natural
landmarks (see the text below) and some mining elements
are protected as natural cultural landmarks.

1.4 Database of important geosites

The variegated geological setting of Slovakia offers
numerous geosites which are predestined to become a
component of the nature heritage in Slovakia. Some of
the geosites are already protected under Law 543/2002
Coll. of June 25, 2002 on the Protection of Nature and
Landscape as small-scale protected areas: National
Natural Landmarks (NNLs), Natural Landmarks (NLs),
National Nature Reserves (NNRs) and Nature Reserves
(NRs). Many of geosites are protected within large-scale
protected areas — National Parks (NPs) and Protected
Landscape Areas (PLAs); some of them have been even
declared by the Convention on the Protection of World
Cultural and Natural Heritage.

There are already 3 geoparks operated in Slovakia
(http://www.geopark.sk/en/geoparks-network-of-the-
slovak-republic/), one of them - Novohrad-Nograd
Geopark is one of the first cross-border (Slovakia/
Hungary) geoparks out of the existing 120 geoparks across
the world.

Yet, most of the stratigraphic and palaeontological sites
are not protected by law. Moreover, the Slovak education
system at elementary and high school lacks of the subject
geology. The downwarding trend in the geological
knowledge level of the Slovak population is reflected in
degrading perception of the environmental links among
the compounds of the landscape — rocks, water, soil,
atmosphere, and biota. Therefore it was desirable to create
a geosites database which should identify the geological
peculiarities in our country, to recognize their recent
physical status, to assess their scientific-educational
value and, finally to give recommendations for geosites
protection.

| 9

Within the period of 2008 — 2011 the State Geological
Institute of Dionyz Stur in Bratislava (SGIDS) solved
a geological project Database of important geological
sites of the Slovak Republic. The aim was to create an
open file of the sites of geological heritage of the Slovak
Republic.

At the project beginning a team of main authors
(editors) was established for various special topics of
geological sites, of which the number have reached 11.
It was the task of the editors on the basis of their own
erudition and the study of relevant literature, in particular
of already issued Geological guides and Explanations to
geological maps at the scale 1 : 50,000, and also on the
basis of consultations with a broad community to propose
a basic set of sites of the geological heritage of the Slovak
Republic. A groundwork provided also publications
devoted to these issues, mainly under the umbrella of
PROGEO (Wimbledon et al., 1998), or others (Lis¢ak et
al., 2002, Jelen & Galvanek, 2009).

By 31/12/2017 the database has included 480 sites,
which are divided into 11 categories according to their
thematic scope. The database affix is the Map of important
geological sites which has been published on the SGIDS
website https://www.geology.sk/maps-and-data/mapovy-
portal/educational-geology/important-geological-
sites/?lang=en. In order to attract a wider professional
and amateur public information was issued on the project
objectives in Enviromagazin No 5, Edition 2008/13
(Liscak, 2008) and a presentation poster was completed
to the project; this poster was installed in the Slovak
National Museum, in the framework of the exhibition
“International Year of Planet Earth” which was hosted
in the period of 2008 — 2012 by several nature museums
across Slovakia.

The criteria for the geosites selection were as follows:

+ representativeness and rarity,

 degree of site protection,

* visibility,

 accessibility of the site.

The following team of specialists from relevant
geological organization took part in the project:

61 Sites of Palacozoic Metamorphites, labelled V- (Prof.
RNDr. Anna Vozarovd, DrSc.**, co-author Ing.
Zoltan Németh, PhD.*);

19 Sites of Magmatites and Tectonics, labelled JM- (RNDr.
Jan Madaras, PhD.*);

78 Mesozoic Sites, labelled RA-, V- (Assoc. Prof. RNDr.
Roman Aubrecht, PhD.**, co-author Prof. RNDr. Anna
Vozarova, DrSc.);

18 Palacogene Sites, labelled Np- (RNDr. Alexander
Nagy, CSc.*, co-author "Ing. Martin Kovagik*);

17 Neogene Sites, labelled Nn- (RNDr. Alexander Nagy,
CSc.*, co-authors RNDr. Ivan Barath, CSc.*, RNDr.
Adriena Zlinska, PhD.*);

88 Sites of Neogene Volcanites, labelled JL-, VK-, LS
(RNDr. Jaroslav Lexa, CSc.***, co-authors '/RNDr.
Vlastimil Kone¢ny, CSc.*, RNDr. Ladislav Simon,
PhD.*);

37 Sites of Quaternary Sediments, labelled Y- (RNDr.
Martina Moravcova (Abelova), PhD.*, in 2010 she
was substituted by Mgr. Martin Vlaciky, PhD.*);
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28 Sites of Historical Mining, labelled B-, P- (RNDr.
Daniel Ozdin, PhD.**);

61 Mineralogical Sites, labelled DO- (RNDr. Daniel
Ozdin, PhD.**);

39 Hydrogeological Sites, labelled HG- (RNDr. Juraj
Michalko, PhD.*);

34 Geomorphological Sites, labelled P- (RNDr. Pavel
Lis¢ak, CSc.*).

Note:

*  SGIDS, State Geological Institute of Dionyz Stur

**  Faculty of Natural Sciences, Comenius University, Bratislava

**% Geological Institute of the Slovak Academy of Sciences

Several suggestions were received from the professional
and amateur public; on the basis of these initiatives, there
were added some sites in the database, for example the
site Cigel’ka — mineral water spring, Gelnica — extraction
of Ag-, Cu-, Hg-ores, Cuéma — Sb-Au-ore mining, NL
(National Landmark) Sninsky kamen — lava flow, NL
Markusovsky skalny hrib (Markusovce Stony Mushroom).

All the sites from basic file were dealt with
simultaneously. The authors for the above defined topics
compiled the relevant binding information to the sites
selected. In many cases, it was necessary to invite experts
from universities and academia — they entered into the
project database as co-authors of individual sites. The
sites were GPS documented and registered in writing. For
most sites, photo documentation was carried out as far as
possible in a uniform manner (RNDr. Ladislav Martinsky)
and at the most appropriate weather conditions, in close
cooperation with the authors of the sites. Many field
locations were amended on photo documentation from the
archives of the authors, or the colleagues — geologists. A
particularly significant contribution should be considered
a photo documentation of minerals, which processed
RNDr. Daniel Ozdin, PhD. using special photographic
equipment and software. Mr. Pavel Stanik from the Slovak
Caves Administration, Liptovsky Mikulds, provided the
original photographs of the cave underground spaces and
decoration. RNDr. Jan Madaréas, PhD. has included dozens
of photos to sites from several topics. RNDr. Dusan Kusik
enriched the database in scans of postcards with mining
motives, coming from his private collection. Many of the
above photos are original. We have to draw the attention to
pen-and-ink drawings of /RNDr. Vlastimil Koneény, CSc.,
whose compositions of volcanic sites are a combination
of geological interpretation and the artistic expression of
significant geological phenomena.

These logs have been transformed into an MS Access
database containing 35 items. The database includes
480 1 : 50,000 slots, marked with an important geological
location at the center of the slice, 480 slots from the digital
geological map of Slovakia at a scale of 1 : 50,000 marked
with a significant geological location at the center of the
cut and 2,479 photographs, or pen-drawings and geological
object schemes as well as the corresponding descriptions
of the figures. The database also contains over 900 literary
sources, which are quoted in texts for each site.

Tab. 1. 4 Representation of individual themes within the in-
formation system

Palaeozoic 61
Magmatites and Tectonics 19
Mesozoic 78
Palacogene 18
Sedimentary Neogene 17
Neovolcanites 88
Quaternary 37
Historical Mining 28
Mineralogy 61
Hydrogeology 39
Geomorphological Sites 34

1.4.1 Localities of Palaeozoic

The file comprises the sites of metamorphosed rocks
of various degree of polyphase metamorphosis (Fig. 2),
which have been identified in the Gemericum, Hronicum,
Fatricum, Veporicum and Tatricum palacoalpine tectonic
units of the Western Carpathians. The Gemericum unit
the Hercynian Gelnica, Rakovec, Klatov, Stos, Ochtina
and Crmel tectonic units and their envelope formations.
The Hronicum unit formed within the Neo-Hercynian
period upon thickenned granitoid crust — it is represented
by the Ipoltica Group. The Fatricum and Veporicum
metamorphosed rocks were formed within the Neo- and
Meso-Hercynian tectonic stage. Low metamorphosed
rocks are typical for the Sourhern Veporicum. High-grade
metamorphosed rocks are represented by ortho- and
paragneiss and metabasics; some of them underwent
later the process of diaphtoresis. Bezak et al. (1997)
defined four main lithotectonic units in Tatricum, which
originated during the Meso-Hercynian collision processes:
lower prevailingly mica schist unit, middle gneiss unit,
upper gneiss-migmatite unit, low-grade metamorphosed
complexes in the uppermost part position.

V-01  Ochtind, NNL Ochtinskd aragonitova jaskyna
(Ochtina Aragonite Cave), hosting rocks — Drnava Fm. of
the Gelnica Group, Ordovician, crypto- to macrocrystaline
aragonite. In the dark metapelites of the Drnava Formation,
lenses of crystalline limestones (Middle Ordovician) occur.
They were partly metasomatically altered into ankerite
and siderite, which later being weathered into Fe-ochres
at the surface. During prospecting for iron ores, in 1954, a
cave was discovered by miners. They arose on faults along
with the ankerite weathered into iron ochres. The latter
were washed away by karst waters which dissolved the
adjacent crystalline limestones and gave thus rise to free
galleries and chamber-like spaces. In these spaces current
forms of cave ornamentation consist of cryptocrystalline,
microcrystalline and macrocrystalline aragonite. The
calcite stalactites and stalagmites are present exceptionally.
The aragonite forms various dendritic or shrub-like shaped
formations, clusters, aggregates of crystals, sometimes
drop-like forms and sinter crusts. Listed on the World
Heritage List since 1995.

V-02  Gotaltovo — stratotype of Stitnik Fm., Southern
Gemericum, crystalline dolomitic limestones, Permian.
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Fig. 1.2 Distribution of the sites of Palaeozoic and metamorphos

Crystalline dolomitic limestones with interlayers of green-
grey shale, which are dominant lithological member of
the described site, represent lagoonal-offshore deposits.
They are a component of the uppermost part of the Stitnik
Formation. Characteristic is the excellently developed
plan-parallel horizontal bedding. The carbonates are
strongly influenced by the admixture of detritic grains
of quartz, mica and infrequently also of plagioclase and
heavy minerals. Rare is the stream-bed texture, which
may indicate strong currents of near-shore platform (ebb
and flow). Under microscope it is possible to observe
manifestations of dedolomitization. There were found
calcite pseudomorphoses after dolomite crystals and tiny
enclosures of dolomite in them.

V-03 Dobsina abandoned quarry Biergarten
carbonates of Zlatnik Fm., organodetritic massive car-
bonates, Carboniferous. The determination of the degree of
alteration by exact methods was made on the basis of Kubler
index (KI) and chlorite geothermometer. The KI values
indicate the temperature of the regional metamorphosis in
the range of 200 — 250 °C. The temperatures calculated
empirically by method of chlorite geothermometer indicate
the maximum metamorphic temperatures below 300 °C,
within the interval of 250 — 290 °C (Vozarova in Lis¢ak et
al., 2011).

V-04 Ochtina — abandoned quarry in carbonates and
slates of Ochtind Group, shaly carbonate facies, Visean-
Serphukhovian.

V-05 Vys$ny Hamor-Vysna Masa — stratotype of Hamor
Mb., abandoned quarry, conglomerate metasandstones
alternating with micaceous and graphite shales,
Pennsylvanian. The rock consists of cyclically alternating
fine-grained, scarcely medium-grained conglomerate
metasandstones, sandy and micaceous shales and black
graphite shales. The thickness of cycles attains 10 m and
more. Some cycles W of Dobsina contain in their top part
thin anthracite seams. Generally, the sediments are rich in
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quartz and clastic mica. Besides other clastic fragments
there are different types of phyllites, metaquartzites, and
scarce fine-grained granitoids, and lydites, basic and acid
volcanics. “’Ar/*’Ar cooling ages of clastic white mica
proved 320 Ma of their source area (Vozarova & Frank,
unpubl. data).

V-06 Stara Voda — lydites of Gelnica Group, arenaceous
foraminifers of the family Psammosphaeridac or
Saccamminidae in the lydites, Ordovician-Early Silurian.
These flysch-type assemblages of aglutinated foraminifers
indicate a deep-water turbidite character of sedimentation.

V-07 Zapalenica — Rudnany Fm., coarse-grained to
bouldery polymict conglomerates exposed in several
cliffs, Pennsylvanian. The basal coarse-grained Rudnany
Formation sequence reflects the origin of Variscan collision
suture. Delta-fan and near-shore coarse-grained to boulder
conglomerates are characteristic lithotype. They contain
detritic rock fragments from the all pre-Bashkirian North-
Gemeric crystalline complexes. Black shales and grey
sandstones with macroflora fragments are normal member
of the upper part of this upward fining sequence.

V-08 Harnobis — type locality of Harnobis volcanogenic
horizon, dacite effusions associated with pyroclastic
tuffs and ignimbrites, Permian/Triassic. The Harnobis
volcanogenic horizon, about 150 — 200 m thick, is a part
of the Brusno Formation. It mostly consists of dacite
effusions associated with pyroclastic tuffs and ignimbrites
and scarce andesites. The latter ones, in the studied profile
were only found as large redeposited fragments within
metaarcoses. Zircon dating (in situ U-Pb SHRIMP) from
the two samples documents the Cisuralian age of the
Harnobis volcanogenic horizon, with concordia ages of
272.9 £ 5.9 Ma and 279 + 4 Ma, respectively (Artinskian-
Kungurian).

V-09 Nizna Boca — type locality of Nizna Boca Fm.,
situated within the buffer zone of NAPANT NP, cyclical
fluvial-lacustrine siliciclastic sediments, mostly sandstones



Slovak Geol. Mag., 18, 1 (2018), 5 — 68

12|

and shales, Pennsylvanian. It consists of cyclical fluvial-
lacustrine siliciclastic sediments (mostly sandstones
and shales) with distinct coarsening-upwards tendency.
Macroflora from the upper part of the sequence on the
locality Nizna Boca proved its Stephanian B-C age (Sitar
& Vozar, 1973). Integral part of the Nizna Boca sequence
are the dykes of dioritic porphyres.

V-10 Maluzind — stratotype of Ipoltica Group and
Maluzina Fm., situated within NAPANT NP, alternating
conglomerates, sandstones and shales, synsedimentary
andesite-basalt volcanism, Permian. Generally the
sediments of the Maluzinda Formation originated in
fluvial and fluvial-lacustrine/playa environment, at
permanently semiarid/arid climate. They are made up
of a thick sequence of red beds, consisting of cyclical
alternating conglomerates, sandstones and shales. Lenses
of carbonates, gypsum and calcrete/caliche horizons
occur locally. Fining-upward cycles of the 5" and 6"
order (thickness several meters), as well as the three
regional megacycles of the 3™ order (several hundred of
meters), are most typical. An important phenomenon is the
polyphase synsedimentary andesite-basalt volcanism (I.
eruption phase within the 1th megacycle and II. eruption
phase within the 3™ megacycle) with continental tholeiitic
magmatic trend. Basal parts of the all three megacycles
consist of channel- and pointbar deposits, associated
laterally and vertically with flood plain and natural levee
facies. Upper part of the megacycles is characterized
by a playa, scarce inland sabkha and ephemeral lake
association.

V-11  Stranansky potok Brook — stratotype of Stranansky
potok Fm., Tatricum, fine conglomarates to coarse sand-
stones, ?Cisuralian—Guadalupian. Based on lithological
composition, superposition and correlation to other
occurrences of analogous formations in the Western
Carpathians, the Stranansky potok Formation is ranged
to the Permian, so far without biostratigraphic evidence.
Fine-grained conglomerates and coarse-grained sandstones
(even gravellites), locally comprising well rounded pebble
material (10 — 15 cm in size) represent the most frequent
lithofacies. Massive, graded-bedded and cross-bedded
strata show repeated upward alternation. The beds are
frequently separated one from the other by conspicuous
erosive contacts. Sediments of the Stranansky potok
Formation are mineralogically and structurally immature.
Pebble material in conglomerate beds consists of quartz,
alkalic granites and adamelites, migmatites, quartzose
and biotite gneisses, all with the Mala Fatra crystalline
complex provenance. Composition of sandstone members
belong to feldspar- and arkosic greywackes.

V-12 NL Biely potok Brook — profile through Early
Triassic of Hronicum, transgression of Inner Carpathian
Palacogene. The Suiiava Member is the integral part of
the Hronicum Unit. It consist of variegated shales, marls,
calcareous sandstones, marly limestones, lumachelle and
less frequent oolitic limestones. The shallow-water, littoral
environment is documented by numerous sedimentary
structures and external impressions and fragments of
Lamellibranchiata and Crinoidea tests.

V-13  Zelena dolina Valley — Veporicum of Staré¢ Hory
Group — crystalline + sediments of Permian envelope,
Northern Veporicum, ?Cisuralian, situated within the
buffer zone of NAPANT NP ?Cisuralian. Braided stream
deposits of the lower part of the Spania Dolina Formation
are composed of graded bedded coarse-grained sandstones
and sandy conglomerates with dominant feldspars and
granitoid detritus. Frequent are erosive contacts on the
base of beds and channel lag deposits. Isolated trough-
cross bedded sequences are exposed.

V-14 Zavadka I — polymict conglomerates of Rudnany
Fm. in abandoned quarry, Pennsylvanian, Northern
Gemericum. Basal boulder conglomerates of the
Rudiany Formation unconformably overlap the low-
grade complexes of the Rakovec Group. They contain
detritic fragments which were derived from the both
pre-Carboniferous crystalline complexes of the Northern
Gemericum, the Rakovec and Klatov Group. “°Ar/*’Ar
muscovite cooling ages from orthogneiss boulder indicate
Upper Devonian metamorphic event (385 + 3 Ma.; Voza-
rova et al., 2005).

V-15 Zavadka II — polymict conglomerates of Krom-
pachy Group exposed in cliffs, Cisuralian, Northern
Gemericum. The basal part of the Permian sequence, the
Knola Formation, contains mostly poorly sorted polymict
conglomerates of variable thickness, with angular pebble
material reflecting the composition of the underlying
rock complexes. These coarse-grained sediments
unconformably overlap different parts of both pre-
Carboniferous rock complexes (the Klatov and Rakovec),
as well as irregularly eroded surface of the Pennsylvanian
formations. The Knola Formation sediments represent
fossil mudflows, partly reworked by alluvial deposits,
indicated by stream channel deposits.

V-16 Nalepkovo — fine-laminated basic tuffites of
Sykava Fm., Rakovec Group, Northern Gemericum. The
rocks are well foliated, with foliation planes oriented
parallel to former sedimentary lamination. The foliation
planes are strongly deformed by a system of the Alpine
crenulation cleavage. The metasediments of the Sykava
Formation are unconformably covered by the Rudnany
Formation polymict conglomerates (Pennsylvanian).

V-17 Hnil¢ik — u Zajaca — metabasalts of Sykava
Fm., Rakovec Group, in abandoned quarry, ?Silurian-
?Devonian, Northern Gemericum. The metabasalts
were originally built up by subaqual basaltic lava flows
E-MORB/OIT signature. They represent a relic of
the back-arc basin oceanic crust in the initial stage of
opening, which was followed by the subduction-related
metamorphic processes in the supra-subduction tectonic
regime.

V-18  Grajnar—metabasalts and black phyllites of Zlatnik
Fm. in abandoned quarry, ?Pennsylvanian, Northern
Gemericum, situated within the buffer zone of NAPANT
NP. Generally the volcanoclastics dominate over effusive
forms. The volcaniclastics represent a range of mixed
varieties, with variable admixture of non-volcanic detritus.
According to their chemical composition, the volcanics
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of the Zlatnik Fm. correspond to tholeiitic basalts with
affinity to BABB type. Black shales form the underlier
of the volcanogenic horizon. The grade of metamorphism
reached PT conditions corresponding to the boundary of
lower-temperature greenschist facies. Alpine shortening
associated with thrust faulting caused the emplacement
of the Zlatnik Fm. rocks over the Permian sediments. The
younger down slip fault uncovered the violet-coloured
Permian strata.

V-19 Kolinovce — violet slates of Permian and
Palacogene transgression (Borové Fm.), Northern
Gemericum. Sedimentary sequences of the uppermost part
of the Petrova Hora Fm. are exposed in the slope. They
consist of violet-red and red-brown claystones, siltstones,
with local layers of redeposited volcanoclastic material
and irregularly distributed thin layers of carbonate
claystones and carbonates. Frequent are carbonate and
chlorite nodules. Carbonate layers of variable thickness
are light-pink or grey-pink and mineralogically correspond
to dolomite limestones partly enriched with Mn. The shale
sequence originated in playa environment. Parallel-layered
thin patches of sandstones reflect a regime of low-energy
streamflows. In several levels, interference wave ripples are
cropping out. The uppermost shale member of the Petrova
Hora Fm. is discordantly overlain by basal, coarse-grained
sediments of the Central Carpathian Palacogene sediments
(Borové Fm.).

Fig. 1.3 Kolinovce, Krompachy Group — Petrova Hora Formation is represented
by intense coloured violet shales, shales with interlayers and laminae of very
fine-grained sandstones. The formation is conspicuously schistosed and affected
by Alpine cleveage filled up with carbonate-chlorite veinlets — detail view
(Photo J. Vozar)

V-20 Krompachy — volcanites of Petrova hora Fm.
in abandoned quarry, Cisuralian, Northern Gemericum.
In the abandoned quarry trachyandesites, basaltic
trachyandezites and rhyodacitic ignimbrites of the Petrova
Hora Fm. are exposed. The polyphase volcanic activity
reflects synsedimentary tectonics. Generally, the volcanites
correspond to calc-alkaline/alkaline, peraluminious/
metaluminious magmatic series. Chemical composition

| 13

of the Petrova Hora volcanites indicates postorogenic
A2-type magmatic suite. U-Pb (SHRIMP) zircon age
data proved the Kungurian-Artinskian (272.4 + 7.3 Ma;
Vozarova, unpubl. data).

V-21 Ruzin Defilé — In the roadcut section along the
Ruzin Dam the Upper Cretaceous NW-SE thrust fault
structures can be studied, composed of the Northern
Gemeric Crmel anticlinorium rock complexes on the one
side and the Veporic Sivec synclinorium rock complexes
on the other side. The macrostructures and their filling
are predominantly penetratively deformed to form scales
within a SW dipping cleavage system, which resulted
in a monoclinal transportation of the formations. The
structure is characterized by the tectonic contact of the
Jurassic sequence of the Veporic type Mesozoic envelope
of the Cierna Hora Massif and the epimetamorphosed
Mississippian suite of the Northern Gemeric Unit. The
Mississippian Crmel’ Formation consists of siliciclastic
turbidite sequence associated with metabasalts and their
metavolcaniclastics and lenses of carbonates in its upper
part, metamorphosed in the greenschist facies conditions.
The Cierna Hora envelope sequence is represented by the
Jurassic, predominantly carbonate sediments. Dominant
are Lias, cherty, marly and siliceous metacarbonates
and pastel coloured radiolarian and cherty crystalline
metacarbonates, corresponding to Dogger. The carbonate
Jurassic complexes are in the tectonic contact with
granitoids of the Bujanova Complex along
the thrust fault at the SE limb of the Sivec
synclinorium.

V-22  Jasov — metarhyodacites of Jasov
Fm. in abandoned quarry, Guadaloupian,
Borka nappe, situated within Slovensky
kras NP. The Borka Nappe comprises a
variable, discontinuous and tectonically
intensively segmented package of the Alpine
metamorphosed sedimentary-volcanic rocks
of the Permian-?Jurassic age. The Jasov Fm.,
as its part, consists of a complex siliciclastic
metasediments with smaller metarhyodacite
bodies, usually cropping out as a separate
partial thrust outlier of the Boérka Nappe.
These associated acid volcanites correspond
to calc-alkaline, peraluminous magmatic
series. Chemical composition of the Jasov
Fm. volcanites (REE and HFSE) indicates
postorogenic A2-type magmatic suite. U-Pb
(SHRIMP) zircon dating proved the Wordian
age (266 + 1.8 Ma; Vozarova et al., unpublished
data).

V-23  Stés — metasediments (metasandstones
and metasiltstones) of Stés Fm., Southern Gemericum.
The Stos Formation rock complex overlies tectonically
the Drnava Formation of the Gelnica Group and is
unconformably overlapped by Permian continental
sediments. It is dominated by fine-grained metasandstones,
metasiltstones with very often plan-parallel horizontal
sedimentary lamination, and chlorite-muscovite meta-
pelites. Sedimentary structures indicate a distal turbidite
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environment. The total thickness of the Stos Formation
is estimated at ca. 500 — 800 m. Biostratigraphic age
evidence is still lacking. Relics of overturned or isoclinal
folds are preserved within outcrop. Slaty cleavage (axial-
plane cleavage) is dominant feature.

V-24  Helcmanovce — tuff-porphyroides of Drnava Fm. in
abandoned quarry, Gelnica Group, Cambrian — Ordovician,
Southern Gemericum. The low-grade crystalline basement
of the Southern Gemeric Unit (Inner Western Carpathians)
consists mainly of siliciclastic deep-water turbidite
sequence associated with huge mass of redeposited
rhyolite/dacite volcanics and their volcanoclastics, latter
preserved at the locality Helecmanovce. Method of U-Pb
(SHRIMP) zircon dating (Laboratory of VSEGEI, Sankt
Petersburg) applied to metavolcanic/metavolcaniclastic
rocks of the Drnava Formation gave 463.9 + 1.7 Ma average
concordia ages. The geochemical data are compatible
with an orogenic geodynamic setting (magmatic arc
in the active continental margin). Dominant rhyolite-
dacite metavolcanites/metavolcanoclastics belong to the
peraluminous, calc-alkaline high-K magmatic series.

V-25 Stara Voda II — metarhyolites a metarhyolite
tuffs of Vlachovo Fm., Gelnica Group, in cliffs and talus
sediments, Cambrian, Southern Gemericum. The acid to
intermediary metavolcanites and their metavolcaniclastics
are represented mostly by vitreous/vitroclastic varieties,
in which phenocrysts/crystalloclats constitute ~ 1/3 of
the rock volume. Among the phenocrysts, magmatically
corroded high-temperature quartz is dominant, associated
with less microperthitic K-feldspars and Na-Ca feldspars
(An, ). The K-feldspars often form the sanidine
type phenocrysts. In intermediary affinity varieties,
the magmatic biotite in relics is present. Based on the
SiO, vs. Zr/TiO,, the Vlachovo Fm. metavolcanites/
metavolcaniclastics are concentrated mostly between
rhyodacite/dacites and rhyolites. They are classified as
calc-alkaline, peraluminous magmatic suite.

V-26 Paca — nmetarhyodacite tuffs of Drnava
Fm., Gelnica Group, Middle Ordovician, Southern
Gemericum. The rhyolite-dacite metavolcanites and
their metavolcaniclastics are represented mostly by
blastofelsitic varieties, in which phenocrysts/crystalloclats
constitute approximately 1/3 of the rock volume.

V-27  Dolina Idy Valley — metasediments of Bystry potok
Fm., Gelnica Group with apophyses of Gemeride granites
in abandoned quarry, Middle Ordovician, Southern
Gemericum. The S-type Early- to Middle Permian Gemeric
granite apophysis penetrate the low-grade metapelites of
the Bystry potok Formation of the Cambrian-Ordovician
Gelnica Group. The newly formed biotite crystals reflect
metamorphic heating on the contact of the granitoids and
metapelites. The granitoids apophyses are younger than
system of penetrating cleavage in metapelites.

V-28 Vysny Klatov — amphibolites of Klatov Group in
roadcut, Northern Gemericum. The Klatov Group, as a part
of the Northern Gemericum basement, is dominated by
amphibolites, associated with minor gneisses, serpentinized
spinel peridotites (altered to antigorite serpentinites and

their hydrothermal-metasomatic derivatives) and very rare
Ca-silicate rocks.

V-28a Nizny Klatov — amphibolites of Klatov Group,
in operating quarry, Northern Gemericum. Pebbles
from this already metamorphosed complex, which were
found within Moscovian conglomerates (the Rudnany
Formation), indicate the pre-Carboniferous age of the
Klatov Group rock complex. Its metamorphic evolution
was polystage, from eclogite to amphibolite facies and to
the retrograde stage, reaching P-T conditions of the low-
pressure greenschist facies.

V-30 Sulova — railway cut, apical body of Gemeride
granites, Cisuralian-?Guadaloupian. Metasandstones with
intercalations of black phyllites are exposed along the
road-cut. Basically, it is a complex of turbidite sediments,
that belong to simple sandstone — shale lithofacies.

V-30a Podsulova — metasediments of Vlachovo Fm.,
Gelnica Group, in roadcut, Cambrian-Ordovician,
Southern Gemericum. Complex of the coarse-grained
metagraywackes and microconglomerates associated
with turbiditic relatively finer-grained metasediments
represents relics of submarine slumping bodies.

V-33  Sebekova — upper metaconglomerates of Rozhava
Fm. associated with rhyodacite volcanites, exposed in cliffs,
Cisuralian, Southern Gemericum. The whole Roznava
Formation is subdivided into two regional larger cycles,
with conglomerate strata at the base of each. Sedimentary
structures of stream channel deposits are dominant, with
distinct unimodal transport system. Both conglomerate
horizons were associated with rhyolite-dacite subaerial
volcanism.

V-34 Ostra skalka — oligomict metaconglomerates of
basal part of Roznava Fm., exposed in cliffs, Cisuralian,
Southern Gemericum. The Permian sedimentary complex
represented by the Roznava Formation conglomerates is
generally characterized by a high content of mineral mature
detritus, mainly by presence of quartz and metaquartzites
pebbles. The oligomictic conglomerates are indistinctly
stratified.

V-35 Krokava — metasediments of Slatvina Fm.
altered into garnet-biotite hornfelses with granite
apophysis, Southern Veporicum and contact with
Northern Gemericum. In the road cut near the village
Krokava the two-mica granites/granodiorites are exposed.
Geochemical characteristics of the granitoids are calc-
alkaline with affinity to normal I/S types. Rb/Sr isochrone
indicates the age of the granitoids ranging from 392 to 382
Ma (Cambel et al., 1988), U/Pb method of zircons 350
Ma (Bibikova et al., 1988) and finally K/Ar method of
micas suggest the age of 93 — 94 Ma. Along the road cut,
in the complex of garnet-biotite hornfels decreasing P-T
conditions of thermic metamorphism from amphibolite
to greenschist facies may be observed. The climax of the
contact — thermic metamorphism determined by garnet-
biotite thermometer reached maximally 563 °C (Vozarova
& Kristin, 1989). Nearly gradual transition into the black
schists of the Slatvina Formation can be followed.
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V-36  Predajnianske Celno, Kelemen's Tunnel — National
Technical Monument — metarhyolites in LCubietova
crystalline, ?Guadaloupian-Lopingian, Northern Vepo-
ricum. Based on the age dating and their chemical
composition the Kelemen Tunnel volcanites are correlated
with the Harnobis volcanogenic horizon from the Brusno
Formation.

V-37 Predajnianske Celno — polymict conglomerates
of Predajna Fm., Northern Veporicum. The sedimentary
structure of the Predajnd Formation boulder polymictic
conglomerates indicates an upper part of alluvial-fan
environment. Regional transition to piedmont basin
deposits is evident.

V-38  Volchovo Valley — metavolcanites and metaarcoses
of Brusno Fm., exposed in cliff, Mississippian Northern
Veporicum, situated within the buffer zone of NAPANT
NP. The magmatic zircon concordia age from the
metavolcanites of the Volchovo Valley was confirmed
to be Lower Carboniferous — 358.7 = 3.9 Ma. In the
assemblages of the analysed grains inherited zircon cores
were identified with the Lower Cambrian concordia age
—516.7 + 8.6 Ma. These results determine the low-grade
crystalline complex in the Volchovo valley as the Variscan
rock basement.

V-39 Dikula Valley — Mesozoic envelope sequence of
Velky Bok and its tectonic contact with Carboniferous
sediments of Hronicum, situated within NAPANT NP.
The Nizna Boca Formation sediments are characteristic
of numerous repeating small fining-upward sedimentary
cycles, consisting of fine-grained conglomerates,
sandstones and shales. Abundant graded-bedded
sandstones, channel bedding structures, as well as the
layers rich in coalified plant detritus indicate a fluvial-
lacustrine delta association. Sequences of well bedded
fine-grained sandstones, mudstones and shales of grey and
black colour correspond to lacustrine facies development.
The whole rock complex of the Nizna Boca Formation was
overthrusted upon the Early Cretaceous overfolded cover
of the Northern Veporicum Unit.

V-40 Spisské Bystré — transgressive conglomerates
and sandstones of Borové Fm., Palacogene, overlying
alternating Permian sandstones, siltstones and shales
of Maluzind Fm., exposed in cliffs. Sediments of the
Maluzina Formation belonging to the upper part of the
st megacycle are exposed in the left flank of the valley.
They are of typical red-violet colour. The layers of fine-
to medium-grained sandstones alternate with mudstones
and shales, representing alluvial environment. The shales
associated with massive silty mudstones with considerable
contents of small carbonatic spots (pedogenic horizons)
represent the playa/ephemeral lakes environment.

V-41  Simonov vrch Hill — abandoned quarry, rhyodacite
tuffs of Trma Fm., Pennsylvanian, Zemplinicum. Thick
and relatively regular layers of volcanoclastics are
interlayered by thin laminae of shales, rich in clastic
mica. The volcaniclastics were redeposited into lacustrine
environment, which is documented by well preserved
horizontal lamination as well as by the scarce relics of
ostracod shells.
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V-42  Mala Bara — South of Cernochov — abandoned
quarry, red-violet claystones and siltstones of Cernochov
Fm., Permian, Zemplinicum. The Cernochov Formation is
represented by a complex of monotonous violet-redbrown,
vaguely schistose mudstones and pelites. It is the youngest
lithostratigraphic unit of the Late Palacozoic envelope
sequence of the Zemplinicum crystalline basement. This
monotonous playa association is unconformably overlain
by light-grey quartzose conglomeratic sandstones,
quartzose arenites and subarkoses of the Lower Triassic
Luzna Formation.

V-44  Branisko — amphibolites and in left slope
gneisses of Patria Crystalline, Northern Veporicum. The
fundamental feature of the geological environment of the
Branisko crystalline complex is gneisses-amphibolites
basement, penetrated by several generations of granitoids,
and its Permian-Lower Triassic envelope.

V-45  Valley North of Kluknava — Eocene/Oligocene
transgressive conglomerates and sandstones of Borové Fm.
overlying mylonitized Crystalline of Lodina and Miklusov
complexes and Guadaloupian sediments of Predajnd Fm.
Along the roadcut, between the villages Kluknava and
Vitaz in the Dolinsky potok valley, crystalline rocks of
the Lodina Complex are exposed, which belongs to the
lowest lithostratigraphic unit of the Veporicum in the
Cierna Hora Mts. It is dominantly composed of refolded
and monoclinal (SW dipping), scaly, diaphtorised
paragneisses with sporadic bodies of amphibolite, schists
and phyllonites, latter derived from these rocks. In the
northeastern continuation of the Dolinsky potok valley,
the tectonic contact of the Lodina Complex and the
Miklusovce Complex, the middle lithostratigraphic unit
of the Cierna Hora crystalline basement, is exposed. The
Miklusovce Complex consists of diaphtorised migmatites,
which contain intrafolial leucogranite bodies. Along
the NW-SE fault, in the vicinity of Dolina settlements,
the Permian sediments of the Predajnda Formation are
preserved in the tectonic contact with the crystalline
rocks of the Miklusovce Complex along the NW-SE fault.
These composed Variscan and palaeco-Alpine structure is
overlapped by basal sediments of the Central Carpathian
Palacogene.

V-46  Ruzin — Mala Lodina — postkinematic intrusives of
biotite granodiorites of Bujanova and Miklusov Complexes,
Northern Veporicum. Granitoids of the Bujanova Complex
represent the uppermost crystalline unit of the Veporic
basement in the Cierna Hora Mts. They are postkinematic
intrusives and penetrate the fold structure consisting of
different crystalline schists. K/Ar method proves the wide
time span of ages, from 387 to 295 Ma, while latter could
also reflect the Alpine rejuvenation processes. Based on
chemical composition they belong to peraluminous S-type
granitoids. Different type of blastomylonites derived from
these rocks within the Alpine NW-SE shear zones.

V-47  Sopotnica Valley— metaarkoses and volcanites of
Brusno Fm. in Cierna Hora Mts., Cisuralian, Northern
Veporicum. The Permian sequence as the basal part of the
envelope at the SE margin of the Cierna Hora crystalline



Slovak Geol. Mag., 18, 1 (2018), 5 — 68

16 |

basement is represented by the Brusno Formation with the
Harnobis volcanogenic horizon.

V-48 Velké Uherce — Early Triassic quartzose
metasandstones of Luzna Fm. overlying metasandstones
of Brusno Fm. with dykes diorite porphyrites, Cisuralian,
Hronicum. In the NE margin of the Razdiel part of Tribec¢
Mts. formations of the Permian-Mesozoic sediments whose
lithological content and metamorphic recrystallization
show close links with the Mesozoic Vel'ky Bok sequence
and the Permian Lubietova Group from the Northern
Veporic Unit. The Lower Triassic sediments of the Luzna
Formation overlain the Permian Brusno Formation as
well as the pre-Triassic erosive relics of the Predajna
Formation. The Luzna Formation sediments are mostly
represented by quartzose metasandstones, associated
with fine-grained oligomictic metaconglomerates in its
basal part. Characteristic is fining upward trend, with thin
intercalations of red shales in the uppermost part. Plan-
parallel lamination and low-angle cross lamination are
the most frequent sedimentary structures. The Permian
sediments of the Brusno Formation are represented by the
light-grey, strong foliated metaarcoses. At the northeast
part of the Razdiel, the Veporicum Permian-Lower Triassic
sedimentary sequence tectonically overlie the Tatricum
Permian envelope.

V-49  Settlement Pila pri Zarnovici — sediments of
Nizna Boca Fm. with dykes of diorite porphyrites,
Pennsylvanian, Hronicum. The Nizna Boca Formation
is a regressive clastic sequence with distinct tendency of
upward coarsening. Numerous repeating upward fining
sedimentary cycles is the most typical feature. The modal
cycle evolving from medium- to fine-grained sandstones to
siltstones and claystones is frequent in the lower part of the
sequence. In the upper part it commences at the base with
coarse-grained sandstones (even conglomerates in some
places) and passes gradually across medium- and fine-
grained sandstones to siltstones and claystones. Tabular
strata with graded bedding and horizontal planparallel
lamination are most frequent among sandstones. At the left
side of the road cut the thin dyke of diorite porphyrite is
visible.

V-50 LoSonec — andesite-basalts of Maluzind Fm. in
abandoned and active quarries, Ipoltica Group, Lopingian.
There are several varieties of andesite-basalts uncovered
in the quarries: fine-grained to aphanitic, amygdaloidal-
porous, porphyric, locally breccias filled with barite,
calcite, chlorite and epidote, less frequently veins with
Fe-Cu mineralization. Locally, especially in the peripheral
parts of the quarry, there were found lava breccias, mostly
in the basal parts of the flows. Numerous flows with
thickness of 0.5 to 1.5 m (sheeted lavas), are observed
to considerable distances. Fluidal structures, mainly in
porous, amygdaloidal, but also fine-grained and porphyritic
varieties are not rare and were documented in individual
lava flows. Volcanoclastics are mostly ashes, sands, shots,
and only quite sporadically lapilli of size max. 2 cm were
found. They are less represented with respect to effusive
bodies.

V-51  Brusnik — Chvalova — Bodvaszilas sandstones and
polymict conglomerates of Brusnik Fm. in abandoned
quarry, Permian-Early Triassic, Turnaicum. The Werfenian
Formation of the Turnaicum Unit is represented by a
complex of variegated Bodvaszilas sandstones and shales.
The Turnaicum Unit represents a rootless nappe composed
of several partial units emerging from the tectonic
underlier of the Silica Nappe. The Bodvaszilas Member
sediments contain characteristic bioturbation structures
(e.g. Diplocraterion paralellum), as well as sedimentary
fluvial channel structures (graded bedding, high energy
planparallel lamination). Fine-grained sediments are rich
in clastic mica. The underlying Permian Brusnik Formation
polymict conglomerates are preserved in outcrops along
the roadcut, in prolongation to the Brusnik village.

V-52  Kazimir — Late Carboniferous envelope polymict
conglomerates of Cerhov Fm. overlying crystalline
basement, Zemplinicum. The Cerhov Formation
overlies unconformably the crystalline basement which
is documented from numerous drillhole data and the
composition of detritus. Dominant lithofacies are polymict
conglomerates and sandy conglomerates, with grain-
supported structure and well-rounded pebble material.
Minor gray sandstone layers with black shale intercalations
occur. Conglomerates are interpreted as a braided-river
deposits. The dating — Westphalian D — Stephanian A
(Upper Moscovian) —is based upon microflora assemblages
(Planderova et al., 1981).

V-53 Margecany — Margecany Fault Line — The
Margecany shear zone forms the eastern imbricated
boundary between the Northern Gemericum and the
Veporicum of the Cierna Hora Mts. At the Margecany
road cut is possible to observe from the NE to the SW
direction the following lithotypes: a) chloritic-muscovite
phyllonites of gneisses belonging to the uppermost
basement complex (the Bujanova one) of the Cierna
hora Mts. They are typical s-c tectonites containing lens-
like and/or veinlet quartz segregations; b) approx. 25 m
wide zone of diaphtorised garnet-amphibole gneisses
and granodiorite protomylonites of the same complex;
c¢) fine-grained metaconglomerates and metasandstones
intercalated by graphitic schists of the Pennsylvanian
Hamor Fm. Margecany shear zone has NW — SE direction
and generally moderate (50°) dip to SW. Symmetrically
penetrative cleavage belongs to axial plane set of regional
NW-SE fold structure of the region. This relationship is
visible at mentioned (b, c) lithotypes of the outcrop. The
zone has however a complex polyphase development, with
thrust fault, strike-slip and normal fault movements.

V-54 Kosicka Beld — bouldery conglomerates of Rud-
nany Fm. in cliffs, Pennsylvanian, Northern Gemericum.
In the valley E of the Kosicka Belad village, bouldery
metaconglomerates of the Rudiany Fm. are exposed
(Pennsylvanian). In contrast to the occurrences in the
northern part of the Slovenské rudohorie Mts., they are
affected by very distinct flattening deformation, which is
the result of shearing along the Cubenik — Margecany line.
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The composition of the boulder metaconglomerates reflects
the direct underlier — rock complexes of the Crmel’ Group.
Detritic material related to the other pre-Carboniferous
complexes of the Northern Gemeric basement units
is secondary. Metaconglomerates have a distinct NE
vergency, dipping to SW. Local differences reflect different
mechanical properties of particular lithotypes.

V-55  Vlachovo — fold in metagreywackes of Vlachovo
Fm. (known as “Andrassy's Cave”), Furongian. Gently
asymmetric fold, with the N-S orientation and distinct
western vergency was formed in the metagraywackes of
the Vlachovo Formation. Dipping of the axial plane is to
the SE. Expressive cleavage, parallel to the axial plane
is significant phenomenon. The opinion about age of
the origin of this fold is not unambiguous up to present.
According to Lexa & Schulmann (2003) its origin was
connected with the Jurassic subduction processes related
to the closure of the Meliata Ocean.

V-57 Kamenna Poruba — type profile of siliciclastic
sediments of Kamenna Poruba Fm. in forest road cuts,
?Guadaloupian-?Lopingian. The variegated siliciclastic
Permian deposits S and SE of the Kamenna Poruba (the
Kamenna Poruba Formation) are overlain by the Lower
Triassic quartzose sandstones. They show subhorizontal
position, dipping northwestwards at 5° — 15°, which is
in a striking contrast comparing to the upright Permian
sediments of the Tatricum (the Stranansky potok
Formation), with repeated north-vergent overthrust
faults. The cyclical sedimentation is represented by two
large cycles (each ranging to 500 m in thickness, based
on the surface occurrences and borehole KV-1) and
by repeatedly alternating one above another smaller
cycles. Conglomerates-sandstones-claystones/carbonate
shales are varicoloured, from lightgrey, greenishgrey to
violet, violet-red and red colour. Mineral composition of
sandstones corresponds to arkoses and arkosic wackes.
Among pebble material in conglomerates fragments
of granitoids, gneisses, low-grade metamorphic rocks
(phyllites, muscovite- and hematite metaquarzites,
quartzose metagraywackes), acid and intermediary to
basic volcanites, were distinguished. The sediments are
characteristic of only diagenetic alteration, with calcite,
illite, quartzose, ferruginous, and scarcely anhydrite/
gypsum cementation. Dolomite-evaporite shales contain
also the authigenic albite crystals.

V-58 Valley of Ipoltica — stratotype of Ipoltica Group
and Maluzina Fm., natural exposures of three megacycles
of Maluzina Fm., Cisuralian-Guadaloupian-Lopingian,
situated within the buffer zone of NAPANT NP. Along
the Ipoltica Valley, sequences of all three megacycles
of the Maluzind Formation can be observed. The whole
succession consists of upward fining sequences, in
the order of megacycles as well as in the other type of
smaller cycles. The complex of strata reflects different
facies of a fluvial environment. A typical cycle starts with
conglomerates or conglomeratic, coarse-grained sandstone
grades over an erosional surface. Unbedded, lens-shaped
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gravel-sandstone bars and channel lag deposits may be
distinguished. The upper part of cycles is characterised
by silty or shaly overbank deposits with intercalations of
thick cross-bedded sandstones (crevasse deposits). Wavy
and lenticular bedding as well as very often intensive
bioturbation are typical structures of overbank sediments.
Horizons of dolomitic or pelosideritic concretions occur
on some levels. In the uppermost part of megacycles,
monotonous red shales and muddy siltstones accumulated,
with varying admixtures of fine-grained sandstones.

V-59 Helpa — Permian phyllites, metabasalt tuffs and
metabasalts of Predna Hol'a Complex, overlain by Early
Triassic envelope sequence and Hronicum sediments, Nizna
Boca Fm., situated within the buffer zone of Muranska
planina NP. Phyllites, metabasalts and metavolcaniclastics
of the Predna hola complex were folded together with
their Permian-Mesozoic envelope sequence during the
Alpine tectogenesis. Complicated thrust/fold system and
following shear movements and faulting highly reduced
both the Predna hol'a rock complexes as well as its
Permian-Lower Triassic envelope sequence.

V-61 Dobsina — Foederata — metamorphosed Mesozoic,
Southern Veporicum. The metacarbonates of the Federata
Group were formed from the carbonate protolith of the
Steinalm, Wetterstein, Raming and Gutenstein limestones
facies in the low-temperature (T, = 354 — 476 °C, T,
=329 — 453°C) and low- to medium pressure conditions
of the greenschists facies (0.3 — 0.5 GPa) during the

Cretaceous orogenesis.

V-63 Vy$nd MaSa — metacarbonates, Southern
Gemericum. The metacarbonates of the Southern Veporic
Federata Group were formed from the carbonate protolith
of the Middle Triassic limestones facies in the low-
temperature (T = 350 — 380 °C), and medium pressure
conditions of the greenschists facies (0.8 — 0.9 GPa)

V-65 Bukovec — flyschoid sandstones of the upper part
of Gelnica Group exposed in cliffs, Silurian-Devonian,
Gemericum. Rocks in this locality demonstrate a strong
tectonization and plastic recrystallization due to the
south-vergent Variscan tectogenesis in the Carboniferous.
Younger (Lower Cretaceous) north-vergent Alpine
structures have distinctly lower ductility and penetrate
older plastic ones.

V-66 Gulapalag — metarhyolite tuffs of Gelnica Group
exposed in cliffs, Ordovician-Silurian, Gemericum. The
locality Gul'apalag presents the Lower Paleozoic rocks
of the Gemeric Gelnica Group, manifesting a higher
grade metamorphic recrystallization (620 — 640 °C) and
tectonization in the plastic state as well.

V-67 Rakovec — gabbros and diaphtorites of Rakovec
Group, exposed in cliff, Devonian, Gemericum. Eclogitized
gabbro outcropped on eastern slopes of the altitude point
Ostra south of the village Rakovec in the Spis-Gemer
Ore Mts. (tectonic unit Gemericum) represents a relic of
magmatic chamber from the boundary zone of continental
crust and the mantle (~35 km).
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their tuffs and tuffites and porphyroids,
leucocrate granites to granodiorites,
locally porphyric and aplitic, biotite
tonalites to granodiorites are present.
The  Meso-Hercynian  collisional
granitoids include leucocrate aplitic
granites to aplites, leucocrate granites,
biotite and two-mica granites to
granodiorites, porphyric biotite granites
to granodiorites, porphyric biotite and
two-mica granodiorites to granites,
hybridic granodiorites to tonalites.
The theme involves also diorites,
serpentinites and hornblendites.

The present structure and essential
tectonic division of the Western
Carpathians reflect the ongoing Neo-
alpine tectonic processes, which have
started by the end of Palaeogene and

Fig. 1.4 Dobsmsky potok Brook in the right slope of the valley forest road at the altitude
of 574-575 m a.s.l. — Foederata Group, Middle Triassic: thick-bedded metamorphosed
limestones of grey colour arranged in the road-cut into oblique fold (Photo J. Vozar)

have taken place during the Neogene
and Quaternary periods. However, the
manifestations of the older tectonic

1.4.2 Localities of magmatites and tectonics

The sites of magmatites, dominantly granitoids, are
located mainly in the central parts of the Core Mountains.
The granitoids of the Gemericum tectonic unit (Gemericum
granites) of the S type are present in the form of smaller
bodies intruding the Old-Palaeozoic low metamorphosed
volcanosedimentary formations. Compared to Variscan
granitoids of the Western Carpathians they are enriched
in volatile elements B and F and trace elements Rb, Sn,
Li, Nb, Ta, W and Mo. In the Veporicum and Fatricum
tectonic units there is a variety of granitoids. Among
the Neo-Hercynian rocks granite and quartz porphyries,

stages — Palaeo-alpine and Neo-Hercynian ones — have not
been completely wiped out. In addition to the magmatic
sites, the theme 2 includes the most significant sites of
these tectonic stages (Fig. 1.5).

JM-01 NNR Velicka dolina Valley Ve¢ny dazd’ (Eternal
Rain) (Fig. 1.6) — megaxenolith of metamorphites, situated
within TANAP NP. In the crystalline granite core of the
High Tatras the metamorphic rocks and migmatites of
gneiss character are relatively rare. The highest incidence
of such rocks amidst the granitoid rocks occurs in the form
of sunken block, from both sides limited by faults, at the
bottom of the Velickd dolina Valley above the Velické
pleso Tarn.
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Fig. 1.5 Distribution of the sites of magmatites and tectonics in the Slovak territory
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Fig. 1.6 General view of the central part of Velicka dolina Valley from cirque-moraine glacial Velické pleso tarn (Panoramatic photo:
J. Madaras)

IM-02 Zapadné Tatry Mts. — Baranec — tectonic nappe
outlier of “Upper Unit” of magmatites and highly-
metamorphosed rocks upon “Lower Unit” — low- to
medium metamorphosed rocks, situated within TANAP
NP. In the crystalline core of the Western Tatras, in the
massif of their third highest peak — Baranec (2,184 m),
a complex of gneisses to migmatites and amphibolites
appears in the position of a tectonic outlier atop
the underlying mica schists. Two lithologically and
metamorphically different units show the presence of a
nappe structure in the crystalline area of the Zapadné Tatry
Mts. In the overburden of the gneiss-migmatite complex
there are younger — Hercynian granitoids of the Tatry core.

IM-03 Zapadné Tatry — Bystra — highly-metamorphosed
rocks of “Upper Unit” upon granitoids of Tatry Pluton,
situated within TANAP NP. In the crystalline core of the
Western Tatras, in the massif of the highest peak — Bystra
(2,248 m), atop the granitic rocks there occur quite diverse
sets of metamorphic rocks — gneisses to migmatites and
amphibolites. The metamorphic
rocks in the Bystra massif are relics
of metamorphic mantle of older
rocks into which younger granitic
magma had penetrated (intruded).

IJM-04 Vikartovce Fault — neotec-
tonically active fault, contact of
Permian rocks of Kozie chrbty Mts.
with Palaecogene Fms. of Hornadska
kotlina Basin. Vikartovce fault is
a unique example of neotectonic
(Quaternary) fault activity of the
southern foothills of the High
Tatras — horst structure of the Kozie
chrbty Mts. The activity of the fault
resulted in a very recent geological
past in a change in the watershed
between the two main streams in
the High Tatras region — Poprad and

Hornad. Madaras, 2010)

Fig. 1.7 Outcrop of gneiss at the ridge Kralova hola, towards Stredna hola (Photo: J.

JM-05 Muranska planina Plateau — quarry Muran —
Muran Fault — tectonic contact of Stolické vrchy Mts.
Crystalline (Muran orthogneiss) with Triassic carbonates
(Wetterstein dolomite) of Muran Plateau along Muran
Fault, situated within Muranska planina NP. In a quarry
behind the village of Muran there is exposed a direct
contact of two diametrically different rock units: Mesozoic
carbonates (dolomites) of the Muran Plateau Silicicum and
Early Palacozoic schists (Muran orthogneiss) of the Kohut
Veporicum zone. The contact zone contains tectonic clay;
it represents a fault plane of one of the most important
faults in the Western Carpathians — Muran fault.

JM-06 NNR Hrdzavéa dolina Valley — Muranska planina
Plateau — tectonic outlier of Crystalline and Veporicum

unit envelope below carbonatic rocks of Muran Nappe,
situated within Muranska planina NP.

IM-07 Kralova hol'a — Kral'ova skala — Nizke Tatry Mts.
(Fig. 1.7) — an example of extreme tectonic deformation
of Nizke Tatry Mts. Crystalline (mylonitisation) and
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transtension Palaecoalpine tectonics, situated within
NAPANT NP. The clifty top of the Kral'ova skala is formed
by dark grey to dark green medium-granular, locally
coarser-granular granodiorites and tonalites of the Kral'ova
hol'a zone (complex) — partial nappe of Vel'ka Vapenica.
The rocks show a typical platy to thick-bedded jointing
along the systems of extension subhorizontal mylonitic
foliation planes. The rock cliffs of Kral'ova skala and below
the top of Kral'ova hol’a are periglacial frost cliffs, which
were formed due intense frost (cryogenic) weathering and
material displacement. This weathering had reached the
greatest intensity in the cold Pleistocene glacial periods.
Some cliffs underwent further development (especially
frost weathering along transverse cracks) associated with
the creep downslope movements (solifluction), which
separated them from the rock wall; there have been
created single rock towers reaching up to 10 m in height.
At their foot frost debris and cryoplanation terraces have
developed.

JM-08 Klacianska Magura — Mala Fatra — Northern
tectonic termination of the Turcianska kotlina Basin is
an example of neotectonic activity and well-preserved
facetted slopes, which evolved due to rapid tectonic uplift
of Tatricum crystalline of Mala Fatra Mts. (Massif of
Kracianska Magura) along the Lipovec fault in opposite to
the Tertiary sediments in the Tur¢ianska kotlina Basin.

IM-09 Zuberec — Milotin — tectonic “enigma” — huge
(several tons) reworked granitoid block enclosed in
rocks of Inner Carpathian Palaeogene. In the village of
Zuberec, amid soft claystone — sandstone sediments of
Early Tertiary (Palaeogene) age, there is a large boulder
of resistant granitic rock of Younger Palacozoic (Permian)
age. Its origin is considered as exotic, being outside the
current granitoid rocks in the area. The granite is probably
the rest of the geologically older ridge made of crystalline
rocks, which by the end of Mesozoic and Early-Tertiary
separated marine basins of the Inner Carpathians from
the marine environment of the Outer Carpathians and the
Bohemian Massif.

JM-10a,b Highway tunnel Visiiové (a) — Dubna skala (b) —
complete cross-section through Malad Fatra Mts., situated
within Mala Fatra NP. In the period of 1998-2002, an
exploratory gallery of a future motorway tunnel Visiiové
— Dubna Skala was driven in the length of 7480 m. The
gallery runs across the entire mountain massif, therefore
it has provided a complete geological section through the
core mountain range of Mald Fatra. The profile through
granitoid rocks is 6081 m long. These rocks and their
petrographic and tectonic diversity can be studied in
Dubné Skala quarry, located close to the Eastern tunnel
portal.

JM-11 Velky Inovec Mts. — Povazsky Inovec — the
deepest naturally exposed part of Western Carpathian
crust — Crystalline and envelope sequence of Infra-
Tatricum. Thanks to the intense uplift and erosion on the
hill spur Velky Inovec (1,042 m a.s.l.), mica schist and

gneisses are exposed; they are probably the deepest levels
of Western Carpathians crystalline, which are accessible
to direct examination. The tectonic block is affiliated to
Selce Tatricum (Infra-Tatricum) of the crystalline core of
the Povazsky Inovec Mts.

JM-12 Dobra Voda Depression — Malé Karpaty Mts.—
seismically the most active area in Slovakia in 20"
Century; the last strong earthquake in Slovakia in year
1906 with epicentre intensity 10 = 8.5° MSK 64 and
magnitude M = 5.9, situated within PLA Mal¢ Karpaty.

JM-13 Pass Certovica — Nizke Tatry Mts. — mylonites in
Crystalline — contact of two basic tectonic units — Tatricum
and Veporicum; course of Certovica fault line, situated
within NAPANT NP. Certovica line represents a surface
projection of the the contact of two main tectonic units of
the Central (Inner) Western Carpathians — Tatricum block
fundament and overlying Veporicum unit. The contact zone
of the tectonic units is visible above the saddle Certovica
and is characterized by strong tectonic deformation and
broken (mylonitized) crystalline rocks.

IJM-14 Bystradolina Valley — Trangoska—Nizke Tatry Mts.
— ductile (plastic) deformation of highly-metamorphosed
rocks of Tatricum Crystalline of Hercynian age (cca 330
Ma), situated within NAPANT NP.

JM-15 Rejdova — Hlboké — Valley of Slané River — Stolické
vrchy Mts. — profile through Crystalline along Zdychava
fault line — an example of various deformation levels of
crystalline rocks — granitoids along significant regional
fault line.

JM-16 Kamenista dolina Valley — dolina Valley Hroncok
— Kysla — Veporské vrchy Mts. — Pohoreld tectonic line
— contact of granitoids of Vepor Pluton Kralova Hola
Complex with schists of Hron Complex, situated within
PLA Porlana.

JM-17a,b Highway tunnel Branisko — complete cross-
section through Branisko Mts.; a) Eastern portal
Palaeogene flysch complexes, overlying crystalline highly
metamorphosed rocks of the Patria Complex (hornblende—
biotite gneisses); b) Western portal — Palacogene flysch
complexes overlying Permian rocks of Korytné Fm.

JM-18 Tunnel Sitina — first double-tube highway tunnel
in Slovakia, two-mica granodiorites, mica schists, gneisses
of the Bratislava Massif. With a length of almost 1.5 km
the motorway tunnel Sitina is the first two-tube road tunnel
in Slovakia. It passes across the southern termination of
the Small Carpathians in Bratislava and it was driven in
particular in the granitoids of Hercynian age.

JM-19 Ziarska dolina Valley — abandoned gallery for
iron and silver ores — profile through Early Devonian
Crystalline — orthogneisses migmatites, amphibolites and
granitoids — of the Zapadné Tatry Mts., situated within
TANAP NP. The old mine adit in the mouth of the Ziarska
dolina Valley, probably dated back to the beginning of
the19™" Century, with a length of over 500 m, is the only
one preserved mining gallery in the Zapadné Tatry Mts. It



1. Information System of Important Geosites in the Slovak Republic

is situated in the lens of amphibolites of Early Palacozoic
age in the Western Tatras crystalline.

1.4.3 Mesozoic localities

The theme deals with the dominant carbonates sites
accross the Slovak part of the Western Carpathians. These
kinds of rocks are evolved in the Klippen Belt and in the
Palaeoalpine tectonic units (Fig. 1.8).

The Klippen Belt represents complicated narrow
tectonic zone, extended from Podbran¢ through Povazie
to Orava region, where it submerges beneath the Neogene
sediments of the Orava Basin. It crops out on the Polish
territory and in the Pieniny area it enters the Slovak
territory again. Further in the SE direction it is buried
beneath the volcanic complexes of the Vihorlat Mts. and
near the Benatina Village it crosses the Slovak-Ukraine
borders. Recent shape of Klippen Belt is the result of
mainly Tertiary destruction of Meso-Alpine fold-nappe
system.

Into the structure of the Klippen Belt s. 1. there were
dragged, besides the Klippen Belt s. s., also the units
from the adjacent original sedimentation area. These
are affiliated mainly to the Klapy, Manin and Haligovce
tectonic units.

In the Klippen Belt s. s. the Late Triassic, Jurassic and
Early Cretaceous carbonatic formations of various klippen
sequences form the morphological and structural klippens
of metre to kilometre dimensions. Their evolution was of
polyphase character, the last significant tectonic movements
occurred between Badenian and Sarmatian. The Middle
and Late Cretaceous flysch-like and marly formations
formed originally the overlier of older klippen formations.
Recently they are squeezed into or pulled out from normal
stratigraphic successions and strongly tectonized. By this
way they form the encircling environment of individual
klippens — the so-called Klippen Cover.
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The Palaeoalpine tectonic units comprise the whole-
crustunits as well as asystem of near-superficial nappes. The
crustal tectonic units — Tatricum, Veporicum, Gemericum
and Zemplinicum are built up with crystalline basement
and incorporated fragments of Hercynian tectonic units,
as well as the cover formations of the Upper Palacozoic
and Mesozoic. The Palacoalpine near-superficial nappe
units comprise the nappe system of Fatricum, Hronicum,
Meliaticum, Turnaicum and Silicicum.

RA-01 NL Beckovska hradna skala (Beckov Castle Cliff)
— profile through Triassic-Ladinian. The Beckov castle-
rock hill represents the erosion remnant of Hronicum,
which is cut from the west by the Povazie Fault, bordering
the Povazsky Inovec mountain range. The preserved bed
succession consists of three groups of sediments. The
lower group is represented by Steinalm Limestones which
are shallow-marine deposits of carbonate shelf spread in
the whole area of Hronicum. This carbonate shelf was
disintegrated into the system of basins and platforms due
to the Late Pelsonian rifting.

RA-02 Belianska dolina Valley — Belianska dolina
Valley is one of the most famous in Velka Fatra mts. It
starts at the village Bela-Dulice and its closure is below
the hill Borisov (distance 15,6 km along a green tourist
trail). From the north the valley is limited by massif of
Lysec, in which several tributaries are encarved — the most
spectacular is Sindolna Valley. One of the most enjoyed
touristic attractions of the Velka Fatra Mts. represents a
complete profile of the Siprait Sequence of the Vel’ka Fatra
Tatricum. The lithostratigraphic profile covers a period
from Ladinian till Albian-Cenomanian (Ramsau Dolomite,
Dosna Mb., Carpathian Keuper, crinoidal biosparites,
crinoildal limestones, Allgédu Beds, radiolarian limestones,
Calpionella limestone, black cherty limestones, Poruba
Mb.
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Fig. 1.8 Distribution of the sites of Mesozoic in the Slovak territory
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RA-03 Podturen — Lunz Mb., type profile, alternating
sandstones and dark profile through grey shales, Carnian.
RA-05 Zdiar, roadcut — type profile of Carpathian Keuper,
Norian. Between the Podturen Village and the town of
Liptovsky Hradok, an abandoned quarry is located, with
the best preserved Hronic Lunz Beds; the section has 50
m in thickness. The Lunz beds in this area are more than
300 m thick, which is the largest thickness of these beds
recorded in the Western Carpathians. They are typical of
alternating sandstones and dark-grey shales.

RA-06 NNR Prielom Dunajca (Dunajec Breakthrough)
— Klippen Belt, Jurassic—Cretaceous, situated within
PIENAP NP. The most valuable parts of the Pieniny Mts.
were declared a National Park (PIENAP) in 1967. It is
the smallest national park in Slovakia covering an area
of 222.44 km? The PIENAP territory is characteristic
of klippe and karst relief with remarkable concentration
of surface and underground karst phenomena. Among
them very spectacular are river gorges which have been
formed thanks river erosion. The largest one is the Gorge
of Dunajec, which starts on our territory near Cerveny
Klastor and it continues eastwards till Lesnica. The
Dunajec River incised within the Mesozoic (dominantly
Jurassic, less Cretaceous) formations of the Klippen Belt.
The meandring fluviokarst gorge is of so-called antecedent
nature (incised into the territory with continuous uplift);
geological structure was another factor.

RA-07 NL Devinska hradna skala (Devin Castle Rock) —
Jurassic — profile through Permian to Jurassic of Tatricum
of the Malé Karpaty Mts. The Devin castle hill is built
by basement phyllites, Upper Permian terrestrial clastics,
Lower Triassic quartzites, Middle Triassic dolomites and
Lias limestones from E to W. The western cliff wall is
formed by Middle Lias biodetritic (crinoids, belemnites,
brachiopods) breccia limestones with angular clasts of the
underlying dolomites. The limestones intrude deeply into
the Triassic basement forming fissure fillings and neptunic
dykes, pointing to an extensive erosion and faulting before
the Lower Jurassic transgression. The Devin Succession
is a sedimentary cover of the pre-Alpine basement of the
Bratislava Nappe overlying the subautochthonous Borinka
Unit.

RA-08 NNR Vrsatské brala (Vrsatec Cliffs) — fossil fauna,
geomorphology, Jurassic—Early Cretaceous, situated
within Biele Karpaty PLA. The group of main VrSatec
Klippen is the largest in Slovak territory and in the entire
Pieniny Klippen Belt (PKB). The cliffs are situated above
the Vrsatské Podhradie village, NW of the Ilava town. This
locality consists of two tectonic blocks that belong to the
Czorsztyn Unit: the VrSatec Castle Klippe and the Javornik
Klippe. They are formed by a succession of the Middle
Jurassic-Lower Cretaceous carbonates that are capped
by the Upper Cretaceous marls. Importantly, this locality
exposes relatively thick, coral-dominated biohermal de-
posits, which are missing or very rare in other Jurassic
successions of the PKB.

RA-09 NR Cervenokamenské bradlo (Cerveny Kamei
Klippen) — amonite fauna, Jurassic, situated within Biele

Karpaty PLA. Dissected klippe of Cerveny kameti thrones
over the village of the same name. In 1966 and 1986 it
was declared Nature Reserve. Immediatle to the main
monolith a higher cliff is located, westwards a smaller cliff
which passes into distinct ridge called “Chinese Wall”.
The territory is made of weathering-resistant Czorsztyn
Limestone of Jurassic age encompassed within Late
Cretaceous envelope — Puchov Marl.

RA-10 NR Kozinska — Klippen Belt, Jurassic, type profile
of the Orava Unit, situated within the buffer zone of Mala
Fatra NP. A klippe which forms two hills north of the
Zazriva Village in Orava territory of Slovakia belongs to
the Orava Unit. It is the type klippe of the unit defined
by Hasko (1978). The klippe represents a false anticline.
In fact it is a reversed dish-like syncline. Along with the
Kysuca-Pieniny Unit, the Orava Unit is the most deep-
water unit of the Pieniny Klippen Belt (according to the
stratigraphic development even the deepest one). The
entire klippe is cut by the Zazrivka Creek into two parts.

RA-11 Skladana skala—Allgédu Mb., Jurassic, type profile in
abandoned quarry, thin-bedded marly limestones. The site
represents a unique complex exposure of the occurrence of
the Allgédu Fm. in the Western Carpathians. More than 80
meters high artificial outcrop (quarry) represents distinctly
thin-bedded grey speckled limestones with positions
of grey marls. Typical for this type of limestone is the
presence of variously large and varied shapes of dark grey
to black spots, which are oriented mostly parallel to the
stratification.

RA-12 Liptovska Osada — NL Triasovy ttes (Triassic Cliff)
at Liptovska Osada, Raming and Korytnica Limestones in
abandoned quarry, massive biohermal Ladinian Raming
Limestones, overlain by dark, bedded organodetritic
Korytnica Limestones of Early Carnian age. Situated
within the buffer zone of NAPANT NP.

RA-13 NL Dogerské skaly (Dogger Cliffs) — Zdiar Fm.,
deep-sea (bathyal) lithofacies of the Zliechov Sequence of
the Krizna nappe. The Dogger sequence consists of red
and green radiolarian limestones to radiolarites. Situated
within the buffer zone of NAPANT NP.

RA-14 NL Meliatsky profile (Meliata Profile) — stratotype
of Meliata unit, Triassic-Jurassic, bank of the Muran
river, about 220 m long and locally up to 25 m high
natural outcrop. The base of the section begins with
thick white crystalline Honce Limestone (most probably
metamorphosed Steinalm Limestone) of the Lower
Anisian. In the upper part, the red shaly intercalations of
the Zarnov Fm. are present. Above the white crystalline
and red Anisian limestones, radiolarites of various colours
(predominantly red) follow in the section (Ladinian). Their
contact with the underlying limestone is, however, covered
by debris and soil. Between the variegated radiolarites and
the overlying units, a sharp contact occurs in the form of
a thin intercalation of greenish claystone (0 — 7 cm). It is
followed by an olistostrome layer (6 m in the upper part
of the outcrop) composed of lithoclasts of grey, grained
and cherty Carnian limestones (10 — 30 cm size), also an
angular block of the red radiolarite (20 x 10 cm in size)
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was found. The olistostrome is locally strongly squeezed
with a minimum content of matrix, resembling a coarse
nodular limestone. Above the carbonate olistostrome, the
content of dark calcareous shales increases (10 m) with
decreasing quantity of the limestone olistoliths. In some of
them, Carnian and Norian conodonts were found (Kozur &
Mock, 1973; Mock in Mello, 1975). Deposition of the grey
calcareous shales in the upper part of the section gives way
to a huge complex of non-calcareous claystones, in places
with thin layers of grey and greenish-grey radiolarites.
They contain radiolarian assemblages of Middle Jurassic-
Early Oxfordian age.

RA-15 NL Litmanovsky potok Brook — pyritized
amonites in the bank and on the bottom of the creek,
which originate from black and dark-grey claystones and
spotted marlstones (“fleckenmergel”) and pelocarbonates,
Jurassic. In the Litmanovka Brook in Litmanova, there
are scattered pyritized ammonites, which originate from
black and dark-grey claystones and
spotted marlstones (“fleckenmergel”) and
pelocarbonates (Nemcok et al., 1990).
These rocks are rich in pyritiyed, mainly
ammonite macrofauna. The thickness of the
beds is up to 10 m. The whole formation is
a component of the Klippen Belt.

RA-16 NR Pod Pajsttinom — olistolith
cliff, Lias limestone of Borinka type.
Several tens of meters thick body of
brecciated Ballenstein-type limestones
occurs among turbiditic sequences of the
Korenec Fm. This consists of alternating
shales marlstones and sandstones to
sandy limestones, the turbiditic nature
of which is indicated by the presence of
almost complete Bouma intervals. Limy
mud-supported intra- and dominantly
extraclastic brecciated limestones
deposited from cohesive mud to debris
flows form probably the channel filling
in these more distal zones of the Borinka
halfgraben in comparison with the quarry
Prepadlé. Mass-flows in channels could carry large
megaolistoliths (more than 100 m in diameter) of Triassic
carbonates.

RA-17 NR Rochovica — profile through Kysuca section
of the Klippen Belt, Jurassic-Cretaceous. The Rochovica
section is located near Zilina in NW Slovakia. The section
in the “Kysuca Gate™ narrows was cut by the Kysuca
River penetrating from the north into the Vah River Valley
across a large klippe of the Kysuca Unit (Rochovica
is one of the type sections of this unit). The klippe is
limited by thrusted Palacogene flysch complexes of the
Outer Carpathian Magura Unit from the north, and by
Upper Cretaceous shales of the Manin Nappe from the
south. Uppermost Tithonian — Lower Albian Majolica-
type limestone sequence is exposed both on the foot of
the Rochovica Hill, in a local road escarpment between
Rudinka and Vranie villages and in erosive terrace of the
Kysuca River. This is the best exposed area of the Pieniny
Limestone Formation in the Kysuca Unit.
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RA-18 Orava Castle, NL Hradné bralo (Castle Rock), —
profile through Orava section of Klippen Belt, Jurassic.
In the tectonically complicated section, following
lithostratigraphic units can be distinguished from the
base: spotted marly limestones with ammonoids (Allgiu
Fm.: Upper Sinemurian), greenish-grey limestones (Kozi-
nec Fm.: Pliensbachian), pale grey weakly spotted
limestones with belemnites (Upper Pliensbachian), red
pseudonodular limestones (Adnet Limestone: Toarcian),
green and red silicites and siliceous limestones (Aalenian—
Oxfordian), red nodular limestone (Czorsztyn Lst. Fm.:
Kimmeridgian) and pale grey micritic limestone (Pieniny
Lst. Fm.: Tithonian—Berriassian).

RA-19 NNR Zadielska tiesniava — canyon in limestones,
Triassic, Silicicum unit, situated within Slovensky kras
NP (Fig. 1.9). Typical karst canyon with a length of about
4 km. At the bottom the width reaches from 20 to 100
m, the depth of the incision is up to 300 m. The canyon

Fig. 1.9 National Nature Reserve Zadielska tiesiava — Zadiel Gorge, mouth of karst
canyon (Photo J. Madardas)

cut through the Triassic sandstones and dolomites. In
the medium section of the valley there is a remarkable
rock cliff — Cukrova homol'a (Sugar Loaf), enjoyed by
climbers. In the upper part of the canyon there are several
exsurgences and numerous caves (Misik, 1976).

RA-20 NR Klape — profile through Klape Unit of Klippen
Belt, Early Jurassic. The klippe Klape is made of almost
exclusively Jurrasic rocks; their lithostratigraphy was
described by Began (1987). This klippe is encompassed
by marly/flysch complex (Nimnica Fm.). Accounting for
inverted position of the flysch sequences as well as that
no direct contact between Jurassic of the klippe and the
Albian flysch has been observed, we are not sure, whether
these two lithologies represent a continuous sequence. The
enigma lies in explanation of the Klape Klippe within the
flysch sediments.

RA-21 NNR Tistd — fold of Tlstd, dominantly Gader
Limestone of Middle Triassic, situated within Vel'ka Fatra
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NP. Tlsta Hill is one of the dominants of the western part
of the Velka Fatra Mts. The massif is made of Gader
Limestone. The type profile is situated in the Véapenna
dolina Valley on the western flanks of Tlsta (blue tourist
trail up to the summit of Tlstd). The Gader limestone is
very pure; therefore it is prone to karstification process.
In the massif of Tlsta there are numerous caves: Mazarna,
Biela, Stipova, Textorisovej, Havranova, etc.

RA-22 NNR Tiesnavy — Cho¢ Nappe, Triassic — Vratna
dolina Valley — profile through Cho¢ Nappe, situated
within Mala Fatra NP. Almost the entire Vratna dolina
Valley is situated within the dolomites of the Cho¢ nappe
which thanks to selective weathering create bizzare turret-
like objects; some of them were accordingly named, for
instance Monk, Camel etc. After crossing the narrow
gorge at the left side we can see the deposits of the rock
fall. At the closure of the gorge there is Reifling Limestone
and the last cliff is dolomite again. Its alternation with
dolomites proves for existence of several structures of
probably inverted folds. Just behind a brook, below the
Middle Triassic dolomites, Neocomian marly limestones
of the Krizna Nappe are exposed.

RA-23 NNR BorisSov — profile through the Krizna
Nappe, Triassic—Cretaceous, situated within Velka Fatra
NP. The Borisov Hill in the Velka Fatra Mts. is one of
several peaks here which are formed of Jurassic Mraznica
Formation (Kriznea Ostredok, Ploska, Lysec). From the
lithology point of view the rocks are grey, dark-grey marly
limestones, marlstones and marly shales.

RA-24 NR Velka Lucivna — profile through the Tatricum
envelope unit, Cretaceous, situated within Mala Fatra
NP. The ascent of the Velka Lucivna Valley starts in the
Gutenstein Formation represented by Middle Triassic
dark-grey to black thick-bedded Gutenstein (Annaberg)
Limestones (1 km). Than the valley splits and we continue
the ascent to the right and we pass into the Ramsau Do-
lomite of Middle-Younger Triassic. The Ramsau Dolomite
is irregularly stratified in prevail, the thickness of the beds
fluctuates in the range of 2 to 120 cm. The dolomite is
compact, fine-grained, the colour is pale-dark-grey.

RA-25NNR Cho¢ — Vel’ky Cho¢ — profile through the Cho¢
Nappe, Triassic. The top of the Vel'ky Cho¢ Hill represents
a fault outlier of the Cho¢ Nappe, which has received its
name from this very site. This nappe was overthrust from
south or south-east some 90 million years ago. Thanks to
erosion and denudation it has been preserved in the form
of tectonic outliers, solely. The fundament for the Triassic
rocks of the Cho¢ Nappe create the Cretaceous rocks of the
Krizna Nappe.

RA-26 NNR Prosiecka dolina Valley, gorge, profile
through the Cho¢ Nappe, Triassic. The middle and upper
sections of the canyon are dry, the stream flows here
through obscure underground spaces (Gross et al., 1993).
The mid-part of the valley is more open, which is due to
exposure of Reifling Limestone and rather soft Lunz Beds.
Atop of them and dolomites there are horizontal or slightly
N-dipping overthrusted Gutenstein Limestones of the
medium digitation, which build up the rocky cliffs here.

The Reifling Limestones and Lunz Beds are sporadically
uncovered on the surrounding flanks. The most picturesque
part of the canyon is its closure, carved again within
Gutenstein Limestone of the upper digitation.

RA-27 NNR Haligovské skaly — (Haligovce Cliffs)
— profile through the Haligovce unit of the Klippen
Belt, Jurassic-Cretaceous, situated within PIENAP NP.
Very rich in surface and karst forms in Pieniny Mts.are
Haligovské skaly (Haligovce Cliffs) — a stony wall north
of the Haligovce Village. They are very intense dissected
due to combined erosion-denudation process supported
by karstification. The surface karst forms are present like
schrattens or lapies, rock needles and towers; quite unique
is the stone gate and bridge. The underground karst is
present in the form of caves. Up to now there have been
studied and registered 23 of them. The largest one is the
Axamitka Cave, dwelled already by Paleolithic man.
It is formed within Middle Triassic to Jurassic rocks of
the Haligovce Sequence. Among the other caves we may
note Jazvecia jaskyia (Badger Cave), Jezovka (Hedgehog
Cave), Skryvacka (Shelter Cave), Zbojnicka jaskyna
(Robber Cave), Cave Emmental, Lebka (Skull) and nu-
merous smaller caves.

RA-28 Bzince pod Javorinou — profile through the
Nedzov Nappe. Jurassic — Cretaceous sediments of the
Nedzov Nappe in the northern part of the Cachtické
Karpaty Mts. occur in form of narrow lenses or more
or less continuous stripes. In the quarry, their intensive
fold-and-thrust deformation is visible, with general dip to
the south or southeast, which is typical for them. In the
left part of the quarry, grey, pale-grey, brownish to pink
bedded limestones occur, locally slightly crinoidal. In
the most strongly folded limestones there are claystone
layers, locally with pyrite. The limestones are biomicrites
to biosparites. Directly above the quarry in the crinoidal
varieties, foraminifer Triasina hantkeni can be found.
According to the lithological character and the Late
Triassic age, the limestone can be named as Dachstein
Limestone.

RA-29 Nitra — Pyramida+Zobor — Early Triassic quartz-
stones and Lias limestones of Tatricum in natural outcrops,
situated within Malé Karpaty PLA Ponitrie. A complex
development of the Luzna Formation (Tatricum) is very
well exposed on rocky cliffs of the Zobor Hill above
Nitra. The bottom part of the profile is made of fine- to
medium-grained quartzites with planar cross-bedding. The
thickness of the formation is estimated to 200 — 300 m.

RA-31 NR Krslenica — organodetritic and reef limestones
of Veternik Nappe — Triassic, situated within Malé
Karpaty PLA. Anisian thin-bedded nodular cherty Reifling
Limestones are covered by thin organoclastic Raming Lst.
and by very thick (800 — 1000 m) Wetterstein fore-reef
complex. Anice section of the latter is situated on the S slope
of the Krslenica Hill. It enables to study the prograding of
the Cordevolian carbonate platform over an intraplatform
basin. Fore-reef material consists of dolomitized fine
grained carbonate debris (2 — 20 mm) with huge reef
limestone blocks (I — 40 m in diameter), diminishing
upwards. Intercalations of brown-gray micritic limestone



1. Information System of Important Geosites in the Slovak Republic

with crinoid ossicles occurring in the middle part of the
section indicate a transgression episode. The upper part of
the section consists of true reef limestones. The reef core
is built by calcisponges, hydrozoans, stromatoporoids and
codiacean algae. Corals occur in the back-reef facies.

RA-32 Plavecky Peter — Jezovka — Abandoned quarry,
Lunz (Reingraben) Beds, Opponitz Lst. Fm., Hauptdolomit,
“Dachstein” Lst. Fm. and Rhaetian Norovica Fm. of
Havranica Nappe, Norian, situated within Mal¢ Karpaty
PLA. Upper Triassic sequence of the Havranica Nappe
attains a thickness of about 1200 m. It consists of Lunz
(Reingraben) Beds, Opponitz Lst. Fm., Hauptdolomit,
“Dachstein” Lst. Fm. and Rhaetian Norovica Fm.
Southern end of the quarry below the Bukova Dam
exposes the uppermost part of the Hauptdolomit. Dolomite
layers are of more or less cyclic nature. Lower part of
the beds contains dolomite clasts, organic debris and
foraminifers (Agathammina austroalpina, Angulodiscus
sp., Frondicularia sp.).

RA-33 Chtelnica — Cernik — glauconite limestones with
ammonites — Sinemurian. The site is situated within Malé
Karpaty PLA. The locality belongs to one of the highermost
nappes of the Hronic group, the so-called Nedzov Nappe.
It is formed of Triassic, Jurassic and lowermost Cretaceous
(Valanginian) sedimentary rocks. Lower Sinemurian
deposits with ammonite fauna are exposed at two places,
approximately 30 metres one from another, separation of
the two outcrops is due to local tectonics. The first one is
in the road-cut on the right side of the road from Chtelnica
village to local dam NW of the village. The second one is
on the afforested slope above this road.

RA-34 Podbranc¢ — onset of Klippen Belt, active Podbran¢
quarry yield untypical section of the Kysuca Unit of the
Klippen Belt, Jurassic, Cretaceous/Neogene transgression.
The outcrops situated on the three levels of the still active
Podbran¢ quarry yield untypical section of the Kysuca Unit
of the Klippen Belt. This section offers unique possibilities
for detailed bio-sequence, and isotope stratigraphic
investigation. The preliminary biostratigraphic framework
is based mainly on calpionellid distribution (Rehakova
1995) supplemented by calcareous nannofossils, calcareous
dinoflagellate-, planktonic foraminifer-, radiolarian-, as
well as ammonite- and aptychi zonations.

RA-35 Trstena — HaleCkova — In the old abandoned quarry,
a part of the Pieniny Succession (deep-water sequence
of the Pieniny Klippen Basin) is visible in tectonically
overturned position. The uppermost part of the quarry
contains Fleckenkalk/Fleckenmergel-type facies (former
Supra-Posidonia Beds — Bajocian). In the basal part of
the quarry radiolarites of the Pieniny unit can be seen,
Cretaceous.

RA-36 Bradlo — Hrombaba — organodetritic limestones
of the Brezova Group in natural outcrop, Senonian.
Bradlo is the highest hill of the Brezovské Karpaty
Mits. Its top is composed of Siroké Bradlo Limestones
(Upper Campanian-Lower Maastrichtian), which are the
best exposed at Hrombaba locality, situated east of the
Bradlo summit. The limestones represent coarse-grained
organodetrital limestones to conglomerates, fine-clastic
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limestones — calcarenites, organodetrital limestones with
orbitoids and grey marls to marly limestones. They are
exposed in a natural cliff on the top of the ridge.

RA-37 Rohata skala — limestones of the Cho¢ Nappe —
profile from Lias to Neocomian, situated within Strazovské
vrchy PLA. Variegated, pink, white and reddish coarse- and
fine-grained massive crinoidal limestones, in places with
randomly scattered nodules of red and brownish cherts,
are exposed in an abandoned quarry near the road between
Belusské Slatiny and Mojtin in the Strazovské vrchy Mts.
The brachiopod fauna points to the Middle Lias age (up to
Pliensbachian). The limestones belong to the Cho¢ Nappe
(Hronicum Unit).

RA-38 Nosice — exotic conglomerates of the Klapy unit,
Albian. Nimnice — Dam of Youth and Spa. Some of the
technical data on the dam are on the panel. This 500 m
long and 35 m high gravity dam creates a reservoir of
36 millions m?® of water. It was founded within formations
of the Klippen envelope. The right wing of the dam is
founded in terrace sediments of the Vah River, the dam
itself rests upon Middle Cretaceous marly shales. During
the excavations works for the dam a mineral water was
met with a content of carbon dioxide. As such water is
highly aggressive against concrete special measures had
to be taken — the foundation base was covered by basalt
cubes and these were sealed with asphalt.

RA-39 Liptovsky Hradok — in the abandoned quarry,
Lunz Fm. of the Cho¢ Nappe is uncovered, Norian. In
the quarry, Upper Triassic Lunz Fm. of the Cho¢ Nappe
is uncovered. The Lunz Formation, a characteristic
member of the Cho¢ cover nappe, is of Carnian age and
attains a thickness of up to 300 m. Turbiditic nature of
this siliciclastic sequence is revealed by lamination,
convolute bedding, slump structures, wave and oscillation
ripple marks, hieroglyphs and plant debris. The Lunz Fm.
represents probably a humid climatic event in otherwise
arid carbonate platform Triassic succession of the Cho¢
Nappe.

RA-40 Silickd Brezova — profile through Late Triassic
of Silica Nappe, In the quarry, Upper Triassic Lunz Fm.
of the Cho¢ Nappe is uncovered. The Lunz Formation,
a characteristic member of the ChoC cover nappe, is
of Carnian age and attains a thickness of up to 300 m.
Turbiditic nature of this siliciclastic sequence is revealed
by lamination, convolute bedding, slump structures, wave
and oscillation ripple marks, hieroglyphs and plant debris.
The Lunz Fm. represents probably a humid climatic event
in otherwise arid carbonate platform Triassic succession of
the Cho¢ Nappe. Situated within Slovensky kras NP.

RA-41 Stepnicka skala — Jurassic of the Czorsztyn
unit of Klippen Belt. Stepnicka skala is a klippe on the
hill with the same name SSW from the town of Ptchov,
about 500 m SE from the Stepnice settlement (part of the
Strezenice village). Towards the Vah valley there is an
abandoned quarry in the klippe in which substantial part
of the klippe lithology is exposed. The klippe (in reversed
tectonic position) belongs to the Czorsztyn Unit of the
Pieniny Klippen Belt. This development, however, has no
analogy in other klippen.
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RA-42 Zazrivka Valley — the most complete profile
through Triassic to Neocomian of Krizna Nappe. Situated
within the buffer zone of Mala Fatra NP. Its basement is
represented by Albian sandstones of the Tatric Poruba
Formation. They belong to an exotic flysch, containing
chrome-spinels of oceanic crust provenance. Continuation
of the profile goes by a forest road that starts in the
neighbouring Velka Lucivna Valley and starts at its
mouth. At the beginning, the road goes westward into
the mountains and later it turns right, and meanders
generally to the north. It runs through the Ramsau
Dolomites (Ladinian) and after some kilometres the first
outcrops start to appear (GPS coordinates: N 49°13°8.17”,
E 19°09°23.43”). The dolomites are pale-grey, platy
to bedded (dipping approximately to the north), with
typical features of the super-shallow supratidal sabkha
sedimentation. Along the forest road, which still runs in
the dolomites we will come to an outcrop, where two about
1 m thick layers are interbedded among the dolomites.
(GPS coordinates: N 49°13°15.95”, E 19°09°24.317).
These represent a distal onset of the Upper Carnian
Lunz Beds. The Lunz Beds reflect the so-called Carnian
Pluvial Event, when there was a temporary (for about 3
Ma) climate change from aridic to humid environment.
The forest road then also continues in Main Dolomite
(Ger.: Hauptdolomit, Ital.: Dolomia Principale). After
several hundreds of metres, a change appears at the sides
of the forest road. The outcrops disappear, soil turns to
red and the slopes show features of instability, expressed
by landslides (wavy terrain, bent trees, etc.). All this is
caused by the presence of the next formation — Carpathian
Keuper (Norian). This formation consists of three various
rocks. It is dominated by red, violetish, locally greenish to
black shales, often with rod- to needle-like disintegration.
There are also isolated dolomite layers up to 1 m thick.
Unlike the previous dolomites, these are not pale-grey,
but they have yellowish patina crust, disintegrating into
sharp debris. Also the oxygen isotope record of these
dolomites is closer to the fresh-water carbonate record
than the marine one which is typical for the Ramsau
Dolomites and the Main Dolomite. It is caused by change
from the supratidal sabkha sedimentary environment to the
environment of salinary lagoons. Frequent hypersalinity
was quite hostile; therefore, the formation contains almost
no fossils. The third member of the formation are quartz
sandstones to quartzites which also form isolated layers
up to several decimetres thick. They locally contain layers
of breccias and conglomerates (e.g. in fresh outcrops in
the Sokol Valley). In the claystone shales, red silicite
concretions (cherts) occur locally. The Carpathian Keuper
continues along the forest road almost as far as the
intersection with the Trzinovo Valley (GPS coordinates: N
49°13°20.23” E 19°08°36.96”). There appears a not very
thick formation of dark limestones, locally with rich fauna
forming even coquinas — Fatra Formation (Rhaetian). The
fauna, however, is not very diversified and the coquinas
are strongly dominated by brachiopods Rhaetina gregaria,
less represented are other brachiopods and bivalves,
among others also Rhaetavicula contorta. The limestones

contain biostromes of corals Rhatiophyllia clathrata,
which are, however not seen at the forest road (they can be
found for instance on the slopes of the Trzinovo Valley).
Still before the intersection with the Trzinovo Valley, the
Fatra Formation ends (its true thickness is just several
tens of metres) and is replaced by a formation of dark
sandy shales and clayey-sandy, platy to bedded limestones
with rusty patina on the surface. The limestones contain
crinoidal allodapic intercalations, common belemnites
and rare ammonites and nautiloids. They also locally
contain phosphatic concretions and phosphatized clasts. It
is Kopienec Formation of the Hettangian to Sinemurian
age (GPS coordinates of an outcrop at the forest road: N
49°13°23.30”, E 19°08°25.617). After several hundreds
of metres, the Kopienec Formation is replaced by spotty
limestones to marlstones of the Pliensbachian to Aalenian
age (the so called fleckenmergel — Allgidu Formation). At
several outcrops (GPS coordinates: N 49°13°35.95”, E
19°08°37.33”) it is obvious that the bedded limestones
are dominant, whereas the marlstones form just thinner
interlayers. In this formation, ammonites and belemnites
may be found locally. The spotty limestones and marlstones
represent a deep marine hemipelagic sediment, analogical
to the recent “blue muds” on the ocean floors. The spotty
appearance is caused by extensive bioturbation mainly by
worms. On the bank of the Zazrivka River down in the
valley, an isolated lens of manganese shales with some
pyritized ammonites occurs within the spotty limestones.
The shales were also a subject of raw-material prospection.
However, its small dimensions and localization in the
national park prevent it from mining and it represents just
a small mineralogical occurrence. During the Toarcian, a
large anoxic event took place which resulted in deposition
of similar black shales all around the Tethys. In that time,
the well-known manganese deposits originated (e.g. Urkit,
Marianka, etc.). Upper parts of the Allgdu Formation are
silicified and form the so-called “siliceous fleckenmergel”
of Aalenian age (GPS coordinates: N 49°13°43.58”, E
19°08°34.30”). Right after it, after a tectonic fault contact,
the first outcrops of greenish-grey, platy to bedded
radiolarian limestones of the Zdiar Formation can be seen
(GPS coordinates: N 49°13°45.19”, E 19°08°34.53”). In
the left part of the outcrop they form a flexure, generally
dipping southward. Further along the forest road, the dip
of the formation often changes (the beds commonly form
folds — GPS coordinates: N 49°13°51.86”, E 19°08°31.44”)
as well as its lithology. The rocks are more siliceous and
locally they form true radiolarites, turning to sharp-edged
detritus when weathered. Their colour changes from the
greenish-grey to red. Only poorly preserved Callovian to
Oxfordian radiolarian fauna was extracted from the Zdiar
Formation. From macrofauna, rhyncholites and aptychi
can be rarely found; finer calcareous shells were mostly
dissglved by CO,-saturated water (below CCD). Above
the Zdiar Formation, red nodular Saccocoma limestones of
the Jasenina Formation occur (Kimmeridgian). This, only
several metres thick formation is frequently tectonically
reduced and missing. Also at the forest road there are no
outcrops visible, only several fallen blocks. Immediately
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behind them, however, next formation crops out. After a
tectonic contact, outcrops of the Osnica Formation appear
(GPS coordinates: N 49°13°55.33”, E 19°08°35.17”).
They represent grey, fine-grained micritic limestones
of the Tithonian to Berriasian age. They often contain
pressure sutures — styloliths. Unlike similar Tatric Luc¢ivna
Formation they do not contain cherts. The limestones are
almost free of any macrofauna. Immediately after some
tens of metres, at the next curve of the forest road, there is
and outcrop of Mraznica Formation (GPS coordinates: N
49°13°58.32”, E 19°08°36.05”). It represents shaly, locally
spotty marlstones of the Valanginian to Barremian age.
This formation is the thickest one of the whole nappe and
cause relatively smooth relief forms on the Krizna Nappe
rocks. At a curve (GPS coordinates: N 49°14°04.56”, E
19°08°24.04”) between the hills Ostré (1,167m a.s.l.)
and Na Ostrom (931 m a.s.l.), where the forest road
turns westwards to the Medziholie Pass, thin turbiditic
sandstone layers are visible. They are StraZzovce Turbidites
(Hauterivian) which are the first expression of sedimentary
unrest and onset of the exotic material. Some Lower
Cretaceous ammonites and belemnites can be found at the
locality.

RA-43 Butkov — complete profile through Lias to
Neocomian of the Manin unit. One of the largest quarries
for limestone in Slovakia. The main raw mineral are
Jurassic to Cretaceous limestones of the Klippen zone
(Butkov development). There are also Albian-Cenomanian
marlstones present in the quarry, which serve as correction
component for the Portland cement production.

RA-44 NNR Zdiarska vidla Ridge — Krizna Nappe facies,
Triassic to Cretaceous. Situated within TANAP NP. The
Muran limestones give picturesque and geologically
remarkable morphology of the rocky massives, mainly on
the main ridge of the Belianske Tatry Mts. and on their
northern flanks. The thisckest and most consistent mass is
developed within the central part of the mountain range,
from Murén, through Zdiarska vidla, Hlupy till Placliva
skala peak.

RA-45 Brodno — type profile of the Kysuca unit of the
Klippen Belt, Jurassic to Cretaceous in natural outcrops.
Posidonia Layers — grey and black shales with horizons
of sandstones and limestones, and Czorsztyn Limestone —
are exposed in the roadcut Zilina — Cadca and abandoned
quarry near the railway station Brodno. The upperlying
members Supra-Posidonia layers and radiolarites have
been preserved in the slope debris.

RA-46 Marianka — Mariatal shales — Toarcian — Jurassic
Mariatal shales of the Borinka unit, relics of abandoned
quarry, stope and gallery. Dark anoxic shales with
calciturbidite intercalations represent sedimentary filling
of axial parts of the Borinka Basin, an inferred halfgraben
formed by Lower Jurassic rifting at the Penninic (Vahic)-
Austroalpine (Tatric) interface. The Lias/Dogger boundary
is marked by a considerable change in the basin evolution,
probably as a reflection of the break-away event of the
Penninic ocean. In the last century, the Marianka shales
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(Mariathaler Schichten) were mined as roofing slates and
writing tablets.

RA-47 NR Borinka — Medené Hamre — Borinka Limestone
and Somar Breccia of the Borinka unit in the abandoned
quarry, Lias, situated within Malé¢ Karpaty PLA. The
base of the Bratislava Nappe comprises an association of
rocks and structural elements characteristic for ductile-
brittle shear zones. The zone is a few tens of meters
thick, accompanied by mylonitized granites, indistinct
S-C mylonites, phyllonitized metapelites, en-enchelon
systems, ultramylonites and tectonic breccias. Asymmetric
structures of S-C mylonites, indistinct stretching
lineation and quartz c-axes fabrics prove for non-coaxial
deformation with simple shear component from the SE to
the NW. Being more ductile, the Borinka Lias limestones
display distinct stretching lineation in the footwall of the
overthrust plane of the Bratislava Nappe, slightly dipping
to the SE.

RA-48 Vysoka + Pristodolok — profile through the Vysoka
unit, Jurassic, situated within Malé¢ Karpaty PLA. In the
profiles through the stratified cliffy ridge of the Vysoka
Hill and its eastern branch towards Oberheg there are
several points with very good exposed lithology and
sedimentology of a remarkable development of Middle
Triassic Gutenstein Formation of the Fatricum Vysoka
Nappe (Michalik et al, 1992). Bioclastic, synsedimentary
deformed and other types of limestones were allocated
to the sediments of extremely shallow carbonate ramp —
platform — affected by storm inrushes and seismic activity
(tempestites, tsunamites — Michalik, 1997).

Fig. 1.10 Bernatina, abandoned limestone quarry, detail of
“whale” (Photo P. Lisc¢ak)
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RA-49 Benatina — Lias + Dogger of the Czorsztyn unit
of the Klippen Belt in the abandoned quarry (Fig. .10).
Benatina Klippe in the Pieniny Klippen Belt in eastern
Slovakia shows the complete succession, which may be
interpreted as a variety of the Czorsztyn Succession. It is
formed by Lower Jurassic to Upper Jurassic (Oxfordian)
deposits well dated by ammonite fauna. The Lower
Jurassic includes: sandstones and sandy marls (Dolny
Mlyn Fm., ?Hettangian — Early Sinemurian), spotty
limestones and marls (Allgédu Fm., Late Sinemurian — Late
Domerian), glauconitic sandstones overlying marlstones
(Horka Fm. — Late Domerian), red marls (Hfbok Marl Fm.
—new formation, Toarcian). For the latter two formations,
Benatina represents locus typicus. The Middle Jurassic
part of the succession comprises thick crinoidal limestone
formation (Aalenian — Bajocian), which is abruptly
overlain along a marked omission surface by pelagic
ammonitico-rosso type limestones of the Czorsztyn
Limestone Fm. (Late Bajocian — Oxfordian). The Lower
Cretaceous occurs also in the quarry. It corresponds to
the Niznd Fm. and consists of various deposits such as
crinoidal limestones, synsedimentary limestone breccia
and marls containing abundant organodetrital material of
the Urgonian shallow-water carbonate platform origin.

RA-50 Pristodolok — profile through the Vysoka unit. The
Vysoka nappe stratigraphic profile covers Middle Triassic
to Middle Cretaceous rocks, situated within Malé Karpaty
PLA. The Vysoka nappe stratigraphic profile covers
Middle Triassic to Middle Cretaceous rocks. From the
Cottage Vyvrat we are passing by red shales of Carpathian
Keuper, which is exposed in the railway cut. Further on,
there are Late to Middle Jurassic limestones — the rock
walls are made of thick-bedded red crinoidal limestones
(Middle Dogger). Lias limestone complex sets on in a
small abandoned quarry with grey, sandy, crinoidal thin-
bedded limestones (Vyvrat Fm.). They overlie dark-grey to
black markedly crinoidal liemstones with abundant cherts
rich in brachiopod, belemnites, ammonites and crinoids of
the Sinemurian age.

RA-52 Hatné — Hradok — profile through the Czorsztyn unit
of the Klippen Belt. The klippe of red crinoidal limestones
of Bajocian age (Krupianka Lst Fm.) passing upwards in
the uppermost preserved part, to red nodular limestone
(Czorsztyn Lst Fm.). The locality has been mentioned by
Pevny (1969), who described its brachiopod fauna in detail.
He reported the following Bathonian brachiopods from this
locality: Loboidothyris perovalis (Sow.), Gnathorhynchia
trigona (Quenst.), “Rhynchonella” balinensis (Suess)
and Aulacothyris concava (Parona). Crinoidal limestones
forming the main portion of the klippe display sedimentary
features which are not typical for these sediments known
from the Czorsztyn Unit. Their sedimentary environment
appears to be shallower and more dynamic than of the
other localities of the Krupianka Lst Fm.

RA-54 Horné Stnie — Ostra hora — profile through the
Czorsztyn unit of the Klippen Belt in the uppermost levels
of the active quarries, Jurassic—Cretaceous. Contact of the
Albian sediments of the Czorsztyn Succession (Pieniny

Klippen Belt) with their basement was observed at SW
margin of the highest level of the quarry and its continuation
was found below, in the lower part of the quarry. The
locality is unique by depth of pre-Albian erosion and by
preserved paleokarst phenomena (Aubrecht et al., 2006).
In an overturned position, contact of Upper Bajocian
crinoidal limestone (Smolegowa Lst Fm.) and Albian
sediments is visible. Along with crinoids and brachiopods,
the limestones also contain numerous bivalves. Except the
crinoidal limestones, some relics of younger organodetritic
limestones with “filamentous” microfacies (Bathonian —
Callovian) were found in the basement rocks, mainly as
filling of fissures in the crinoidal limestones.

RA-55 Horné Stnie — Samasky — profile through the Pruské
unit of the Klippen Belt in active quarry, Middle-Late
Jurassic. Regular alternation of crinoidal turbiditic layers
and marlstones to claystones is the most characteristic
feature of the formation. The thickness of the formation
is 35 — 40 m. This crinoidal flysch begins with relatively
thick turbiditic layers with thick sandy shale intercalations,
but it becomes more regular higher in the section. Slump
structures are rare. Several thickening-upward cycles can
be distinguished, indicating prograding of the turbiditic
fan. Many of the turbiditic layers contain A and B Bouma
intervals; the C interval is absent, which suggests a
relatively high proximality indice. The crinoidal beds are
white to light-grey in colour.

RA-56 Jablonica — profile through the Veternik Nappe,
Hronicum, Middle Triassic, in the quarry. Situated within
Mal¢ Karpaty PLA. The quarry, situated in a small valley
east of the village, was excavated in limestone complexes
forming the bottom of the Vienna Basin more to the SW.
The tectonic situation is rather complicated here: a normal
fault system limiting W slopes of the mountains crosses
this area. These faults co-acted in the subsidence of the
Vienna Basin. They cross the wrench faults controlling
the E slopes of the mountains, cut by a NW-SE young
transversal fault system. The basement unit resembles the
Cho¢ (Biely Vah), or the Goller Nappe Unit. The oldest
member is formed by dark gray well-bedded microsparite
limestones, affected by tectonization, cropping out in an
abandoned quarry east of the active one. More upwards,
they pass into Gutenstein dolomites and limestones and then
into gray cellular Ramsau Dolomite, Well-bedded nodular
cherty Reifling limestones appear in the uppermost part of
the active quarry wall in its right side. Lunz (=Reingraben)
shales of the next member of this sequence contaminate
the limestone raw material, complicating the exploitation.
The sequence is separated by a 2 — 10 m wide thrust fault
zone from the neighbouring Veterlin (Schneeberg ?) Unit,
forming the central and western part of the quarry wall.

RA-57 Jasenova — profile through Krizna Nappe, Fatricum,
Barremian, Aptian, natural exposure. The locality occurs
at the roadcut at a bus stop near Jasenova Village. The
outcrop consists of greyish black marly shales with local
thin to thick (150 cm) intercalations of fine grained marly
limestones. The bedding is poorly visible and chaotically
arranged. The limestones disintegrate irregularly;
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ellipsoidal shapes of some pieces are noteworthy. They
probably represent cores of slump folds. Inside of some
limestone beds, 16 cm big round bodies are weathered out,
resembling some drowned pebbles. However, they do not
macroscopically differ from the surrounding rock. They
likely represent concretionally lithified portions of the wall
rock. They can be identified as limestone nodules.

RA-58 Jelsava at Dolny Kubin — Klippen Belt, Jarmuta
Fm., Santonian, Maastrichtian, in natural outcrops on the
bank of the Orava River. The 430 m long escarpment of
the Orava River near JelSava Village, where small quarry
was previously situated, exposes the Jarmuta Formation
of the Pieniny Klippen Belt. Conspicuous alternation of
the red and grey coloured parts of the section is the result
of the tectonics. The lower (I) slice of the grey flysch with
reversed order is overlapped by the second slice (II) in
which the red marlstones are dominant. Further, (III) slice
of the grey flysch has reversed order again. It is overlapped
by the IV" slice which consists of the red as well as partly
grey marlstones. According to the nannoflora succession,
the last one slice is in a normal position.

RA-59 Knazia — in the outcrop, an unconformable
overlying of Pieniny Klippen Belt Palacogene on the
Zaskalie Breccias (Senonian) is visible. A slightly dipping
complex of the carbonate breccia layers and the coarse
grained Priabonian sandstone beds rests unconformably
on the steep dipping Zaskalie Beds of Maastrichtian age
(Marschalko et al., 1979). The Palaeogene breccias and
conglomerates in similar discordant position, also in other
parts of this stripe within the Orava territory, are formed
by the clasts coming from the direct basement. The clasts
of quartzites, vein quartz and metamorphics can be found,
probably redeposited from the Cretaceous conglomerates.

RA-60 Kosariskd — Brezova Group of the Klippen Belt. The
road cut N above the Kosariska village exposes a sequence
ofred marlstones with occasional thin intercalations of fine-
grained sandstones, Early Campanian. In the marlstones,
micritic matrix and numerous cross-section of organisms
are observable in thin-sections. The organic remnants are
represented by globotruncanas, fragmented hedbergelids
and fine organic detritus. Fine clastic admixture is
represented by quartz grains. Their size is about 0.01 mm.
The variegated marlstones are very rich in globotruncanas
and can be named as Globotruncana-biomicrite.

RA-61 Koseca — profile through Jurassic of the Cho¢
Nappe, in abandoned quarry. Almost complete Jurassic
succession, from Lower to Upper Jurassic is exposed in the
quarry (Mahel’, 1985). The beds are in normal stratigraphic
position. Lithostratigraphic succession. 1. Hierlatz
Formation. Grey to pinkish crinoidal limestones with
microdykes of pink crinoidal limestone in the uppermost
part. They contain numerous brachiopod fauna (Mahel,
1962): Zeilleria alpina (Geyer), Z. waterhousi (Davidson),
Z. subnumismalis (Davidson), Z. choffati (Haas), Z.
mutabilis (Oppel), Lobothyris punctata (Sowerby), L.
basilica (Oppel), L. andleri (Oppel), Furcirhynchia
sp., Cincta numismalis (Lam.), Cuneirhynchia retusi-
formis (Oppel), Rhynchonella aff. palmata (Oppel),
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“Rhynchonella” belemnitica (Quenstedt), “Rh.” fraasi
Oppel, “Rh.” sublatifrons Bose, “Rh.” greppini Oppel,
“Rh.” plicatissima (Quenstedt), Spiriferina ex. gr. tumida
(Buch). These association indicates Middle Lias age of the
limestones. Moreover Amaltheus sp. was collected from
the upper part of the section, also proving the Domerian
age.

RA-62 Dolna Stca— Krasin — profile through the Czorsztyn
unit of the Klippen Belt, Bajocian, in the abandoned
quarry, situated within Biele Karpaty PLA. Following
members may be discerned there (Misik et al., 1994):
Smolegowa Lst Fm. White bedded to massive crinoidal
limestones with ammonite 7eloceras blagdeni, with small
fragments of dolomites, rare red neptunian dykes and
void fillings. Clastic admixture is more or less abundant,
mainly represented by quartz grains and dolomites. The
limestones form also the whole crest of the Krasin klippe.
Stratigraphic age is Bajocian. Krupianka Lst Fm. Greyish
fine-grained crinoidal limestones with brown chert nodules
and red crinoidal limestones with loafy weathering forms.
They are limited only to the northern confines of the
klippe; the best outcrops could be found in the old quarry,
now entirely covered by vegetation. Supposed age is
Bajocian. Krasin Breccia. Grey, pinkish and red brecciated
crinoidal limestones (submarine scarp-breccia), massive
with small dolomite fragments and frequent void fillings,
penetrated by neptunian dykes of red micritic limestone,
roughly of the same age. Supposed stratigraphic age is
Bajocian — Bathonian. This rubble breccia usually has
very complex filling. The clasts are coated by at least one
generation of stromatolite (mostly cryptic stromatolites)
and subsequently cemented by radiaxial fibrous calcite.

RA-63 Kriva — this locality is an example of the
conglomerates containing exotic material which is rare or
unknown from the other Western Carpathian units. These
are so-called Upohlav conglomerates. Formerly, they were
considered as Senonian ones; later the Albian age has been
proved in the majority of them in the Vah River valley.

RA-64 NNR Maninska tiesnava Gorge — profile through
Manin unit of Klippen Belt, Jurassic—Cretaceous, situated
within Strazovské vrchy PLA. In the epigenetic valley
defile, we can see the Mesozoic sequences of the Manin
Unit. The oldest member of the stratal succession is formed
by grey bedded cherty limestones of sponge wackestone
microfacies, Lower Lias in age. They are exposed on the
right side of the NV end of the valley. The Upper Lias to
Lower Dogger sediments are represented by white sandy
crinoidal limestones on the left side of the valley ca. 50 m
from the previous point. The Upper Dogger to Lower Malm
red nodular limestones are exposed at the first sharp curve
of the road. They often contain glauconite and belemnites.
The nodular limestones gradually pass into brown-grey
calpionellid-bearing limestones of Upper Malm age. Next
higher member of the succession is formed by bedded
marly limestones with black cherts of Neocomian age. The
highest walls in the central part of the valley are built by
white massive organogenic limestones of Urgonian facies,
Aptian in age.
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RA-65 Mojtin — bauxite occurrence in paleokarst cavities
in the active quarry for Late Cretaceous limestone, situated
within Strazovské vrchy PLA. The Mojtin bauxites had to
originate after thrust of the Subtatric nappes and before
Eocene (Lutetian), as the bauxite layers are covered
by nummulitic limestones and breccias with bauxitic
cement. Presumed age of the bauxites is Upper Cretaceous
(Senonian). Part of the bauxites was likely eroded still
before Eocene. Presence of the spores of lycopodian
plants (Retienlatiporites caelatus), spores and pollen
grains of Stereisporites stereoides, Taxodium sp., pollen
grains of the genera Ginkgo, Tilia (lime-tree), Nymphea,
etc. indicate that the bauxite originated in very humid
and warm environment of lakes or swamps. The bauxite
occurrences are small and without industrial importance.

RA-66 Povazska Bystrica — Orlové — Orlové Sandstone,
Klapy unit, Cenomanian, in the roadcuts below the castle.
Sedimentological, lithological and biostratigraphical
research (Marschalko & Samuel, 1980) showed that
the Orlové Sandstone represents various genetic types
with different stratigraphic position. Great part of the
sandstones displays a flysch character and is of Middle and
Upper Albian age, whereas the other part of the sandstones
are turbidites formed in submarine fans of deep sea plains.
On the other hand, the beds with accumulations of oysters
possess typical shallow water sedimentary structures.

RA-68 Podbiel — Cervena skala — profile through Orava
unit of Klippen Belt, Jurassic—Cretaceous, in the railway
cut and natural outcrops. The klippe consists of Lower
Lias to Lower Cretaceous deposits (Borza et al., 1994),
belonging to one of the transitional units of the Pieniny
Klippen Basin deposited between the former Czorsztyn
Ridge and the Kysuca-Pieniny Basin. The whole
succession is in overturned position.

RA-69 NR Skalica — profile through Manin and Krizna
units, Aptian, Albian. It forms a part of megabreccia
structure of the Manin belt, containing various bodies of
Central Carpathian affinity which have been derived from
the Bela Unit of the Krizna Nappe front.

RA-70 Slavnické Podhorie — Smolegowa sandstones of the
Czorsztyn unit of the Klippen Belt, Bajocian/Bathonian, in
abandoned quarry. It represents a tectonically overturned
klippe revealing a stromatactis mud-mound core. A 32 m
long profile was sampled in the southern part of the quarry
(Aubrecht et al., 2002). The major part of the quarry cuts
the Middle Jurassic crinoidal limestones (Smolegowa Fm.)
that is stratigraphically older than the mud-mound. In the
crinoidal limestone at the base of the profile, a fragment
of the Parkinsonia was found indicating the Bajocian/
Bathonian boundary.

RA-71 Solosnica — contact between Hronicum and Inner
Carpathian Palacogene, in abandoned quarry. Situated
within Malé Karpaty PLA. Palacogene breccia, fine-grained
conglomerates, sandstones, sandy limestones organogenic
and organodetritic limestones. They overlie carbonate
rocks of the pre-Tertiary fundament of Hronicum.

RA-72 Stupné — profile through Klapy unit of Klippen Belt,
Santonian polymictic conglomerates in abandoned quarry.

Flysch sequences with conglomerates in the territory of
Stupné and Prosné villages were regarded as constituents
of Kysuca Unit of Santonian age. According to recent
data (Mello ed., 2005), these conglomerates belong to the
Klape Unit and are of Albian to Early Cenomanian age.

RA-73 Turd Luka — an abandoned quarry with isoclinal
anticline in the deep water facies of the Pieniny Klippen
Belt, the core of the anticline is formed by the Callovian-
Oxfordian radiolarites and siliceous limestones. From
macrofossils, aptychi, rhyncholites and rare belemnite
rostra can be found. On both sides of the radiolarite body,
the core is rimmed by the Kimmeridgian pinky nodular
limestones and by the Tithonian-Neocomian cherty
limestones. Polyphase character of the deformation is
visible from complex deformation in the core of large
anticline, where chevron folds are well developed.

RA-74 Uhry — exotic flysch of the Klape Unit of the
Klippen Belt in abandoned quarry. The flysch consists of
monotonous alternation of sandstones and marls formed by
turbiditic currents, Albian. The medium- to coarse-grained
sandstones are calcareous, with high content of carbonate
rock detritus, quartz, less volcanic rocks, metamorphic
rocks and granites.

RA-75 Vajarska — Veternik limestone breccia in active
quarry, Jurassic, Bajocian. The Rohoznik cement factory
exploits white limestones of the Vajarska Hill, mounting
over the Zahorie Lowland. This gigantic limestone block
was elevated by Miocene (Styrian ?) fault tectonics. Its
complex tectonic history can be deciphered according
to its geomorphology. However, its geological structure
is very complicated, too. The hill consists of Veterlin
fore-reef limestone breccias with partially dolomitized
fine-grained matrix. Limestone clasts yielded Anisian and
Ladinian teutloporacean algae, corals and gastropods.

RA-76 Valchovsky mlyn — Valchovsky mlyn Conglomerate
ofthe Brezova Group, Cretaceous, Coniacian, intheroadcut,
overlying Late Triassic Hauptdolomit of the Jablonica
Nappe. The escarpment of the road between Jablonica and
Brezova pod Bradlom exposes contact of the Coniacian
Valchov Conglomerate with the underlying Upper Triassic
Hauptdolomit of the Jablonica Nappe. Dolomite layers are
of cyclic character with fine clastic base, indistinct bands
of detritus with occasional pseudomorphs after evaporites
in the middle part, being terminated by loferitic algal
mats lamination. The Valchov Conglomerate starts with
unsorted dolomite breccia alternating with yellow clayey
intercalations. The main part of the conglomerate body
consists of well rounded clasts of local material with red
matrix. The conglomerate represents the basal unit of the
Brezova Group which is an equivalent to the Gosau Group
of the Eastern Alps and represents the first relatively post-
tectonic cover of the Central Western Carpathians, after
the nappe thrusting in the Turonian.

RA-77 Povazsky Chlmec — Vranie — on the right side of
the Kysuca River bed, the road escarpment near Povazsky
Chlmec — Vranie exposes the flysch sequence of the Pieniny
Unit of the Klippen Belt, Coniacian-Santonian. The
sequence is divided into two parts: Sneznica Formation and
Sromowce Formation. The Sneznica Formation, forming
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the lower, 100 — 400 m thick part consists of sandstones
(their thickness is 560 cm), pelites and aleurites (with the
beds up 1 to 40 cm thick), in which Ta intervals of the
Bouma’s cycle are frequent, as well as of the coarser non
structured layers. Tb and Tc intervals are frequently visible
within the marl sequence of the section. Marschalko (1980)
supposed that the turbidites of the Sneznica Formation
belong to the C and D facies of the middle and outer part of
the fan. The Turonian age is proved by foraminifers. The
upper part represented by Sromowce Formation contains
the Coniacian to Santonian polymict conglomerate layers
and intercalations in which the inverse gradation can be
seen frequently. Their thickness is 212 m. Conglomerates
belong to simmictites, slides and olistostromes, proving
unsteady slope conditions during the source zone
extinction.

RA-78 Kyjov — Zadné Skalie — Smolegowa and Krupianka
limestones of Czorsztyn unit of Klippen Belt, Jurassic-
Cretaceous, in abandoned quarry. It represents one of the
largest outcrops in this section of the Pieniny Klippen
Belt. Klippe consists of at least two tectonically connected
Pienidic units with relatively independent Palacogene
cover above. In the left and lower right parts of the
quarry, a section of the Czorsztyn Unit is observable. It
is represented by grey and red crinoidal limestones of
Bajocian-Bathonian age (Smolegowa and Krupianka
Limestones), covered locally by red nodular limestone
(Czorsztyn Limestone) of Callovian to Kimmeridgian age.

V-31 Slavoska — metabasalts and marbles of Dubrava
Fm., in active quarry, Middle-Late Triassic, Meliaticum,
Borka nappe. The Borka Nappe structurally represents the
lowermost tectonic unit in a pile of several autochthonous
units overlying the Southern Gemericum. The Borka
Nappe does not form a continual nappe body and
consists of numerous larger and smaller erosionally
and tectonically separated nappe fragments. The
numerous occurrences are widespread in the Nizna Slana
Depression. The most characteristic part of the Borka
Nappe is the Dubrava Formation sequence, which consists
of metabasic rocks associated with white, slaty marbles.
Petrological characteristics of the metabasic rocks indicate
polymetamorphic evolution with the first HP/LT stage (P
>1.3 GPa, T ~ 500°C) and with the second LP stage (P ~
0.5 GPa, T ~ 400°C).

V-32 Mala horka — marbles of Dtibrava Mb., in abandoned
quarry, Middle-Late Triassic, Meliaticum, Borka nappe.
Light-coloured marbles of the Dubrava Formation,
occasionally with fine laminae of grey or lightgrey-brown
colour. They are a characteristic lithological member of
the Borka Nappe (Meliaticum Unit). Nearly monomineral
medium- to coarse-grained calcite aggregate is dominant,
associated with muscovite + paragonite + albite, quartz
and with very scarce chlorite + actinolite, winchite,
glaucophane in laminae. Marbles are platy, with distinct
preferred orientation of calcite aggregates.

V-43 Ladmovce — quarry, thin-bedded carbonates of
Middle and Late Triassic, Zemplinicum. The Ladmovce
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Formation comprises a complex of well bedded dark-
grey and black muddy limestones, interveined with
white calcite. The limestones originate from a facies of
Gutenstein limestones passing upward in a sequence of
light-coloured dolomite with limestone layers. The Middle
Triassic age was proved by conodont fauna (Straka in
Banacky et al. 1989).

V-56 Abandoned quarry near Podbrezova — syncline
structure in Early Triassic sediments of envelope sequence,
Northern Veporicum. The Lower Triassic quartzose
sandstones are slightly metamorphosed and folded
(Vozar, 1965). These well stratified sediments form the
overturned fold. The synclinal part of the fold is preserved
in this abandoned quarry. Steeply dipping limb of this
synform is cut by the younger vertical fault of the NW-
SE orientation. These sediments are a part of envelope
sequence of the Northern Veporicum, occurring in a gently
folded monoclinal southern limb of the Lubietovd Zone
synclinorial structure.

V-60 Tuhar — metamorphosed Mesozoic of Foederata
Group, system of abandoned and active quarries for
“Tuhar” marble, Middle Triassic, Southern Veporicum.
The varicoloured Middle Triassic Tuhar Marbles
(lithostratigraphic member of the Foderata Group) are
present in the middle part of the metacarbonate Tuhar
succession. These marbles locally pass to siliceous and
cherty metacarbonates, considered to be the deepest-water
part of the Foderata Group. According to their position in
the succession and analogy with other areas of the Foderata
Group, they correspond probably to Upper Anisian/
Ladinian age. Lithologically they are similar with the
Steinalm, Wetterstein and Raming limestone facies. These
metacarbonates represent originally sedimentary rocks of
the Middle to Upper Triassic carbonate platform; they lost
their primary microfacial features due to metamorphic
recrystallization.

V-62 Dobsinsky potok — metaquarzites of Foederata
Group, abandoned quarry, Early Triassic, Southern
Gemericum. They are characteristic of platy structure, with
distinct linear orientation of metamorphic minerals within
foliation schistosity. The metamorphic mineral assemblage
is represented by muscovite + quartz + albite, chlorite,
turmaline. Detritic relics of quartz (88 —92%), K- feldspars
(8 — 12%) and heavy minerals (zircon, turmaline, rutile)
indicate the sub-arkosic pre-metamorphic composition
of these metaquartzites. Metamorphic temperatures ca.
335 —380°C at pressures ca. 4 — 4.5 kbar were calculated
from Permian-Triassic metasediments based on phengite
geobarometer and chlorite geothermometer (Luptak et al.,
2003).

1.4.4 Palaeogene localities

The theme involves sediments of the Flysch Zone, as
well as the sediments of the Inner Carpathian Palacogene
and the sediments of the Buda Basin (Palacogene —
Egerian, Fig. 1.11)).

The Flysch Zone of the Western Carpathians forms
a characteristic arc around the outer perimeter of the
Carpathians. It reaches the territory of Moravia, Slovakia,
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Poland and Ukraine, where it connects with the Flysch
zone of the Eastern Carpathians. The Flysch zone is
built up by partial nappes and overthrusted slices. These
structures are divided according to the lithofacial filling of
their bed successions on outer (Krosno) Group of nappes,
and inner (Magura) Group of nappes. In the territory of
Slovakia the substantial part of the Flysch Belt is formed
by the Magura Group of nappes. From the outer (Krosno)
Group of nappes in the western part of the country only
Silesian nappe outcrops in small territorial extent, and in
the eastern part — in northeastern borderland the Dukla
nappe occurs.

Inner Carpathian Palaecogene sediments, which
discordantly overlap the pre-Tertiary Inner Western
Carpathian units, are retained within Inner Carpathian
basins, as well as north of the zone of Core Mountains,
locally they are exposed in the erosional outliers from
below Central Neovolcanites (Stiavnické vrchy Mts.).

The Upper Cretaceous (Senonian) sediments belong to
Gosau Group. They were deposited after the main phase
of displacement of Inner Carpathian nappes and covered
them transgressively. Superficially they outcrop mainly
in the Brezovské Karpaty Mts. and in the Myjavska
pahorkatina upland. In the innermost zones of Western
Carpathians the Senonian sediments are known only in
rudimentary occurrences.

The sediments of the Buda Basin (Palacogene —
Egerian) encroach on the territory of Slovakia from the
south to the area of Starovo; they fill up the Ipelska,
Lucenska and Rimavska kotlina basins, Cerova vrchovina
Highlands and Turnianska kotlina Basin.

Np-01 NNL Markusovské steny — basal conglomerates,
Palacocene-Eocene. The Hornad Mb. is cropping out
in the erosive scissions of the Horndd River in the
Markusovce Village and eastwards, all-in-all with a
length of several hundreds of metres. They are protected
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as NNLs “Transgression of Palacogene in MarkuSovce”
and “MarkuSovce Cliffs” and NL “Markusovce Stone
Mushroom”.

Np-02 Kezmarok — type profile of Kezmarok Fm.,
Oligocene. In the abandoned quarry the Kezmarok Mb.
is exposed. The layers represent the transition from flysch
facies of Zuberec Fm. into the overlying sandstones of
Biely Potok Fm. of the Subtatric Group, Inner Carpathian
Palacogene.

Np-03 Spisské Tomasovce — Tomasovské vrstvy Mb., type
profile. In the quarry 1 km south of Spisské Tomasovce,
Tomasovce Mb. is exposed. The layers represent the
highest complex (Eocene/Oligocene) of the basal member
of the Borové Fm. of the Subtatric Group.

Np-04 Hricovské Podhradie — NL Hric¢ovské rify (Hricov
Reefs) — olistoliths, Palacocene. In the abandoned quarry
organogencous limestones of the Hricovské Podhradie
Fm. are exposed.

Np-05 Liskova—Mohylky — NR Mohylky — Nummulite
sandy limestones, Late Cretaceous to Early Oligocene.
In the abandoned quarry NNW of the Liskova Village
limestone of the Borové is exposed. The deposits are of
marine origin; they represent transgressive facies of the
Subtatric Group.

Np-07 Oravsky Biely Potok — Biely Potok Fm., type
profile, Oligocene. In the abandoned quarry ca 2 km NE
of the village Oravsky Biely Potok, in the right bank of the
Blatna Creek, the Biely Potok Fm. is exposed. It is made
of massive sandstones and it represents the last period of
sedimentation of the Subtatric Group.

Np-08 Solosnica—quarry —Palacogene transgression. In the
abandoned quarry at the SE edge of the Solosnica Village
Jelenia Goéra Fm. is exposed. It represents transgressive
basal facies of the Palacogene transition between Subtatric
Group facies and Myjava-Hri¢ov Group.
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Cliffs (Photo L. Martinsky)

Raca unit (Photo L. Martinsky)

Np-09 NNR Sul'ovské skaly (Sulov Cliffs) — Palaeocene-
Eocene conglomerates (Fig. 1.12). Sul'ov conglomerates
are coarse clastic lateral sediment supplies into the marine
pool. The Sulov conglomerates are wide-spread in the
middle part of the Vah River catchment area. Situated
within PLA Strazovské vrchy.

Np-10 NL Pucovské zlepence (Pucov Conglomerate) —
type profile, Eocene/Oligocene. At the western edge of
the village, in the roadcuts as well as in the bed of the
local creek, Pucov Conglomerates are exposed. They
demonstrate an episode in the sedimentation of the
Subtatric Group units.

Np-11 NL Milosova-Megonky — In the abandoned quarry
at the settlement PadySdkovci Cigzkowice Sandstone
is exposed. The sandstone-conglomerate facies of the
Cigzkowice Sandstone is characterized by spherical
separation. The sandstone belongs to the bottom horizon

Fig. 1.12 Conglomerates of Palaeocene-Eocene age made of carbonatic rocks, Sulov

Fig. 1.13 Korniansky ropny pramen — Korna Oil Spring situated in flysch rocks of the
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of the Submenilite
Palacocene/Eocene in age.

Np-12 Chrast’ nad Hornadom — NL
Farska skala — cross-bedded Eocene
sediments. In the erosion bank of the
Hornad River in the northern edge of
the Chrast nad Hornadom Village,
Chrast Mb. is exposed, coarse- to
fine-grained sandstones, which are
member of the Borové Fm.

Formation,

Np-13 Beloveza — type profile through
Beloveza Mb., Palacocene—Eocene.
Beloveza Mb. are deposits made of a
complex of variegated (red and green)
shales with intercalations of green,
mica-rich sandstones with frequent
hieroglyph textures.

Np-14 Vitaz — NL Podmorsky zosun
(Submarine Slump), olistoliths in
limestone, Eocene. According to their
lithology and mode of deposition (poor
roundness, fragments of claystones,
and mixture of various lithologies)
these sediments represent a slump
body, which developed in the marine
environment out of flood-tide effect.

Np-15 Starina — Menilite Mb. The
rocks of the Dukla unit of the Outer
Flysch Zone. They are represented by
subvertical grey to ochreous calcare-
ous claystones, calcarcous laminated
fine-grained sandstones of Cergov
layers (Early Oligocene) and black
claystones of the Menilite Mb. (Late
Eocene—Early Oligocene). Situated
within Poloniny NP.

Np-16 NL Korniansky ropny pramen
(Korna Oil  Well), Palaeocene—
Eocene. The Korna oil spring (Fig. 1.13) is currently the
only surge of crude oil in Slovakia. It is associated with the
production of oil and implementation of wells in this area
at the turn of the 19™ and 20" centuries. Situated within
Kysuce PLA.

Np-17 Mrézovce — type profile through Mrdzovce Mb.,
Palaeocene—Middle Eocene. In the incision of the creek
southwest of Mrazovce, Mrazovce Mb. of the Beloveza
Fm. of the inner Raca unit of Magura nappe is exposed.

Np-18 Smilno — type profile through Upper Smilno Mb.,
Late Eocene—Early Oligocene. In an abandoned quarry
thin, slightly deformed layers of the menilite cherts and
dark siliceous claystones are exposed.

Np-19 Vysny Orlik — type profile through Makovica
Sandstone, Middle Eocene-Late Oligocene. In an
abandoned quarry Makovica sandstones of the Zlin
Formation of the internal Raca unit are exposed.
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1.4.5 Neogene localities

The Neogene sedimentary complexes and their sites
(Fig. 1.14) are distributed in the Foredeep, in the Vienna,
Danube, South Slovakia and East Slovakia basins and in
majority of the intramountain depressions (Vass et al.1998).
Typical feature of the intramountain depressions is their
distinct fault limitation against the Core Mountains. In
the area of Foredeep its deposition started in the Egerian,

of the marine and brackish involves gravelly-sandy,
conglomerate-sandstone and clayey-silty (frequently
marly) sediments; the subformation of the brackish
sediments is made of gravelly-sandy, clayey-silty and
tuffaceous clayey-silty sediments; the lacustrine-fluvial
subformation is composed of gravelly-sandy and clayey-
sandy sediments with sandy layers. In several depressions
the Badenian sediments of the latter subformation
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Fig. 1.14 Distribution of the Neogene sites in the Slovak territory

in the area of the South Slovakia (excluding the Cerova
vrchovina Upland) in the Kiscelian, in other parts of the
Western Carpathians in the Eggenburgian. The Neogene
deposition in the Carpathian Foredeep territory lasted till
the Early Badenian, in the South Slovakia and along the
margins of the Danube Basin till the Pannonian, in other
territories as a rule till the Rumanian, at places only till
the Sarmatian. During the Pliocene the deposition in some
sections of the Carpathian Foredeep was renewed (Senes
in Andrusov and Samuel et al., 1983). Due to tectonic
differentiated activity individual Neogene stages have
different lithological facies. At places they started with
sea-transgression, at other places they continue without
any interruption from the below stage. Based upon the
recent knowledge on the facies evolution of the Neogene
sediments it would be convenient to abandon the names of
the divisions (Miocene, Pliocene), because the lacustrine-
fluvial subformation was deposited in the Badenian,
Sarmatian and Pannonian (except of the Vienna Basin
and the central parts of the Podunajska nizina Lowland)
and the transitional (brackish) sediments occur in variable
stratigraphic position (ib.). Regarding the above facts it
would be suitable to rename the lowest subformation to
the subformation of marine and brackish sediments and to
single out the brackish sediments subformation only for
the territory of the Vienna Basin and the central part of
the Podunajska nizina Lowland. The lithological content

are of volcanic-limnic facies, containing carbonate
conglomerates at the base (e.g. the Budis Formation). The
younger lacustrine-fluvial sediments are characterised
by a lower relative density degree, or consistency when
comparing with marine and brackish sediments.

Nn-01 NL Jalovské vrstvy (Jalové Mb.) — type profile of
cross-bedded limestones, transgressive stage sediments of
sedimentary space, Eggenburgian. South Slovakia Tertiary
sediments form a fill of three basins: Buda (Hungary
Palacogene basin) Filakovo (Fil'akovo-Pétervasar) and
Novohrad (Nograd). Between the sediments of the latter
two basins continental sediments of Bukovinka strata
are developed; they can be considered pre-transgressive
Nograd Basin sediments. The sediments of these basins fill
three sub-basins — Ipel, Lu¢enec, Rimava and participate
in the setting of the Cerova vrchovina Highlands. Within
the Fil'akovo strata we distinguish a number of members,
which in some cases overlap each other laterally and
horizontally. Jalové Mb. represent the basal members —
transgressive stage sediments of sedimentary space.

Nn-02 Bretka, abandoned quarry, Egerian. The Bretka
Mb. is stratotype of shallow-water littoral facies of the
Lucenec Fm. South Slovakia Tertiary sediments form The
Bretka Mb. are stratotype of shallow-water littoral facies
of the Lucenec Formation of Egerian age, developed on
the northern outskirts of the former sea flooding in Rimava
Basin area.



1. Information System of Important Geosites in the Slovak Republic

Nn-03 Devinska Nova Ves — NR Stokeravska vapenka
(Stockerau Limeworks) — Early Badenian vertebrates.
On pre-Tertiary, by weathering and erosion dissected
basement, deposited continental breccias, and terrestrial
sediments filled also neptunic dikes. Along with them a
considerable number of bones of vertebrates were washed
in (particularly mammalian), and also the bones of
ancestors of man.

Nn-04 Pezinok, brickwork, abandoned claypit, unfor-
tunately almost fully destroyed by landfill — Pannonian
index fauna. By Early Pannonian sudden drop of water
table level in the brackish lake resulted in its retreat to the
south. After subsequent increase in water table level in
zone Pannonian-B flooding of the Blatné depression took
place with the accompanying deposition of mostly pelitic
Ivanka Fm., which is exposed in the former brickyard
in Pezinok. During the whole Pannonian the whole area
passed gradually into more-and-more brackish water.

Nn-05 Cerova-Lieskové — Karpatian index fauna. At
the Cerova-Lieskové locality, the deposition of Laksar
Formation shows a rapid subsidence of the Vienna Basin in
an initial pull-apart system. These marine basinal deposits
with turbiditic influx contain rich associations of fossil
fauna. The fauna is highly diversified, containing both
benthic and planctonic forms, as well as several redeposits
of shallow water associations.

Nn-06 NNR Kostna dolina Valley, Hajnacka (Valley of
Bones, Fig. 1.15) — Pliocene vertebrates. In the Kostna
dolina Valley the fossils of vertebrates are especially found
in the lenses and intercalations of gravely rusty-brown
tuffaceous sand. The bones of tapirs, rhinos, proboscideans
and micromammals (especially rodents) have been found
the most frequently of all terrestrial vertebrates in these
fossiliferous layers. Besides of the Pliocene faunal
remains, the fossils of redeposited Miocene (foraminifers,
shark teeth) and Pleistocene (gastropod, mammoth and
horse remains) elements have been found, too. Situated
within the Cerova vrchovina PLA.

Nn-08 Devinska Nova Ves — NNR
Sandberg — type profile of Sandberg
Mb., Tortonian fauna in abandoned
sandpits. Situated within the Malé
Karpaty PLA. Studienka Formation
is made of grey, calcareous pelitic
sediments, mainly clay/claystone,
calcareous clay passing through
the sand. The marine environment
corresponds to basinal, neritic one.
Towards the margins of the basin the
environment passed into the lagoon
to freshwater one. The stratotype
has not been defined, but it can be
found in the vicinity of the village
Studienka where the strata were
encountered by prospecting drilling
for oil exploration. The layers
overlie the Jakubov Formation with
gradual transition contact, or they

Fig. 1.15 Hajnacka, clayey, fine-stratified rock with volcanic sandy admixture of Pliocene
age (Photo L. Martinsky)
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rest upon pre-Badenian sediments, for example Zavod
Formation (Karpatian age). The Studienka Fm. is overlain
by Holi¢ Formation, Sarmatian in age. The component
of the Studienka Formation, which evolved in the littoral
zone, are Sandberg Mb. The deposits are exposed in
abandoned quarries on the SW flanks of Devinska Kobyla,
near Devinska Nova Ves.

Nn-09 Podbran¢ — the transgression of the Neogene sea is
well documented by littoral conglomerates and sandstones
with fossil molluscan fauna at the Podbranc locality. The
unique exposure with a contact of the underlying Mesozoic
carbonates of the Pieniny Klippen Belt, and the overlapping
basal conglomerates of Neogene (Eggenburgian) age,
makes possible to observe the dynamics and forestepping
of the marine transgressive process.

Nn-10 Kobylince — coal outcrop, Late Badenian. In the
Handlovska deposit a coal seam 7 — 9 m thick is present;
in the northeastern part two 5 — 7 m thick (upper) or
2 — 6 m (lower) seams are present, respectively. In the
Nizna Lehotka area there is additional third bottommost
seam | — 4 meters thick. Locally the seams conjoin and
thus the seam can reach a thickness of 17 m. Between the
seams the fissile clay is present, along with sandy-clayey
tuffite and tuffaceous sandstone. At the Novaky deposit a
major coal seam is 8§ — 10 m thick, at places up to 25 m
with interlayers of pale clays and tuffs, which divide into
two or three benches (Cechovié, 1959; Gasparik, 1959;
Brodnan, 1970).

Nn-11 NNR Kovécovské kopce (Kovacov Hills) — Egerian
fauna. Uncommonly rich macrofauna of the Egerian age
at the locality Kovacovské kopce is unique in Slovakia.
It reflects the palacogeographic and palacoceanographic
conditions in the area of ceasing Buda Basin, shortly
before the origination of a new basin system of the Central
Paratethys.

Nn-13 Cakanovce — NL Cakanovsky profil (Cakanovce
Profile) — Cakanovce Mb. forms a facies with deeper
water (Cakanovce Mb., Vass, et al. 1992). Outcrops
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can be found near Cakanovce, in the Ple§ Mountains,
W from Radzovce and between Ratka and Trebelovce.
Remarkable outcrops form Cakanovce section, in the SE
edge of the village, which, at the same time, is the type-site
of the stage. It deposited in the lowermost stages of the
Filakovo Formation, in the bottom of the deeper sea. The
Filakovo Formation attains a thickness of 250 — 300 m.
In Cserhat (northern Hungary) its thickness increases up
to 500 m. The age is Eggenburgian. Containing marine
fauna. Originated in the marine environment.

Nn-14 Varhanovce — Kl¢ov Fm., type profile, Badenian.
Varhanovce Gravel, a member of the Kl¢ov Fm., is
exposed in the abandoned gravel pit at the southern edge
of Varhanovce village. The Kl¢ov Formation represents
delta sediments advancing from the northwest towards the
basin.

Nn-15 Cigel' — brown coal exploitation, Late Badenian.
The Upper Nitra brown coal basin is the richest and
the most extensive in the Slovak Republic. The first
attempts to extract coal stretch back to the 18" centuries.
Purposeful industrial mining dates from the period when
Zapadouhorska kamenouhol'na spolo¢nost’ (West Hungary
Coal Mine Company) was incorporated into the Business
Register on 1 July 1909 with the opening of the Handlova
Mine. At the time of the Second World War, Handlovské
uhol'né bane (Handlova Coal Mines) was the sole mining
company in Slovakia. During the war it had started
prospecting for coal in Novaky, where the first car full
of extracted coal ran in 1940. The youngest Cigel’ Mine
joined the Upper Nitra region’s two existing mines in 1962.

Nn-17 Gbely — oil exploitation, Late Badenian. In Slovakia
the hydrocarbon exploration and study started in 1913,
when an oil reservoir was discovered near Gbely (Vienna
Basin). It is a structural type of reservoir, bound by fault.

The area of this reservoir was the first systematically studied
hydrocarbon area in the whole Hungarian Kingdom.

Nn-18 Lipovany — NL Lipovianske pieskovce (Lipovany
Sandstone). The Lipovany Sandstone, which is exposed in
the sandpit at the southern edge of the Lipovany Village,
is represented by disintegrating sandstones with loaf-like
nodular bodies. It is rich in fossil remains of organisms of
Eggenburgian age.

Nn-19 Nizna Mysl'a — type profile through Mysl'a Mb. The
sediments contain strata of light-grey rhyolite tuff with
biotite and pale pumice fragments (this tuff is described as
a single member — Rankovce tuff). The Mysla Mb. rests
upon the Olsava Mb. and forms the upper part of the Early
Sarmatian profile of the Stretava Fm.

Nn-20 PresSov-tehelna (Presov-Brickworks — abandoned)
— type profile through PreSov Fm., Eggenburgian. Partial
stratotype profile is exposed on the eastern edge of PreSov
in an abandoned brickyard.

1.4.6 Neovolcanites localities

In the Neogene period the Carpathians represented
an island arc with microcontinent of the Central Western
Carpathians, which migrated to the N-NE to E; as a result
of oceanic or suboceanic crust subduction of the flysch
basins it gradually collided with a passive edge of the
European platform. The arc retreat in the above direction
was compensated by a back-arc extension, which included
diapiric upwelling of the asthenosphere and a lateral
escape of the lithosphere from the collision zone of Alps
(Csontos et al., 1992).

The magmatic material originating from partial
melting of metasomatically affected mantle (after the
previous subduction of the crust of the Magura-Pieniny
flysch basin) with the following diapiric upwelling in
the conditions of the back-arc extension provided the
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Fig. 1.16 Distribution of the neovolcanites sites in the Slovak territory
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sources for andesite volcanic activity of the areal type in
the territory of Central Slovakia (Lexa and Konecny l.c.).
The andesite volcanism was preceded by acid rhyodacite
— rhyolite volcanism of the areal type. Its sources were
magma masses generated by crustal material melting due
to diapiric upwelling of the asthenosphere. The centres
of this volcanic activity situated within the Pannonian
basin in the northern Hungary produced large volumes of
pyroclastic ash-pumice material which was deposited in
the southern and eastern Slovakia in marine sediments of
Eggenburgian, Karpatian and Lower Badenian ages.

The andesite volcanism activity in the Central Slovakia
territory lasted from the Lower Badenian (15.5 Ma) till
Pannonian (8.5 Ma) and it resulted in the emergence of
the Central Slovakia Neovolcanic Field covering an
area of approximately 5,000 km?. The distribution of the
important sites of the neovolcanites corresponds to this
pattern (Fig. 1.16). The andesite volcanism was preceded
by acid rhyodacite-rhyolite volcanism of the areal type.
The centres of this volcanic activity situated within
the Pannonian basin in the northern Hungary produced
large volumes of pyroclastic ash-pumice material which
was deposited in the southern and eastern Slovakia in
marine sediments of Eggenburgian, Karpatian and Lower
Badenian ages.

The basalt-andesite to andesite volcanism
of the island arc type was active in Upper
Badenian-Middle Sarmatian period in the area
of East Slovakian Basin and is characteristic
of intensive volcanic activity tied to the
fault systems at the margins of the basin.
This volcanic activity resulted in the origin
of volcanic mountains of Slanské vrchy and
Vihorlat having distinct linear arrangement of
andesite stratovolcanoes.

The alkaline basalt volcanism active during
the Pannonian, Pliocene and Pleistocene periods
represents the final stage of the volcanic activity
on the territory of Slovakia.

JL-04 Surice — NL Sovi hrad (Owl's Castle)
— basalt feeder — exposed diatreme, Cerova
basalt Fm., Pliocene, Dacian, situated within
the buffer zone of Cerova vrchovina PLA.
The maar fill represents a stratified succession
of tuffs, lapilli tuffs, agglomerates and
agglutinates corresponding to a transition from
the phreatomagmatic eruptions of the Hawaiian
type. The youngest volcanic products are thin basalt dikes.

JL-05 NR Hermanovské skaly (Hermanovce Cliffs) —
castellated rocks in andesites, Fm. Lysa straz — Oblik, Late
Sarmatian. The massive rock cliffs expose massive to finely
fissured rock of the internal part of the intrusion (laccolith),
passing locally into zones of intense brecciation.

JL-06 Jastrabia skala — rhyolite extrusive body (dome-

flow), Jastrabie Fm., Late Sarmatian, situated within the
buffer zone of PLA Stiavnické vrchy Mts. The rock is
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scarcely-porphyric  sanidine-plagioclase rhyolite, with
variably spherolitic, spherolitic-glassy or glassy matrix.
JL-08 Siatorska Bukovinka — NL Macacia — basalt lava
sheet, lava flow, pyroclastics, Cerova basalt Fm., Pliocene,
Dacian, situated within Cerova vrchovina PLA. In the past
the basalt was used for the production of paving blocks
and curbs.

JL-09 NL Sninsky kamen — relic of lava flow with platy
jointing, Sninsky kamenn Fm., Early Pannonian, situated
within PLA Vihorlat. Rocky cliffs of about 20 m height
represent the bottom of the lava flow of a coarse porphyric
pyroxenic andesite with well-developed lamination and
platy jointing.

JL-100 Dolnd Klapa — rhyolite lava flow, type profile
of Jastrabie Fm., Late Sarmatian. The lava flow with a
thickness to 50 m consists of massive to slightly porous,
pink to brownish-red plagioclase-sanidine rhyolite with
spherolitic matrix, with blocky-columnal, thin-bedded or
brecciated jointing.

JL-101 Stara Kremnicka — type profile of Jastrabie Fm.,
Late Sarmatian (Fig. 1.17). The pyroclastic succession
corresponds to the development of explosive activity that
preceded and accompanied the formation of extrusion
dome and flow “Klin¢ok” with its centre situated north of
the site.

Fig. 1.17 Stara Kremnicka, detail of layers. Impact structure of andesite
cobble in fallen tuffs horizon. The overlying layer of pyroclastic flow covers
the unevenesses and is flat at the surface. Upwards laminated deposits of
pyroclastic surges are present (Photo J. Lexa)

JL-103 Lopuachovy vrch — epiclastics of Zlata studiia Fm.,
Late? Badenian. The site represents the internal part of the
dome extrusion scarcely-porphyric sanidine-plagioclase
rhyolite.

JL-108 Brehy — Grunty — dykes of quartz-diorite
porphyries, rhyolite, Tatiar intrusive complex, Jastrabie
Fm., Late Sarmatian, situated PLA Stiavnické vrchy.

JL-11 Nova Lehota — NR Biely kamen — lava flow and
slide, Biely kamenn Fm., Sarmatian, situated within PLA
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Ponitrie. The rock wall height of 50 m represents the base
of the lava flow of coarse porphyric pyroxenic andesite
with accessory amphibole.

JL-113 Prievidza — lahar, Vtacnik Fm., Late? Sarmatian.
The site represents an outcrop of up to 25 m thick volcanic
blocky epiclastic breccias of the Vta¢nik Formation of
Sarmatian age. The breccias were deposited by debris
avalanche (slump).

JL-149 Zolnd — NL Zolniansky lahar (Zolna Lahar),
Abc¢ina Fm., Late Sarmatian, situated within the buffer
zone of PLA Polana. At the site, layers of volcanic
epiclastic sandstones, conglomerates and fine breccias of
pyroxenic andesites are exposed, overlain with a thick
chaotic breccia of a lahar with openings after tree trunks
and with the impressions of wood.

JL-151 Sikenica — hyaloclastites, Bad’an Fm., Late
Sarmatian, situated within the buffer zone of PLA Ponitrie
and NNR Horsianska dolina Valley. The hyaloclastite
breccias associate with a lava flows of pyroxenic andesite
which had entered the sea coastal zone.

JL-152 NL Ostrovica — neck. Sibeniény vrch complex,
Pannonian, situated within the buffer zone of PLA Ponitrie.
At the site situated in the southern part of the Kremnické
vrchy Mts., two necks of fine-grained basalt to basaltic
andesite are exposed.

JL-155 NR Slansky hradny vrch — (Slanec Castle Hill) —
extrusive dome, Hradisko Fm., Sarmatian. It consists of a
massive andesite with blocky separation. On the top are
the ruins of a medieval castle.

JL-156 Zamutovské skaly — lava flow, Zlatd bana Fm.,
Sarmatian. The lava flow of augit-hypersthene andesite
is a component of a dominantly effusive complex of the
Stratovolcano's medial zone. The lava flow thickness
reaches 25 m.

JL-157 Kosicky Kle¢enov — phreatic cone, Kle¢enov Fm.,
Late Sarmatian. The parasitic volcano was the product of
phreatomagmatic eruptions of Surtsey type.

JL-158 NNR Backovska dolina Valley — stratovolcanic
complex, Strechovy vrch Hill Fm., Late Sarmatian.
In the profile, which is disturbed in the central part by
sliding, extrusive dome is exposed, along with lava flow,
pyroclastic breccia sequence, agglomerates and tuffs and
upper lava flow of a relatively large thickness.

JL-160 Velky Gri¢ — basalt body, Kl'akovska dolina Valley
Fm., Late Badenian. The dome-shaped body reaches
a thickness of more than 200 m and is formed by massive
basaltic andesite. Its separation is blocky, mostly, but at
places it passes into indistinct columnar or platy jointing.

JL-161 Kamenec pod Vtacnikom — type profile through
Kamenec Fm., Early Badenian, situated within PLA
Ponitrie. With the total thickness of about 10 m redeposited
pumice tuffs and tuffs, mostly coarse volcanic epiclastic
sandstones with intercalations of small conglomerates to
lenticular irregularly stratified coarse conglomerates with
volcanic epiclastic positions of small conglomerates and
coarse sandstones, fine epiclastic volcanic sandstones are
exposed here.

JL-164 Kamienka — type profile through Kamienka Fm.,
Late Sarmatian. Explosive necks and dikes of andesite
penetrate across the chaotic coarse to blocky pyroclastic
breccia and agglomerates of Vulcanian type.

JL-166 Priekopa — Temlov — pyroclastics of Popriecny
Hill, Late Sarmatian. The site displays a succession of
lava flow and pyroclastic rocks of the proximal zone of the
Stratovolcano with a primary deposition slope from 15 to
20° to the west.

JL-167 Orechova — lava flows of Poprieény Hill, Late
Sarmatian. The lava flows formed effusive plateau at the
foothills of the Stratovolcano. In the quarry two separate
lava flows separated from each other by blocky breccia
zone are exposed.

JL-168 NR Rankovské skaly — volcanic cone, Rankovské
skaly Fm., Late Sarmatian. The pyroclastic rocks are the
product of Vulcanian type of eruptions, the lava flows
of the Strombolian type of eruptions. The material is
pyroxenic andesite.

JL-21 Stara Kremnicka — rhyolite extrusion, Jastrabie Fm.,
Late Sarmatian. The site represents the internal part of the
dome extrusion scarcely-porphyric sanidine-plagioclase
rhyolite.

JL-24 Nevolné — lava flows, type profile of Kremnicky
S§tit Fm., Late Badenian. The formation has a character
of an effusive complex, with individual flows reaching
30 — 150 m in thickness and a considerable areal extent.

JL-25 Kamenica nad Hronom — type profile of Burda
volcanites, Late Badenian, situated within PLA Dunajské
Luhy and NNR Burdov. The Burda Fm. represents a set of
products of extrusive and explosive activity of hypersthene,
amphibole-biotite-hypersthene- andesites to dacites.

JL-27 Dolna Stubiia — type profile of Flochovd Fm.,
Sarmatian. At the base of the profile there is a lava flow
with cinder-block lava breccia, followed by the above
sequence of fine to coarse epiclastic volcanic breccia
deposited by debris flows and hyperconcentrated flows.

JL-28 Remata — Bralova skala (Cliff Rock) — type profile of
Remata Fm., Late? Sarmatian. At the bottom of the profile
two lava flows are present, with substantial representation
of cinder-blocky lava breccia, followed atop by pyroclastic
flows deposits separated by the layers of fallen pyroclastics
and redeposited pyroclastic breccia.

JL-29 Nizna Pokoradz —lahars, conglomerates, sandstones,
type profile of Pokoradz Fm., Sarmatian, situated within
NR Pokoradzké jazierka (Pokoradz Lakes). Above the
basal layers of epiclastic volcanic sandstones chaotic
lahar breccias crop out, passing upwards into succession
of epiclastic volcanic conglomerates and sandstones and
in the upper of the formation 25 m thick deposits of the
block-ash pyroclastic flows.

JL-30 Sucha hora — stratovolcanic cone, VI¢i vrch Hill
Fm., Early Pannonian. At the site the outer section of the
stratovolcanic cone is cropping out along with a thick lava
flow at its flank.

JL-32 Stara Kremnicka — limnosilicites, Jastrabie Fm.,
Late Sarmatian. The site is one of the two type profiles
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of a succession of redeposited tuffs and sediments with
tuffaceous limnosilicites.

JL-36 Hrochot’ — NL Janosikova skala (Janosik's Rock) —
type profile through Abcind Fm., Late Sarmatian, situated
within PLA Pol'ana. The profile is made of the sequence
of epiclastic volcanic breccias which were deposited by
pyroclastic flows.

JL-40 Streda nad Bodrogom — rhyolite tuffs, submarine
slump, Middle-Late Sarmatian, situated within PLA
Latorica. In the abandoned quarry at Streda nad Bodrogom,
with exceptional wine cellars, a massive body of submarine
slump of 20 — 30 m thickness, is exposed, in particular in
the west wall of the quarry.

JL-41 Burda — Kovacov — extrusive bodies and lava
breccia flows, Early Badenian, situated within PLA
Dunajské Luhy and NNR Burdov. The Burda Fm.
represents a set of products of extrusive and explosive
activity of hypersthene, amphibole-hypersthene and
biotite-amphibole-hypersthene andesites to dacites, with
accessory garnet especially at the base.

JL-42 Horna Stubiia — stratotype of Turéek Fm., Late
Badenian. The outcrop is an example of a smaller
stratovolcano structure, at its flank (in the proximal zone).
In this volcanic framework it is possible to identify mud
and debris flow deposits, surface erosion stages, pyroclastic
breccias and fallout tuffs of the Vulcanian eruptions type
and lava flows of pyroxenic andesite.

JL-50 Vinné — Sttova — extrusive dome of Vinné Complex,
situated within PLA Vihorlat, Middle Sarmatian. The
extrusive body is formed by the massive andesite of
blocky to blocky-columnar jointing, which in the distal
part passes into the blocky extrusive breccia.

JL-51 Thra¢ — lava flow of biotite-amphibole andesite of
Krahule Fm., Late Badenian. The lava flow rests upon
lacustrine sediments of the Early-Badenian; at the contact
the hyaloclastite breccias up to 20 m thick are present.

JL-52 Bartosova Lehotka — rhyolite volcanoclastics, Late
Sarmatian. The succession of epiclastic volcanic breccias
of debris flows and layers of fallout tuffs and lapilli tuffs
represent deposits of outwash cone of medial zone that
correspond with the growth of dome extrusion in the
central zone, accompanied by explosive eruptions.

JL-55 Turova — NL Turovsky soptch (Turova Feeder),
stratotype of Turova Fm., Middle-Late Sarmatian, situated
within protected zone of PLA Polana. The cylindrical
body of a diameter of 60 — 80 m is formed by explosive
breccia. Within the chaotic breccia, sometimes with traces
of fragmentation, there can be observed vertical zones
with varying degree of disintegration.

JL-61 Zéhradné — intrusion of andesite with garnet, Fm.
Lysa straz — Oblik, Middle Sarmatian. The andesite
porphyry with microhypidiomorphic to allotriomorphic
grained matrix contains rare inclusions of cherts and
porcelainites.

JL-68 Stara Kremnicka — JelSovy potok — limnosilicite,
bentonite, Jastrabie Fm., Late Sarmatian. At the site we
can observe light laminated limnosilicites deposited in the
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distal zone by hot springs. At the same time it is a classic
site of bentonite limnosilicite — a non-ore mineral raw
material.

JL-69 Kloko¢ — Pod Polomom — quarzites, intrusive
complex Kalinka, Late Badenian. This locality is the area
of advanced argillitization of high-sulphidic epithermal
system associated with to diorite stockworks in the central
zone of the Javorie Stratovolcano.

JL-86 Bulhary — maar and intrusion, Cerova basalt
Fm., Early Pleistocene. The maar lithology comprises:
deformed phreatomagmatic palagonitized tuffs, intrusion
of laccolith type emplaced in the tuffs, phreatomagmatic
cinder accumulation as a result of contact of the intrusion
with the lake water, lava flows interfingering with
phreatomagmatic pyroclastics of Surtsey type and terminal
cinder cones and lava flows associated with the activity of
the Hawaiian type.

JL-97 Ttnie — KasSova Lehotka — pyroclastic flow, Turova
Fm., Middle Sarmatian. The coarse-debris block-ash
pyroclastic flow around Turovéa represents a relic of a
larger sheet with a thickness of 20 — 70 m.

JL-98 Badin — pyroclastic flow, Turovda Fm., Middle
Sarmatian. At the site, deposits of pyroclastic flow are
exposed covered with thick layers of epiclastic volcanic
conglomerates with layers of coarse epiclastic volcanic
sandstones with thin horizons of redeposited tuffs.

JL-99 Jastraba — Lazy — rhyodacite epiclastics, Jastrabie
Fm., Late Sarmatian. In the railroad cut there is exposed
a sequence of epiclastic volcanic breccias with the
predominant material of rhyodacites.

LS-37 Detva—NL Kalamarka—lava flow, Vel'’kd Detva Fm.,
Early? Sarmatian, situated within the buffer zone of PLA
Polana. The base part of the lava flow has been preserved
with the characteristic lamination and platy jointing. From
the petrographical point of view it is an augite-hypersthene
andesite with olivine (or basaltic andesite).

LS-89 Cierny Balog — Brusniansky griiii — lava flow, Fm.
Pol'ana, Early? Sarmatian, situated within PLA Pol'ana. At
the bottom the lava flow has blocky to platy jointing, which
passes upwards into the irregularly blocky to brecciated
ones. The upper part of the flow is a porous blocky lava
breccia.

LS-90 Hrinova — NNL Bystré — lava flow, Fm. Polana,
waterfall, Early? Sarmatian, situated within the buffer zone
of PLA Pol'ana. At the bottom the lava flow of pyroxenic
andesite has blocky to platy jointing, which passes upwards
into the irregularly blocky to brecciated ones. The upper
part of the flow is a porous blocky lava breccia.

LS-92 Klak — Klastorna skala — lava flow, Vta¢nik Fm.,
Late Sarmatian. Originally, lower part of the flow is
made of the dark grey andesite with platy, thick-platy and
columnar jointing. The rock is resistant to weathering and
this is the cause of the formation of the rocky cliffs.

LS-93 Brehy — abandoned quarry, basalt lava plateau,
Pleistocene (Fig. 1.18). The site is a nepheline basanite
lava flow of the volcano Putikov vrSok Hill, which is
of Mid- to Late Pleistocene age, and thus the youngest
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volcano in Slovakia. The volcano is a cinder cone and a
set of lava flows forming lava plateau which lies near the
Hron River atop the Riss terrace.

LS-94 Tekovska Breznica — NL Putikov vrSok, basalt
volcano, cinder cone, Late Sarmatian, situated within PLA
Stiavnické vrchy. The rocky cliffs expose tuffs, lapilli
tuffs, agglomerates and prevailing agglutinates deposited
with the primary slope of about 20 to 30 °. The cinder cone
is the product of the Vulcanian, Strombolian and Hawaiian
eruption types.

VK-01 Vyhne — NR Kamenné more (Stone Field) —
rhyolites, Jastrabie Fm., Late Sarmatian, situated within
PLA Stiavnické vrchy. The block sea represents a colluvial
accumulation of rhyolite blocks which originated during
the last glaciation period.

VK-02 NNR Sitno — castellated rocks in amphibolic
andesites — lava flow, Sitno effusive complex, Late?
Sarmatian, situated within PLA Stiavnické vrchy. The lava
flow rests on tuffs of the Biely kament Fm. Thanks to its
resistance against weathering it creates massive cliffs.

VK-03 Krupinské bralce — NL Stangarigel — relic of lava
flow with columnar jointing — lava flow, effusive complex
of Jablonovy vrch Hill, Sarmatian, situated within PLA
Stiavnické vrchy.

VK-10 Banska Stiavnica — Kalvaria (Calvary), basalt
feeder, situated within PLA Stiavnické vrchy. The site
represents a lava neck of nepheline basanite exposed due
to erosion; its age is estimated to 7.2 Ma.

VK-139 Hronska Breznica — pyroclastic flow, Breznica
complex, Early Sarmatian, situated within PLA Stiavnické
vrchy. The site displays chaotic block breccia of amphibole-
pyroxenic andesite, which can be described as moderately
welded deposits of block-ash pyroclastic flow deposited

Fig. 1.18 Brehy, transition from columnar jointing in the bottom part of the flow into
thin-bedded one in its central part and again the columnar one in its upper part (Photo

at the northern foot of the Stiavnica
Stratovolcano.

VK-145 Hajnacka — Kostnd dolina
Valley (Valley of Bones) — maar,
Cerova basalt Fm., Pliocene, situated
within PLA Cerova vrchovina. The
maar is world-famous paleontological
site thanks to the findings of the
bones of mammals. Is the type site of
the zone MN 16a of biostratigraphic
scale of FEuropean continental
Neogene. The bones are not in the
primary sediments of the maar lake,
but in the sediments of a bit younger
lake, which evolved in the space of
maar after its denudation.

VK-16 Plastovce — type profile of
Sebechleby Fm./Plastovce Mb.,
Early Badenian. The Plastovce
Mb. involves tuffaceous siltstones,
epiclastic volcanic sandstones and
sliding bodies of conglomerates.
From the petrographical point of
view the rock material consists of
amphibole-hypersthene andesites and augite-hypersthene
andesites with accessory amphibole.

VK-17 Medovarce — lahar breccia, type profile of
Sebechleby Fm., Early Badenian. The age of the deposits
is medium to upper part of Early Badenian. The profile
involves alternating layers of blocky well-sorted
conglomerates, fine conglomerates and sandstones with
massive layers of chaotic breccias of lahars (mudflows),
which crossed the coastline and moved on the shallow sea
floor.

VK-18 Ladzany — Husarka — lava flow, type profile through
Ladzany Fm., Sarmatian, situated within PLA Stiavnické
vrchy. The lava flows of pyroxenic andesite shows at its
base and its margin distinct lamination and platy jointing,
which is parallel to the slope of the flow, or to a direction
of its course.

VK-19 Drastavica — ignimbrite, type profile of Drastavica
Fm., Early? Sarmatian, situated within PLA Stiavnické
vrchy. Intensive welded ignimbrite of amphibole-
pyroxenic andesite with biotite shows coarse-columnar to
blocky jointing. At the base of the ignimbrite a horizon of
non-welded unsorted pumice tuff is placed. The ignimbrite
is the product of explosive eruptions of the Plinian type.

VK-20 Boky — Certova skala (Devil's Rock) — lahars, type
profile of Breznica complex, Early? Sarmatian, situated
within NR Boky. The Certova hlava natural formation is
a perched block, which evolved due to weathering out of
isolated blocks of andesite from the thick breccia.

VK-22 Ilija — pumice flow, profile through Stiavnica
caldera fill, Studenec Fm., Late Badenian, situated
within PLA Stiavnické vrchy. The profile is dominated
by pyroclastic and epiclastic volcanic rocks — deposits of
pumice-ash flows, redeposited tuffs and epiclastic volcanic
breccias and sandstones.
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VK-23 Stara Huta — Blyskavica — hyaloclastites, type
profile of Blyskavica Fm., Early Badenian.

VK-26 Ziar nad Hronom — Sibeni¢ny vrch — tuff cone,
type locality of Sibeni¢ny vrch Complex, Pannonian. The
site is a monogenetic volcano of calcium-alkali basalt
to basaltic andesite. The cone is made of fallout tuffs,
deposits of pyroclastic fluxes and bombs, which travelled
along ballistic curves and created impact structures at that
time surface.

VK-35 Hlinik nad Hronom NR— Szabbova skala, rhyolite,
Jastrabie Fm., Late Sarmatian. The rock wall on the west
side of the body preserved spherolitic rhyolites with a well
developed fluidal texture emphasized by oriented bubbles
(lithophyses). On the east side there is preserved the
original vitreous edge of the body, and associating glassy
breccias, which are a perlite deposit.

VK-38 Somoska — lava neck, Cerova basalt Fm., Pliocene,
Dacian, situated within PLA Cerova vrchovina. The site
Somoska represents a lava neck of alkali basalt of Early
Pliocene age exposed by erosion of surrounding sediments.

VK-44 Hodejov — maar, Cerova basalt Fm., Pleistocene.
Abandoned quarry exposes a maar filling of Early
Pleistocene age. The older part of the filling consists of
typically stratified phreatomagmatic lapilli tuffs with
prevailing dry pyroclastic deposits of inrushes. This filling
was cut in by a new crater, which created within extremely
energy phreatoplinian eruption; this is indicated by the
deposits of tuffs and pumice tuffs on the crater wall. The
horizon of agglutinates atop tuffs indicates the subsequent
stage of the Hawaiian type eruptions, which were soon
replaced by eruptions of the Surtsey type as a result of
maar lake formation.

VK-46 Hajnacka — diatreme (volcanic pipe), Cerova basalt
Fm., Pliocene, Romanian, situated within PLA Cerova
vrchovina. The site is a neck (feeder) exposed by erosion —
diatreme of alkaline-basaltic monogenetic volcano, which
was active during the Late Pliocene.

VK-47 NNR Raga¢ — cinder cone, Cerova basalt Fm.,
Pleistocene, situated within PLA Cerova vrchovina. The
site is the relic of a cinder cone and lava flow associating
older Pleistocene, volcanic forms of a basalt monogenetic
volcanic field of southern Slovakia and northern Hungary.

VK-48 Fil'akovo, hradny vrch (Castle Hill) — Cerova basalt
Fm., Pleistocene. The Filakovo Castle Hill is an example
of less eroded maar of the Cerova basalt Fm. of Early
Pleistocene age with preserved fill of phreatomagmatic
pyroclastics.

VK-54 Pocuvadlo — ignimbrite, Drastavica Fm., Early?
Sarmatian, situated within PLA  Stiavnické vrchy.
Ignimbrite at Poctvadlo is a member of the Biely Kamen
Fm. of the Early Sarmatian age.

VK-56 Celovce — necks, Celovee Fm., Early Badenian.
Explosive neck at the Celovce village is one of the feeders
of pyroclastic volcano of the Celovce Fm. Its age is
younger than the Early Badenian. The volcano evolved in
the coastal zone of a shallow sea.

VK-57 Tanad — andesite porphyry, Tanad intrusive
complex, Early? Badenian. The Tanad intrusive complex
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ranging in the age from Early to Late Badenian represents
a set of sills and laccoliths of andesite porphyries, which
intruded the stratovolcanic structure. Situated within PLA
Stiavnické vrchy.

VK-58 Juraj Stolia — quartz-diorite porphyry, dyke,
intrusive complex Banisko, Late Badenian, situated within
PLA Stiavnické vrchy.

VK-60 Breziny — extrusion of pyroxene-amphibole
andesite with garnet, Neresnica Fm., Early Badenian. The
extrusive dome is exposed in a quarry Brezina; it is formed
by massive andesites with fluidal texture with vertical
orientation.

VK-62 Camovce — NL Belinské skaly (Belina Rocks)
— basalt flow, Belinska skala Mb., Cerova basalt Fm.,
Pliocene, Dacian, situated within PLA Cerova vrchovina.
The source of alkali basalt lava flow was a cinder cone
Monosa. The lava flow with platy jointing at its base and
columnar jointing upwards, rests upon Pliocene river
sediments.

VK-63 Pincina — maar, Podre¢any basalt Fm., Pliocene,
Pontian/Dacian. The maar is characteristic for the presence
of maar lake sediments — diatomitic clays and alginites.
The abandoned quarry exposes a profile through tuff ring
and the edge of the maar lake deposits.

VK-65 Machulince — lava flow, Inovec Fm., Middle—
Late Sarmatian. After reaching the sea coastal zone the
lava flows of pyroxenic and leucocratic andesites were
transformed into accumulation of hyaloclastite breccias.

VK-70 Banska Stiavnica — Sobov — secondary quartzites,
situated within PLA Stiavnické vrchy, Late Badenian.
The site Sobov is a typical example of a high-sulphidic
hydrothermal system with alteration of the advanced
argillitization type, which is characterized by extreme
leaching-out of rocks by acidic solutions.

VK-73 Hlinik nad Hronom — Panska hora, NR Bralce —
rhyolite cryptodome, Jastrabie Fm., situated within PLA
Stiavnické vrchy, Late Sarmatian. The body consists of
massive to porous and vesicular plagioclase rhyolites,
especially in the peripheral parts with banded structure
of fan-shaped course. In the apical part of the body
manifestations of adularization and silicification are
visible.

VK-75 Brhlovce — tuffs and epiclastics, Bad’an Fm.,
Early Sarmatian (Fig. 1.19). The site represents epiclastic
volcanic sandstones facies and redeposited tuffs of the
Bad’an Formation, Early-Sarmatian in age. The tuffs and
tuffaceous sandstones were used in the past as construction
material and served also as unique rock dwellings.

VK-79 Hrusov — epiclastic volcanic sandstones, Celovce
Fm. Epiclastic volcanic sandstones near Hrusov represent
deposits of distal zone of the pyroclastic volcano of the
Celovce Formation, Early-Badenian in age.

VK-80 Vinica — Sokolia skala (Falcon's Rock) — extrusion,
Vinica Fm., Early Badenian. The site is one of the type
profiles of the Vinica Formation, Early-Badenian in
age; it corresponds to submarine extrusive domes, and
to the processes of their brecciation. Sokolia skala cliff
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Fig. 1.19 Cellars worked-out in tuffaceous sandstones in
Brhlovce (Painting by V. Konecny)

represents the submarine extrusion of pyroxenic andesite
with amphibole; the brecciation took place at the level of
sea bottom.

VK-82 Stara Huta — lava flow, Javorie Fm., Early
Sarmatian. The lava flow near Stara Huta is the type profile
of the Javorie Formation of Javorie Stratovolcano. The age
of the formation is the Late Badenian to Early Sarmatian.

VK-87 Pribelce — tuffaceous sands, Vinica Fm., Early
Badenian. The site is the stratotype of Pribelce Member
(beds); the beds constitute the basal transgressive Early
Badenian layers atop the sediments of early Miocene.

VK-88 Domaniky — conglomerates and sandstones,
Sebechleby Fm., Early Badenian. The type profile of

the Sebechleby Formation near Domaniky represents
the littoral sea facies in the distal zone of Stiavnica
Stratovolcano. The age of the deposits corresponds to the
Mid- to the Upper zone of Early Badenian.

1.4.7 Quaternary localities

The Quaternary of the Western Carpathians represents
a particular evolutionary stage, which is typical for
continental facies of irregular spatial distribution. The
largest extent and thickness have developed in the
lowlands and depressions, in opposite to high mountains
(Fig. 1.20). The largest thicknesses (reaching several tens
of metres, even above 100 m) have been documented in
the Quaternary tectonic depressions of the Zahorska,
Podunajska and Vychodoslovenska nizina lowlands and
the Liptovska kotlina Basin. The fill of these depressions
consists of deluvial, proluvial, eolian, fluvial and
glaciofluvial deposits. In ordinary development the largest
thicknesses have been observed in glacial, deluvial, eolian,
fluvial and glaciofluvial sediments (usually up to 20 to
30 m).

Y-01 NL Axamitka Cave — 38 — 30 ka, 18 — 10 ka,
Aurignacian; Late Epigravettian, palacontolology. The
Axamitka Cave was named after the Commander of
“Bratrici” or “Brothers” (combative groups of Czech
Hussites in Slovakia) Peter Aksamit of Lidéfovice and
KosSov, which dwelled here in the year 1458. Of particular
interest are the findings of the settlements of people
from the Early Stone Age. A finding of a split tip of the
Reindeer antler is the oldest evidence of the settlements
of Zamagurie (Magdalénian). Situated within PIENAP NP.

Y-03 Bojnice — 120 — 90 ka (travertine mound),
60 ka (Prepostska jaskyna, Prior's Cave) Mousterian,
palacontology, archacology (Homo neanderthalensis).
The travertines are exposed in terraces in Bojnice over the
alluvium of the Nitra River.
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Y-04 NL Certova Pec Cave — 200 — 40 ka, 40 — 32 ka,
30 — 20 ka, Mousterian, Szeletian, Gravettian, palaconto-
logy, archaeology. Itis the first Slovak cave with the findings
of the three Palaeolithic cultural layers in superposition to
each other (Gravettian, Szeletian and Mousterian). The
findings of a Middle-Palaeolithic Mousterian industry
of Riss-Wiirm interglacial rank it to the oldest cave with
Palacolithic population (Barta, 1972).

Y-05 NNR Drevenik — Pleistocene travertine mounds (Fig.
1.21). Drevenik represents the largest travertine territory
in Slovakia, with lots of caves and cavities, the rocky city,
and travertine mounds and tectonic faults; it manifests a
wuthering geological evolution of the Earth.

Fig. 1.21 Rock city of Drevenik, gravitational disintegration of travertine mound at its
edge (Photo P. Liscak)

Y-06 NL Dzerava skala — okolo 57 — 24 ka, Micoquien,
Aurignacian, Gravettian, palacontology, archaeology.
Thanks to its palaecontologic and archaeologic findings
Dzerava skala has become a significant object of both
professional and amateur investigation since the year 1913
(Hillebrand, 1913). Situated within PLA Malé Karpaty.

Y-07 Ganovské travertiny (Ganovce Travertines) —
105 ka, Mousterian, palaeontology, archaeology (Homo
neanderthalensis). In 1926, in the travertine quarry in
Ganovce stonemason foreman K. Koky discovered and
subsequently saved a cast of cranial cavity of an early
Neanderthal. The absolute age of the Neanderthal findings
based on uranium-thorium method dating of the travertines
is 105 000 years (Vicek, 1955).

Y-10 NR Chotinske piesky (Chotin Sand Dunes) — sand
dunes. The surface area of 7 ha provides a habitat for sand-
based and xerophyllic plant and animal communities on
stabilized sand dunes. The layer of acolian (wind-blown)
calcareous sands attains a height of 2 to 3 m.

Y-12 Jasovska jaskyna (Jasov Cave) — Palaeolithic,
Neolithic, Hallstatt, Roman times, palacontology,
archaeology. Jasov Cave is the oldest show cave in
Slovakia; since 1846 it was made accessible thanks to
the monks of the Jasov Monastery. Among the remains
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of former fauna the Cave Bear bones (Ursus spelaeus)
were found, as well as the Cave Hyena (Crocuta spelaea).
Situated within NP Slovensky kras.

Y-13 Kolinany — Early and Middle Pleistocene (Villanyian
MN 17, Biharian MQ1), palaecontology. In the operating
limestone quarry Malok southwest of the village Kolinany,
in the system of parallel narrow vertical karst crevices
filled with terra rossa (partial sites Kolinany 1 — 3) there
were found the fossil remains of mainly small mammals
from the upper Villafrank (biozone MN 17).

Y-14 Ladmovce Middle Pleistocene (Biharian),
palaeontology. In an abandoned quarry with dolomitic
limestone at the village of Ladmovce,
there were found at a depth to about
5 m from the surface, the residues
of the fossil vertebrates of the and
malacofauna in the fill of the former
cave space. Situated within PLA
Latorica.

Y-15 Pruzinskd Dupna jaskyna
(Dupna Cave) — skeleton of Cave
Lion. The lion (Panthera spelaea)
finding in the Pruzinska Dupna Cave
is extraordinary and unique evidence
of the presence of this species on the
territory of Slovakia.

Y-16 NR Blatnica — Ruzovy previs
(Pink Overhang) — creation of
foamstone, Holocene profile, situated
within NP Vel'ka Fatra. This overhang
became the classic site of the foam
sinter overhangs in the Carpathian
Mountains (Lozek, 1976). This is
a typical foam sinter overhang in a humid location at
the bottom of the valley. Therefore, almost the entire
Holocene profile has been preserved in the foam sinter,
with numerous speleo-pearls and abundant shells of
aquatic mollusc Bythinella austriaca (Frfld). Situated
within Velka Fatra NP.

Y-17 NL Mazarna Cave — relics of Cave Bear. The cave
is located in the Middle Triassic Gader limestones of the
Cho¢ nappe. Situated within Velka Fatra NP.

Y-18 NNL Medvedia jaskyna (Bear Cave; Glac Plateau)
with a length of 497 m and depth of 30 m represents two
extensive major corridors, which unite morphologically
into single passage. Entrance of the cave is a spacious abri
with a length of 9.6 m, a width of 8 m, and the height of 6
m. Significant is the large number of well-maintained fossil
osteologic materials of the Cave Bear (Ursus ingressus).
Situated within Slovensky raj NP.

Y-19 NNL Medvedia jaskyna v Zapadnych Tatrach —
(Bear Cave) in the Western Tatras, in NNR Sucha dolina,
situated within TANAP NP, was discovered in 1953, and
already the first mention on it in the literature testified for
a large amount of palacontologic findings collected — the
whole skeletons of Cave Bears (Ursus spelaeus) and other
Pleistocene carnivores (Benicky, 1953). In addition to the
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complete skull and skeleton of the Cave Lion (Panthera
spelaea) in 2007 there were found in the cave the bones of
the Wolf (Canis lupus).

Y-20 Mnesice — 270 BP — 10 ka, Clactonian, Mousterian,
Szeletian, Gravettian, palacontology, archacology (Homo
stenheimensis). The loess are separated by several fossil
soil horizons with archaeological cultures of Early
Palacolithic. The thickness of the profile is 30 m. The
loess were formed during Mindel up to Wiirm glacials (ca
445,000 up to 10,000 years BP).

Y-21 Moravany nad Vahom — Banka — from 40 till recent,
Szeletian, Gravettian, Epigravettian, Neolite, Eneolite,
Recent, palacontology, archaeology. Here, in 1938 the
“Venus of Moravany” was accidentally found, a statuette
of Palaeolithic women from mammoth tusk (originating
from the period 22,500 years B.C.).

Y-23 Ondrej-Horka— LP Eemian, IS Se Middle Palaeolithic,
Mousterian, palacontology. The travertine mound Skalka
and a surge of still active mineral water located close to
the site. The age of travertines was determined by the
U-Th and Th-Th dating to 228,000, 186,000, 160,000
to 116 years BP (Kovanda et al., 1995). Similarly, the
oldest archaeological findings are from the Mindel-Riss
(Holstein) interglacial and belong to an earlier phase of the
Middle Palaeolithic. Other findings come from the Riss-
Wiirm (Eemian) interglacial.

Y-24 Senec—The Senec brickyard siteisasignificant finding
of the Woolly Mammoth (Mammuthus primigenius) with
the most complete skeleton on the territory of Slovakia,
which was found in 1961 (Cincurova, 1963).

Y-26 Ratnovce — Late Pleistocene, palacontology,
archaeology (Fig. 1.22). The site consists of about 700
m long path in a rill. The loess walls in the rill are up
to 8 metres high, and in several places the remains of
Pleistocene mammals (Mammoth, Reindeer, Arctic Wolf)
and also malacofauna are found.

Fig. 1.22 Ratnovce, mammoth tusk in loess (Photo M. Vlaciky)

Y-27 NNL Spissky hradny vrch (Spi§ Castle Hill) —
travertines. Spi§ Castle is a castle ruin atop travertine
mound, forming the Spi§ Castle Hill, which thrones
over a wider surrounding of the main road that connects
the neighbouring Spi3 and Sari§ regions. It is not only a
testament to the evolution of architecture from 12 to 18™
centuries, but with its more than 4 hectares (exactly 41,426
m?) it is the largest castle complex in Slovakia and one
of the largest in Europe. Biochemical sediments, which
are the main subject of our interest, are the travertines
and foam sinters, Late-Miocene to Holocene in age. The
castle is a National Cultural Monument and since 1993
it is a component of the Levoca, Spi§ Castle monuments
registered on the list of UNESCO World Heritage.

Y-28 Strekov — 2.6 Ma, Villanyian, Late Pliocene/
Pleistocene MN 14, MN 16b, MN 17, palaecontology.
Sandpits, which contain important vertebrate fauna of large
fossils from the period at the turn of Tertiary — Quaternary.
The fauna is typical of the so called “Mammuthus-Equus
event” (Vlaciky et al., 2008).

Y-29 Sala — 80 — 40 ka, Mousterian, palaeontology,
archaeology (Homo neanderthalensis). The site consists
of two locations Sal’a 1 and 2. The Sala 1 was discovered
in 1961. It represents very well preserved fossilized frontal
bone of brown-black colour apparently belonging to an
adult from around the late Pleistocene Central European
Neanderthal — probably woman who has died aged around
20 to 39 years. With regard to the current prevalence of
animal species Dicerorhinus hemitoechus and Megaceros
giganteus hibernicus initially estimated at young
Pleistocene, Early Wiirm last glacial period (some 70,000
— 50,000 years BP). The Sal’a 2 finding was found in July
1993 and in early December 1995 in the local part Sala-
Veca. The finding consists of two parts, which belonged to
one individual. The fossil Sal’a 2 is older and more robust
than Sal’a 1 and belonged very likely to an adult male, who
died aged around 40 — 59 years.

Y-30 NNR Sur — the last and largest relic of a high-stem
swamp-bog alder-tree forest, with remains of the wet and
peaty meadows on its periphery. The site contains a detailed
limnologic record of the changes in the environment by
the end of the last glacial and onset of Holocene in buried
organic lacustrine sediments.

Y-31 NL Tmava skala Cave — 127 — 10 ka, palacontology.
The cave was formed in Middle Triassic limestones of
the Cho¢ nappe along the joint N-S direction. The site
represents the typical bear cave, which thanks to its
relatively stable temperature and voluminous subhorizontal
spaces with sufficient water in the past, was used by tens to
hundreds of specimens of Cave Bear for hibernation and
the giving a birth to cubs during a relatively long period of
Late Pleistocene (Sabol, 1997). Situated within PLA Malé
Karpaty.

Y-32 Trencianske Bohuslavice — around 20.3 ka — 29.13
ka, Gravettian, palacontology, archacology. Gravettian site
is the most comprehensive and the most modern studied
Palaeolithic site in the territory of Slovakia. Qualitatively,
a significant component of industry create both-sides
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processed leaf-shaped spikes, otherwise the findings
correspond to standard Gravettian industries. Another
of the specificities of the site is the presence of a large
quantity of paleontological material; mainly Reindeer
and Horse, Mammoth, Polar Fox, a representative of the
Bovidae family (Bos/Bison), Woolly Rhinoceros, Wolf,
Brown Bear and Beaver, Hare (Vlaciky, 2009).

Y-33 NNL Vazecka jaskyna Cave — more than 40 ka,
palaecontology. In the cave deposits (extraordinary lot
of the Cave Bear bones (Ursus spelaeus) have been
preserved. The findings of the bones of the Cave Bears

were dated by radiocarbon method to over 40 000 years
(Sabol & Visnovska, 2007).

Y-34 V¢elare — MN 17 Villanyian, MNMQI1 Biharian,
palacontology. Significant palacontological site Vcelare
consists of separate sites, dating back to the period of Late
Cenozoic.

Y-35 Mala l'adnica Ice Cave — 56 metres deep abyss Mala
l'adnica is located in the cadastre of Silickd Brezova at the
altitude 441 m a.s.]. Human tooth from the Mala l'adnica
sedimentary fill is the first finding of the remains of a man
on the territory of Slovakia of Young Pleistocene age.
Situated within NP Slovensky kras.

Y-36 Komjatice — Komjatice brick-yard is an important
location of the first finding of a layer of volcanic ash in
Pleistocene loess on the territory of Slovakia.

Y-37 Zirany — Early and Middle Pleistocene (Biharian,
MQ1), palaeontology. Palacontologic site in the quarry on
the East slope of the Hill of Zibrica, very rich and unique
fauna was obtained here with two leading taxa: Lagurus
(Prolagurus) pannonicus and Allocricetus bursae. There
were discovered additional 17 taxa of small mammals, and
5 species of large mammals (Fejfar, 1964).

Y-38 Hajnacka — Pleistocene fauna. In the vicinity of
Hajnacka two world-famous sites are located with Late
Pliocene fauna. Hajnacka is the type site of the European
Neogene Scale defined on the basis of mammalian fauna.

Kysie®
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It belongs among the type sites of the MN 16 — subzone
MN 16a — Villafrank. Its age is 3.3 — 2.8 Ma. Situated
within PLA Cerova vrchovina.

Y-40 VIckovce — loess profile, Palaeolithic settlement. The
Palaeolithic station Vickovce is located in the area of the
former Slezak brickyard. The loess profile in VIckovce is
a comparative site for the Danube and Vah Palaeolithic
populations. Zebera (1958) ranked it among the most
important Palaeolithic stations in Slovakia.

Y-43 Gortva — succession of fossiliferous sediments is
located on the upper part of an earlier stage of Middle
Pleistocene terrace, which is located above the younger
Middle-Pleistocene (principal — Riss) terrace.

Y-45 Danube River — The Danube is the second longest
river and the longest river in the European Union. Already
the ancient Romans knew this river, which created a major
natural northern border of their empire, fortified Limes
Romanus. The river and its basin are a valuable and unique
eco-system that provides the habitat for very diverse fauna
and flora.

Y-46 Svodin — Shallow mapping structural borehole DZ-2
(reached the depth of 36 m), drilled North of the village
Svodin. Massive loess was drilled here through (36 m)
with well-preserved fossil soils, ranging up to the Earliest
Pleistocene. For this reason, this area is of great importance
for the Quaternary study.

Y-47 Brekov — Neogene/Pleistocene fill of karst cavities.
Active limestone quarry south of the village of Brekov. In
the quarry there was exposed an extensive profile through
the Gutenstein limestone, disrupted by fault. The fossil
findings come from a sandy subsoil of coarse dark-red
terra-type deposits.

1.4.8 Localities of historic mining

The mining (Fig. 1.23) is an important aspect of the
Slovak history, which in the past had employed directly
tens of thousands of people, and scores of others on
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Fig. 1.23 Distribution of the sites of historic mining in the Slovak territory
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supplementary activities (Zamora et al., 2008). Geological
processes have also created accumulations of a whole
range of mineral resources, some of which have a world
reputation. The places of concentration of such sites are
the historical mining towns (Banska Stiavnica, Kremnica,
Lubietova, Dubnik opal mines). Some of them are the sites
of the first description of minerals (Cubietova — euchroite,

libethenite, mrazekite; Sirk — evansite, vashegyite,
Smolnik — kornelite, rhomboclase, szomolnokite; Hodrusa
— hodrusite).

Of the ore deposits, deposits of gold, silver, copper,
lead, zinc antimony and mercury were the most
important. In the environment of the Crystalline and the
younger Palacozoic of Tatricum and Veporicum there are
syngenetic high-sulphidic mineralisation (HSM) deposits
of pyrite and pyrrhotite, veins/stockworks and occurrences
of gold-arsenopyrite, gold-scheelite and polymetallic
veins/stockworks and residual placers of gold. In the Spis-
Gemer Ore Mts. of Palaeozoic environment, the HMS
copper and polymetallic deposits, the siderite metasomatic
deposits, siderite-sulphide deposits of copper and siderite,
barite, gold-stibnite vein deposits, and syngenetic deposits
of manganese and iron. In neovolcanites we can find
porphyro-skarn deposits of copper and gold, magnetite
skarn deposits, polymetallic pre-impregnation deposits,
polymetallic and precious ore veins and stockwork-
impregnated mercury deposits.

Slovakia is rich in non-metallic deposits. Magnesite,
talc, gypsum, limestone, dolomite, quartzite, pearlite,
zeolite, bentonite, ceramic clay, quartz sand, petrurgic
basalt and natural pigments are of the greatest importance.
From the point of view of the economy, large sources of
building materials — building stone, gravel, sand and brick
raw materials are important.

Slovakia is not rich in energy raw materials. Only the
deposits of brown coal and lignite have a larger extent in
Tertiary depressions. There are several small petroleum
deposits in the Slovak part of the Vienna Basin.

B-01 Banska Stiavnica — mining of polymetallic ores,
Mining Academy (1762), established by Maria Theresia.
Situated within PLA Stiavnické vrchy. The mining
education in the former Austrian-Hungarian Monarchy,
as well as in Europe, was significantly influenced by the
foundation of the Mining Academy in Banska Stiavnica. It
was the first school of its kind and at the same time the first
academy of technical education all over the world. The
elimination of the Ottomans’ danger in the Middle Europe
gave significant economic impulses. At the meeting of
excellent persons of the Royal Court in Vienna on October
22™ 1762, the decision was made to establish in Banska
Stiavnica the academy, which ought to produce mining
and metallurgy specialists. The crucial moment in decision
about the seat of such a academy was the fact, that within
the Habsburgs” Monarchy the Banské Stiavnica region was
front ranking in adopting of most advanced technologies
in mining, ores processing and metallurgy. The final
decision on the seat of the Mining Academy made Maria
Theresia on December 13" 1762. The first professor of
the Mining Academy in Banska Stiavnica was appointed

Michael Joseph Jacquin, one of the most excellent
scientist in Europe of that time, known for his knowledge
of chemistry and botany. Professor Jacquin gave his first
lecture on September 18" 1764. Until 1765 The Academy
had only one department — the Department of Chemistry
and Metallurgy, headed by Professor Jacquin. In 1765
the second department was established — the Department
of Mathematics, Mechanics and Hydraulics with its first
professor Michael Poda. In 1770 the third department
was founded — the Department of Mining with the first
professor Cristoph Traugott Delius. On the same date a
precise study plan at the Mining Academy was elaborated
in accord with Decree. From the founding of the school, the
teaching was on high level, thanks to excellent professors.
Already Professor Jacquin made a distinct advance in the
education process by complementation of the theoretical
education by laboratory tests. Another important fact is,
that the Mining Academy opened free study for any student
either from the Habsburgh’ Monarchy or from abroad. The
lecture attendance as well as utilisation of mnemonics
were free of charge. The first mining evaluation of the
Banska Stiavnica area comes from Agricola (1558),
describing mining activity and methods of ores processing.
G. A. Scopoli, professor of the Mining Academy, issued
significant mineralogical works. Exceptionally valuable
is the textbook by K. T. Delius “Anleitung zu der
Bergbaukunst” (Introduction to Mining), which due to its
complexity and interpretation of the subject reached the
highest level in the 18™ Century. The advance in mining
was closely connected with international meeting of mining
and metallurgy specialists in Sklené Teplice (12 km from
Banska Stiavnica) in 1786, when Ignac Born introduced
and demonstrated so-called indirect amalgamation. At the
same occasion the participants decided to create a society,
which has been supposed to be the first scientific society
world-wide. The society included 147 members from 15
European countries (among them J.Watt, J.W.Goethe,
L.Lavoisier and other significant scientists). The progress
in cartography was largely influenced by M. Zipser and
mainly by S. Mikovini, the first professor at the Mining
School (founded in Stiavnické Bane, 1735). The pioneer
wok in the ores processing within the Banska Stiavnica
arca made P. Rittinger, who, besides other inventions,
applied for the first time in the world hydraulic sorting
of fine-grained ore products. The Banska Stiavnica area
experiencedalso great progress in water-power engineering.
Within 16" to 19 centuries the most developed water
management system was introduced here, providing the
energy for mining machinery operation. In the second
half of the 19" Century S. Schenek and S. Farbaky, the
professors at the Academy, constructed the first applicable
licensed accumulator in the world. Significant impulse to
the progress of geological science gave the establishment
of the Department of Mineralogy, Geology and Petrology
at the Mining Academy in 1840. Throughout its duration
(from 1840 to 1918) professors J. Pettko, B. Winkler, H.
Bockh, S. Vitalis and others gave their lectures here. Each
of them significantly contributed to progress in geological
knowledge. In 1853 J. Pettko compiled the first geological
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map of Banské Stiavnica and its surrounds, in which the
rock types are distinguished by colours. H. Bockh issued
within 1903-1909 1,400 pages textbook of geology,
which due to its extent and quality ranked among the most
acknowledged geological monographs of the then world.

B-02 Banska Bystrica, Malachov — historic mining of
Hg in Europe. Malachov mercury area belongs to the
oldest sites in Central Europe with mercury exploitation.
The biggest boom here had seen mining around 1565. In
1535, for example, approximately 20 kg of mercury was
extracted from cinnabarite. In 1796 last mining work in the
ore field terminated.

B-03 Dobsind — mining of Ni-, Co-ores. The largest
expansion of mines experienced Dobsina in 1780, with the
beginning of Ni-Co ores mining. This “golden age” lasted
about 100 years. The richest mines were the Zembergu
(Maria adit) and Gugli (adit Hilfgottes).

B-04 PF Dubnik — historic mining of precious opal in
Europe. Dubnik Opal mines are the oldest opal mines in
the world today with the historically most important opal
mining in Europe. The first opals probably originated
from Roman times, but the first systematic search begun
probably in 11%/12" Century. To date there are known over
30 adits and more than 22 km of corridors at the deposit.

B-05 Dubrava — historic mining of Sb-ores. The deposit
Dubrava is one of the greatest Sb deposits in Central
Europe and the most significant Sb deposit in Slovakia.
The ores were exploited here from 13" up to 20" Century.
B-06 Kremnica — mining of gold, historic mint (Fig. 1.24).
The history of the gold mining is immediately associated
with acunation and Kremnica Mint, which was founded in
1329, and till today the coins have been minted here. The
first coins that were produced here were silver groats. From
the year 1335 there were produced the most famous golden
Kremnica ducats. The greatest flowering experienced
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Fig. 1.24 Kremnica, Shaft Frantisek, visit of President Masaryk, by 25/08/1923 (private
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Kremnica in the 14" Century, when it became the most
important mining city in the Kingdom of Hungary, with an
annual production of around 250 kg of gold.

B-07 Levice — mining of “Levice Golden Onyx”. It
represents the mining of historically the most relevant
and the most exclusive Slovak decoration stone, whose
products were sold under the brand “Levice Golden Onyx”
or “the Golden Onyx”. Its mining began in 1926 and was
exploited in particular in the quarry Siklog.

B-08 Hodrusa — Hamre — Ag-, Au-ore deposit. Since the
Middle Ages (at least from the 16" Century) until the
1950s, rich silver and gold ores were mined here. Situated
within PLA Stiavnické vrchy.

B-09 Nizn4 Slana — mining of Cu-, Hg-, Fe-, Ag-ores. The
beginnings of mining date back to 13" Century. First, Hg,
Cu and Ag ores were mined, later moved the exploitation
to iron ore.

B-11 Lubietova — Podlipa — mining of Cu-ores. Cubietova
ranks among the most important copper deposits in Europe.
In addition, Ag, Ni, Co and Fe ores were mined here.

B-12 Lubietova — Tri Vody — Near the gamekeeper's lodge
Tri Vody (Three Waters) a blast furnace for iron ores is
located. The first written report on the iron ore exploitation
is from the year 1580.

B-13 Magurka — mining of gold. The gold mining here
was already known from the 13" Century. At the turn of
the Century (13" and 14%) the gold was mined already
by underground technology. The great boom of mining
occurred in the 80s of the 18" Century, when, together
with gold started antimony ore mining. Situated within
NAPANT NP.

B-14 Marianka NL — mining of Mariatal Shale, stope with
museum. It became famous for its Mariatal shale mining,
which was exported to many European countries (e.g. to
England and Serbia), and also to the Orient and South
America. The shale was exploited first
in the quarry, later also by underground
mining. In the 60s of the 19" Century
a large factory for extraction and
processing of shale was built here, in
which worked up to 200 people.

B-15 Nizna Boca and Vy$na Boca —
mining of Au-ores, historic placers,
education trail. In both of the old
mining villages in particular gold
was mined in the past, but also silver,
copper, antimony and, later, iron ore
and tentatively Ni-Co ores. Situated
within NAPANT NP.

B-16 Nova Bana — Althandel Mine,
Newcomen's steam engine. In Nova
Bana there was the oldest hereditary
adit (y. 1383) in Slovakia according to
the available sources. Nova Bana is a
major site of mining-technical interest;
here, at the Althandel Shaft, the first
Newcomen’s atmospheric fire machine
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(steam engine) for pumping water from mines was used in
Europe.

B-17Novoveska Huta—mining of U-, Cu-ores. Throughout
its history Novoveska Huta was called (except for the most
part of 20" Century) in the literature as “Iglo”, Spisska
Nova Ves. The mining privilege obtained Spisska Nova
Ves in 1271, in the year 1380 it became a free Royal town
and since 1487 it was a member of the Association of the
seven Upper Hungary mining towns. In 1771 the copper
smelting works were built here. In particular, copper and
iron ore, but also the Sb, Ag and Co ores were mined.

B-18 Pezinok — mining of Fe- and Sb-ores. Pezinok is the
largest and most famous ore deposit in West Slovakia.
First, gold was mined here, then antimony ores and finally
the pyrite for the production of sulphuric acid. The gold
deposit (Old City) was discovered in 13" Century and the
first gold was mined from placers, later in the mid of the
second Millennium the gold was gained by underground
mining. Situated within PLA Malé Karpaty.

B-19 Roziiava — Cuéma — mining of Au-, Ag-, Cu-, Sb-
and Fe-ores. Rozinava was the centre of the mining of
gold, silver, copper, antimony and iron ores since the 13®
Century.

B-20 Rudnany — mining Fe-, Hg-ores. Rudnany belongs
to their largest siderite deposits in Europe. Probably the
largest siderite vein in the world — Drozdiak is located
here, which has length 7 km and maximum thickness of
40 m. The exploitation of minerals began at the end of the
13" Century, however, the big boom occurred in the 18"
Century.

B-21 Sirk — Zeleznik — mining of limonite, anhydrite,
pyrolusite. The Zeleznik Hill near Sirk is the largest
deposit of metasomatic siderite in Slovakia. It consists of
three lenses in the length of 4.6 km, which join together
into single body in depth. The maximum thickness of the
lens was 80 m and the workings are extended to a depth of
500 m below the surface.

B-22 Smolnik — mining of Cu-ores. Smolnik belongs to
the most significant ant the longest known copper deposits
in the SpiSsko-gemerské rudohorie Mts. For almost 600
years it ranked among the largest producers of copper in
Slovakia.

B-23 Solivar — PreSov — mining of salts, National Cultural
Monument. Solivar belongs among the most significant
technical monuments in PreSov. It is the most important
and historically the oldest, largest salt deposit in Slovakia.
The deposit is extended over several municipalities
covering an area of about 25 km?. The salt springs here
were known already in 898, but the underground salt
extraction began in Solivar by the mid of the 16" Century,
when Jama (Shaft) Leopold was built.

B-24 Siatorska Bukovinka — quarry Mag&acia — mining of
basalt. The site is a succession of lava flows of alkali basalt
(tephrite), forming a lava plateau. The age of lava flows is
around 2.6 to 2.25 Ma. In the past the basalt was used for
the production of paving blocks and curbs. Situated within
PLA Cerova vrchovina.

B-25 Spania Dolina — mining of Cu-ores, important mining
already in Eneolithic (a, b). pania Dolina is historically
one the most important copper mines in the world. The
copper mining in the younger Stone Age was proven here,
which is evidenced also by stony sledgehammers; their
accumulation belongs to the largest in Europe. Situated
within buffer zone of the NAPANT NP.

B-26 Velky Krti§ — Dolina Mine — mining of brown coal.
Brown coal in Velky Krti§ was discovered by J. Messa
in 40s of the 19" Century. The deposit was extracted in
the mine Bana Dolina, which had 4 excavation sections:
Dolina, H4j Slatinka and Bukovec.

B-27 Voznica — mouth of Heritage Gallery. Voznica
Hereditary Gallery is probably the most significant mining
work in Slovakia. This deepest hereditary gallery in the
vicinity of Banska Stiavnica was developed in the years
1782 — 1878 (96 years!). Its function has been to drain the
Stiavnica-Hodruga ore field; it mouths in the Hron River at
the village Voznica. Situated within PLA Stiavnické vrchy.
B-28 NNR Vysoké Tatry Mts. — Krivan—mining educational
trail, situated within TANAP NP. Below Krivan Hill in
High Tatras the remains of the historic gold mining have
been preserved. There are probably the highest laid mines
in the Carpathians. The highest adit is located at 2,115 m
a.s.l. The first gold on the slopes of Krivan was found in
the 15% Century. Situated within TANAP NP.

P-49 Old All the Saints Mine — Banska Hodrusa — the
first written mention of the Mine is dated back to 1378,
it is likely more than 700 years old. The gallery and some
passages, along with a mineralogic exposition, are open to
visitors. Situated within PLA Stiavnické vrchy.

1.4.9 Mineralogic localities

There are more than 1,100 minerals identified within
the territory of the Slovak Republic (Duda & Ozdin,
2012). Of them, 21 were for the first time described from
the nowadays Slovakia, from 14 sites, mainly of historical
mining (Ozdin, Kui$ik, 2018, article no. 2 of this issue). The
specimens of the Slovak minerals are scattered throughout
mineralogic exhibitions worldwide. The distribution and
the list of mineralogical sites (Fig. 1.25) includes also the
5 Slovak localities of meteorites (all-in-all there are known
six confirmed meteorite finds from Slovakia, further two
sites are assumed; Gargulak & Téth, 2014).

DO-01 Banska Bela — occurrence of historically important
minerals zunyite (“dillnite”), diaspore and “coryllite*.The
diaspore was discovered in 1823 during the Ferdinand
Gallery development. At that time it was probably the
second known occurrence of this mineral in the world,
and soon its samples expanded throughout the world.
Despite the fact that the type locality is located in Russia
(discovered and described in 1801 near Sverdlovsk, Ural
Mits.), up to about mid of the 20" Century the diaspore was
world-wide known just from Banské Stiavnica, later from
Turkey, where the much larger, even gem-stone diaspores
occur”. The diaspore forms aesthetic pink crystals,
often dichroic, mostly up to 1 cm large, in alumosilicate
rocks. Situated within PLA Stiavnické vrchy.
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Fig. 1.25 Distribution of the mineralogical sites in the Slovak territory

DO-02 Banskéd Stiavnica — World Cultural Heritage
Site UNESCO, occurrence of barite, sphalerite, calcite,
quartz (var. sceptre; amethyst, smoky quartz), stephanite,
pyrargyrite and Fe, Ma, Al sulphates. Banské Stiavnica is
from the mineralogical point of view the site with the most
colourful mineral composition in the Carpathians. Thanks
to a large number of metalliferous veins here there were
described the most minerals on Slovak deposits — over 150.
Crystals of individual minerals are characterised not only
by their size, but in particular by colour and morphological
diversity. The most colourful and morphologically diverse
are carbonates (calcite and dolomite), quartz, and barite.
Among carbonates manganocalcite from here was
described already in the mid of the 19" Century. Later it
was found that this is only enriched calcite and according
to the latest data, the most of calcites described as
manganocalcites do not contain significant proportion of
manganese. Calcite and dolomite form a very large number
of colour and morphological types, shrubby, spherical,
sheaf-like and other aggregates. Practically in each cavity
we can find a little bit different carbonate. There occur also
the most beautiful and the largest Slovak rhodochrosites
of rich-pink colours. A relatively uncommon kutnohorite
creates aesthetic macroscopic aggregates, but also of
siderite, dolomite and ankerite. A great deal of variety
have barites. Typical for the site are so called leaf-shaped
barites, whose crystals resemble leaves. Their size reaches
up to 15 cm, white colour, sometimes with brown pigment
on one side of the “leaves” and frequently with quartz
pseudomorphoses. The most beautiful barite druses in the
Carpathian Mountains attain several dozen kg and some
samples from several metres large cavities attained the
size of ~ 60 x 60 cm; and they have become a boasts of
many museums and collections. Very aesthetic aggregates,
particularly polymetallic minerals like galenite, sphalerite,
pyrite and chalcopyrite, with several centimetres large
crystals associated into aesthetic druses. Historically,

very well known were particularly transparent, green
sphalerites with intensive lustre, mainly in the vicinity of
Stiavnic Bane. In particular, the extraction of silver ore is
famous. There are samples of rich silver ores of particular
historical value, even if their quality is below the level
of Saxonian, Czech, Mexican and other Latin-American
ones. The typical paragenesis of silver ore is represented
by stephanite, polybasite, pyrargyrite, acanthite and silver.
Of the varieties of quartz, the most represented in world
museums and private collections is the violet amethyst.
In Banskéa Stiavnica it must had been fairly common in
certain parts of the deposits during exploitation, as in larger
collections are dozens of amethysts from this site. The last
historic mineralogical specialty is quartz with very minor
haematite scales dispersed — cinopel. Situated within PLA
Stiavnické vrchy.

DO-03 Banska Stiavnica — Sobov — occurrence of unique
anatase and sceptre quartz. The site is known for incidence
of up to 20 cm large crystals of quartz, crystallising in the
caverns within the Sobov quartzite. The quartz crystals
were abundant, particularly at the top of the quarry. The
quartzes of Banska Stiavnica were already described by
Scopoli (1774), who reported about 90 varieties of quartz
differing in colour and shape. Very often sceptre quartz
occurred; however, the opposite form with thicker crystal
on the bottom, and the thinner one atop was also quite
abundant. Situated within PLA Stiavnické vrchy.

DO-04 Banské — occurrence of limnoquartzite. From
the mineralogical viewpoint, the limnosilicites are
made of opal, in particular. The microcrystalline silica
forms are rare. Brown colour comes from iron oxides is
silicites, which originate by degradation of the pyrite.
The pyrite occurs mostly in the framboidal form. The
most likely it originated as a product of the hydrothermal
alteration associated with the supply of SiO, gels, which
is confirmed by microtexture character of the silicite. The
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limnosilicites are characterized by relatively high hardness
and compactness. They were formed under the conditions
of proportion of silicic acid in sweet-water, probably at
relatively higher temperatures because they do not contain
any fossil. Thanks to the intense silicification, fair jointing
and appropriate and aesthetic colour balance they are
very suitable for ornamental purposes, in particular for
the production of smaller commemorative items, letter-
weights, ashtrays, etc.

DO-05 Brezina — occurrence of quartz (var. agate). Brezina
is a site with the most colourful agates in Slovakia. The
agates can be found on the fields. They are the products
of Miocene postvolcanic activity with the supply of silicic
acid into rhyolites. The size of the agates is about 15 cm.
The agates are less or not at all fissured and attain the
yellow, white, grey, blue-black, pink-violet, orange and
greenish colours. Light grey varieties predominate with
a very conspicuous banding. A very small part of the
agates has a central part of the cavity filled with white-
grey banded agate. Some of the zones in the agates and
chalcedonies have a strong greenish luminescence.

DO-06 Bysta — occurrence of quartz (var. chalcedony and
agate). The Bysta chalcedonies are the most beautiful in
our territory. In addition to the chalcedony at the site have
been described: barite, cristobalite forming tiny crystals;
dolomite, calcite forming locally the fill of the central part
of SiO, veins; quartz (sometimes forms a amethyst variety),
pyrite sometimes forming separate small veins and opal,
which precipitated in peripheral and internal zones of
SiO, veins. It is of a light colour with grey-brown shades.
Less frequently it occurs in the form of hyalite (water-
transparent) and milk opal (white). Zeolites forming up to
2 mm large crystals are represented by stilbite, epistilbite,
clinoptilolite, mordenite and heulandite. According to
chemical analyses, the SiO, crusts contain up to ~ 3% Fe
oxides (Fe*" and Fe*"). Currently there are known some 64
minerals from the Bysta site.

DO0-07 Cuéma — occurrence of rhodonite. Manganese
mineralisation is linked with pelitic black lydites
and phyllites of Holec strata in the Gemer zone. The
manganese mineralisation is made up of two lenses of
silicate-carbonatic nature, with a length of 50 — 100 m,
and the thickness of max. 4 m. The primary ore contained
30 — 38% of MnO and 6% of FeO. The ores over 15%
Mn were exploited; they had been processed in blast
furnaces in Ozd in Hungary. The manganese ore had been
extracted here for the last time during the World War II
(1939 — 1944). On the basis of mineralogical research 3
mineral associations were identified: 1. metamorphic, 2.
hydrothermal, 3. supergenic. The views on the genesis
vary, but the prevailing opinion is the polystage nature of
ore mineralization.

DO-08 Divina— historic occurrence of meteorite. Meteorite
fell on July 24, 1837 in the village of Divina, approximately
73 m of the Church in the village, on the south-west slope
of Javornik. The Divina Pastor, Stefan Zavodnik recorded
this event as follows: “Divina was excited by special event
of July 24, 1837. On this day about a half hour before

lunch, the Sun eclipsed and in the 50-degree angle in a
distance of 40 fathoms from the Church in the direction of
the upper end of the village roaring meteor fell, weighing
some 19 Viennese pounds... “. Countess Csakyova Lud-
mila, neé LaSanskd, took the meteorite to her Castle in
Budatin. From here it was donated to the National Museum
in Budapest in 1838, where the dominant part has been
deposited till today. The original size of the meteorite was
24 x 23 x 13 cm and it had a mass of 10.75 kg. According
to historical data, the impact penetrated some 70 cm deep
into the soil, and approximately for half an hour after the
impact it was still warm. Its advanced research has not been
done so far. According to the classification of meteorites it
is an olivine-bronzite chondrite (HS). Its mineral content
is as follows: group of olivine and pyroxene minerals,
nickel iron, and pyrrhotite. Its smaller pieces are stored
in museums in Vienna, Paris, Tiibingen, Vatican City and
Chicago.

DO-09 Dobsina I — occurrence of extraordinary minerals
in serpentinite — quartz (agate), andradite (demantoid),
ortochryzotile (asbestos). At its time the largest deposit
Ni-Co ores in Europe; the main object of exploitation was
gersdorffite. The gersdorffite is a sulphoarsenide of nickel,
especially (less Co and Fe) and Dobsina is its classic site.
From Dobsina it has been described under different names
such as amoibite, plessite, wodankies and especially
dobschauite. The majority occurrences are of massive
or fine-grained structure. It weathers often into green
secondary nickel mineral annabergite. Erythrite is the
second typical Ni-Co mineral in Dobsind. Often, it forms
powdered pink coatings on ore samples. Rarer forms are
pink-red, sheaf-like and radial spherical aggregates of a
few mm size. The samples of erythrite from Dobsina we
can find in any major museum collection, in particular in
Europe and the USA.

DO-10 Dobsind II — occurrence of Ni-Co minerals
(skutterudite, gersdorffite, arsenopyrite). All minerals are
on the most famous and historically the most fundamental
deposit in Austrian-Hungarian Kingdom, in the Dobs$ina
site, where the asbestos (mineral chrysotile) started to be
exploited by the early 18" Century for the manufacture
of fireproof paper. The chrysotile creates smaller veins
in the serpentinized peridotite (serpentinite). The size of
individual fibres in the fibrous green-yellow up to grey-
brown shades with a characteristic silky covering reaches
3 cm. From a historical point of view, the most represented
in the old mineral and mineralogical collections and
museums besides erythrite was andradite. In the long
term view the andradite was the most attractive mineral
from the serpentinite quarry in Dobsina. It occurs in the
form of diamantoid and topasolith mixtures. It forms up
to 3 mm large crystals, mostly of grass-green colour with
glass sheen. It occurs together with magnetite, forsterite,
magnesiochromite, and other minerals. Among the major
findings from recent years we shall point out the finding of
agates in serpentinites.

DO-11 Dubnik — opal (var. precious), occurrence of Fe,
Mg and Al sulphates (copiapite, pickeringite, halotrichite,
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fibroferrite, alunogen). Opal is the most important
Carpathian gemstone. It is believed that the first opals
found in this area originated from Roman times. Up to
19" Century when much larger Australian deposits were
discovered the Dubnik opals had no other occurrence to
compare and they had been the nicest European gemstone.
The Dubnik precious opal is characterised by a very nice
colouration with the preponderant majority of blue and
green colours. The most valuable was the red colouration.
Precious opal occurs mostly in milk or a glass opal varieties,
sometimes in hydrophane. The hydrophane is the opal with
a unstable amount of water. These variable contents cause
the opals cracking and their depreciation. Unfortunately,
most of the Dubnik opals have at least from the part the
hydrophane properties. The precious opal occurs together
with other varieties of opal, with pyrite and antimonite. Its
intergrowths with the antimonite needles are unique across
the world. The most precious opal, which was found in
Dubnik, has dimensions of 13 x 7 x 7 cm and a weight of
594 g (2,970 ct). It was found probably around the year
1775 in the creek bed. It belongs among the most valuable
historical gems in the world. It is exposed is the Nature
Museum in Vienna. The largest Opal’s nest was found in
1889 in Viliam Gallery and was weighing around 200 kg.
In particular, it was formed by milk opal and precious opal
was in 3 layers up to 1.2 cm thick. The Hungarian National
Museum possess the largest collection of precious opals
from Dubnik — around 240,000 pieces of total weight
approximately 7.6 kg.

DO-12 Dubrava — type locality of scainiite and dadsonite.
Dubrava deposit is the most important mineralogical
deposit site of Sb. Two stages occur at the deposit
Dubrava: quartz-pyrite vein mineralization with scheelite
+ molybdenite and gold and the genetically younger
quartz-sulphides veins. Rarely in the veins of the first stage
Fe-dolomite, tetrahedrite, chalcostibite, bismuthinite,
tetradymite, bismuth and joséite-A, and other tellurides
were found. The main mineral at the deposit is stibnite,
forming the main fill of hydrothermal veins. Yet there
have been described 70 minerals on the deposit, including
Nb-Ta, Te, U, Cu and Sr minerals. The deposit is the
world-famous thanks to sulphosalts, in particular of lead
and antimony, with the most widely spread zinkenite.
Dubrava is a world scaiinite site, Pb-Sb oxosulphosalt,
which forms here macroscopic, grey felt-like or grained
aggregates. Rarely it makes up the dominant fill of smaller
veins. Yet nowhere in the world has been known such a
massive presence of this sulphosalt, forming in general
only isolated, mostly microscopic needles. Of the other
sulphosalts present here are for example tetrahedrite,
dadsonite, chalcostibite, andorite IV, bournonite, andorite
VI, tetradymite, joséite-A, heteromorphite, boulangerite,
jamesonite, fiiloppite, krupkaite, plagionite, robinsonite,
semseyite and tintinaite. Detailed and intensive
mineralogical study of Dubrava sulphosalts in the first
decade of this Century culminated in the description of the
mineral chovanite, named in honour of Martin Chovan,
Professor at the Faculty Natural Sciences of the Comenius
University in Bratislava.
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DO-13 Gelnica— (cotype) marrucciite. Marrucciite became
probably the mineral with the most laborious description
in the world (more than 40 years). Marrucciite forms the
majority of grainy aggregates, exceptionally up to 0.5 mm
long grey needles. It occurs in 2 mineral parageneses: 1. zin-
kenite-scainiite-chalcostibite-cinnabar and 2. bournonite-
boulangerite. In the surroundings of Gelnica at the spoil
heaps of the vein Krizova, in local part of Cechy, a
significant site of secondary copper minerals is located.
Detailed data have been published up to the beginning
of the 21% Century. The most significant is cornwallite,
which has the most beautiful and richest aggregates in
the Carpathian Mountains here. It is well developed with
shiny, intense dark-green crystal shapes. Table-shaped up
to 1 mm large crystals are grouped together into spherical
aggregates. Atacamite forms here up to 1 mm long, dark-
green, needle-shaped crystals, with a sole macroscopic
presence in the whole Carpathians. The other secondary
copper minerals are malachite, azurite, brochantite,
antlerite, cornubite, clinoclase, posnjakite and cuprite.

DO-14 Gemerska Poloma I — occurrence of axinite and
actinolite in Carpathians. Historically, the most famous and
classic site of axinite minerals in the Carpathian Mountains
is Gemerska Poloma. The axinite here forms brown, up
to 3 cm large crystals intergrowing with amphiboles.
According to the latest data, the crystals are formed of the
axinite-(Mn), mostly, but part of the analysis corresponds
to the axinite-(Fe). Together with the axinite-(Mn),/axinite-
(Fe) there is also an actinolite, forming the long-prismatic
of up to several cm long, dark-green crystals. The axinites
and actinolites occur in association with apatite, garnets,
magnetite, calcite, and other minerals, and are part of the
Alpine paragenesis related to igneous rocks.

DO-15 Gemerska Poloma II — historic locality of Cu-
minerals in Carpathians, occurrence of chrysocolla.
Gemerska Poloma is a classic site of a chrysocolla,
although in the collections the samples from Gemerska
Poloma are very rare. It occurs in the local part Sramky,
where the Cu-ore was exploited. It is dark-green and it
forms up to a few centimetres fills of metalliferous veins
with the characteristic collomorphic texture. It occurs
along with azurite, malachite, cuprite and other copper
minerals.

DO-16 Gemerska Ves—occurrence of world-famous fantom
calcites. The site (quarry) is an exceptional occurrence of
phantom variety calcite, which belongs among the most
beautiful, at least on the European continent. The calcite
forms mostly small veins in limestones, of white-pink to
the reddish colour, rarely forming in the karst cavities
single crystals whose size does not exceed 7 cm. In the
superficial parts of the quarry are these caverns brick-
red to grey-white clayey sludge aluminium filled in. The
calcite crystals are mostly well developed, idiomorphous,
in particular the smaller colourless crystals (up to 1 cm)
use to associate into to spherical aggregates. The calcites
from Gemerska Nova Ves are transparent, translucent and
opaque. The opacity causes an enormous concentration of
oxides of iron (£ Mn) in the calcite.
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DO-18 Hajnacka — Hajnacka is a classic site of corundum
var. sapphire in the Carpathians and the occurrence was
published already in 1899 by Szadeczky. The sapphire
is the only true gemstone, along with the precious opal,
in Slovakia. The sapphires are found primarily in sandy
sediments, forming the maar fill. The sapphires are
predominantly dark blue, but also pink-violet, grey, etc.
They are translucent, transparent, with glass sheen. Their
size is max 7 mm. The corundums contain inclusions of
zircon, monazite-(Ce), spinel, pyrrhotite, and rare and
euxenite-(Y) (?). A similar occurrence of the sapphires is
located in the neighbourhood of the near village Gortva.
Situated within PLA Cerova vrchovina.

DO-19 Herl'any — occurrence of brown opals. From the site
Herl’any very rare violet opals occurrence is known. The
opals are predominantly violet, yellow to brown in colour.
A specific feature is the banded texture. Along the joints in
opals the Fe-oxides use to precipitate and sometimes form
dendritic textures. For their violet-brown colour and fine
texture this variety was termed a fleshy opal. Similar opals
are unprecedented at least in Europe.

DO-20 Hnusta-Mutnik — Hnusta-Mutnik is the oldest
and largest exploited deposit of talc in Slovakia. The talc
from here has been utilised since the year 1870. Magnesite
started to e exploited later, after the establishment of rotary
kilns in 1909. With a few breaks its mining here along
with the talc is running till today. The site is an exceptional
due to occurrence of large pyrite crystals which reach up
to 20 cm. They form pentagonal dodecahedral shapes in
talc and are often distorted by the action of pressure or
typically rounded. They are found mainly in association
with chalcopyrite, pyrrhotite, arsenopyrite, sphalerite,
galenite, tetrahedrite and other sulphides. There are also
a number of sulphosalts (gustavite, cosalite, bismuthinite,
boulangerite, cobellite) and the minerals of Se and Te
(laitakarite, tsumoite, hessite, pilsenite, and tetradymite).
The site is notable by the fact that there was in 1973
described the mineral from the tourmaline group, uvite. At
that time it was the first occurrence of this mineral in CSSR
and one of the most notable occurrences of this mineral
in the world since 1989, with up to 3 cm large radial
aggregates in marble, composed of prismatic crystals.
Later, the modern mineralogical analytical methods found
out that this had been only calcium-rich dravite, containing
a large number of inclusions of different Ca-minerals
frequently (e.g., amphibole, pyroxene, titanite, apatite).
Besides the omnipresent white magnesite, we can find at
the deposit nice crystals of dolomite, clinochlore and Mg-
silicates (sepiolite, palygorskite, etc.). At the deposit there
have been described 65 minerals so far.

DO-21 Hodrusa-Hamre — occurrence of minerals Ag —
hodrusite, polybasite, and inesite. On this site for the first
time in the world a hodrusite was described — a sulphosalt
of copper and bismuth bearing the name of its finding.
So far, at the Hodrusa-Hamre site are the biggest and the
most beautiful aggregates needles of this mineral. The
hodrusite occurs here in several types. It forms a separate
up to 1.4 cm long, very thin needles in quartz cavities of

quartz, bronze-brown needles in hematite and often creates
bronze-brown fine grain aggregates composed mainly of
hodrusite and emplectite. It was found in the mine Rozalia,
which is also currently mined for gold. Another important
mineral, which was found here, is inesite. The inesite is
a pink silicate of manganese and calcium forming radial
aggregates composed of up to 1.7 cm long needles. It was
originally described in 1899 as a Mineral agnolite. Some
quarter of a Century later it was found that a Mineral is
identical to the previously described inesite. The inesite
in HodruSa-Hamre was very rare and has belonged to the
biggest jewels among the significant historical samples of
minerals. Hodrusa-Hamre, similarly to Banska Stiavnica
and Vyhne, is famous for Au-Ag ores mining with
dominance of Ag over Au. The most of the samples of
silver ore from the Banska Stiavnica region comes from
Hodruga-Hamre. Situated within PLA Stiavnické vrchy.

DO-22 Kamenec pod Vtacnikom — occurrence of opal
— hyalite, situated within PLA Ponitrie. The quarry at
Kamenec pod Vtacnikom is currently hosting the most
beautiful hyalites in Slovakia. It creates here wonderful
water-transparent sinter-like aggregates on the areas of
several tens of cm2. Unlike the other sites in Slovakia,
hyalite is typical of glass shine and sinter-like aggregates
are often around 8 mm thick.

DO-23 Klenovec — Klenovec is the most classic site of the
Alpine type veins in Slovakia. There occurs a paragenesis
of quartz, calcite, albite, orthoclase, clinochlore, rutile,
brookite, titanite, and other minerals. Klenovec is
also a classic site of orthoclase — adular, which forms
transparent up to 1.5 cm large opaque white crystals here,
which are locally dyed by clinochlore into the green. The
clinochlore here is creating the typical spherical, up to 0.5
cm large grey-green to dark-green aggregates composed
of fine flakes. Such a chlorite in the past was known as
a variety ripidolite. Another representative of the Alpine
veins type is dark blue anatas, forming the 2 mm large
crystals grown along joints of metamorphosed rocks. The
characteristic minerals of the whole area are large crystals
of morion (brown variety of quartz).

DO-24 Kociha — world occurrence of volborthite and
phosphates (vashegyite, evansite, koninckite). The site
is a location of aluminium phosphate, vashegyite in
particular. The vashegyite of white colour creates here the
massive fills of crevices several dozen cubic centimetres
in the volume. In addition evansite and allophane are
present, which form the sinter-like, translucent to opaque
aggregates of white, green, and blue colours. Sometimes
they are even colourless. According to the latest research
the allophane greatly predominates over the evansite.
Scarce copper polyvanadate — volborthite is here with
the only occurrence in Slovakia. It forms up to 1 mm
large sulphur-yellow sinters or leaf-like crystals, rarely
up to 8 mm large spherolitic aggregates on phosphates
or limonite. Similarly, an exceptional occurrence, so far
the only one on our territory, has a rare iron phosphate —
koninckite, with the white to slightly-pink, max. 5 mm
large aggregates grown predominantly on quartz.
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DO-25 Kopanice, Uskrtova dolina Valley — Ca-Mg skarn
— occurrence of augite-diopside (var. fassaite) and spinel
(var. pleonaste). From the historical-mineralogical point of
view the fassaite skarn in Hodrusa-Hamre (in the cadastre
of Kopanice) is the most significant skarn in Slovakia. In
the mid of the 19" Century there were discovered the large
crystals (up to 5 cm) of light- to grey-green augite, var.
fassaite, which constitutes the main component in skarn.
The second most abundant mineral is a black spinel — the
pleonaste — with octahedral up to 1.3 cm large crystals in
the augite cavities. Situated within PLA
Stiavnické vrchy.

DO-26 Kosice — meteorite. On February
28, 2010 there was observed the meteorite
impact near Kosice. So far, more than
80 pieces have been found. According
to provisional results, this is the HS5
chondrite and contains the main minerals
olivine, pyroxene, iron and troilite.

DO-27 Kremnica — Sturec — gold,
antimonite, epsomite and voltaite.
Kremnica is the most important ore
deposit of gold in Slovakia. Strips, leaves
and wires of gold form the moss-like
and shrubby aggregates in quartz. Rarer
forms are very tiny crystals. The gold
occurs in a variety of electrum, i.e. there
is a strong isomorphism between Au
< Ag. The samples of Kremnica gold
are among the most classic samples of
this mineral from Europe. Along with
gold very often is stibnite. Stibnite has dozens of sites in
Slovakia, but the richest druses crystallizing within the
cavities occurred in Kremnica. The Kremnica stibnite is
typical of frequent pseudomorphoses with chalcedony.
The interesting thing is that from the Kremnica deposit
very many minerals have been described (~ 111 minerals),
but except the quartz, pyrite, gypsum, gold, stibnite, barite,
dolomite, calcite, and on certain sections in the mine also
epsomite, the other minerals are very rare and similarly,
very rarely are also represented in the collections. These
minerals are minerals of silver (proustite, pyrargyrite,
polybasite, acantite), but also polymetallic minerals
(galenite, sphalerite, chalcopyrite), also arsenopyrite,
tetrahedrite, cinnabar. Secondary minerals are very
scarce (e.g., vivianite). In 1867 a mineral was described
here as “pettkoite”, but still in the same year Tschermak
concurred it with existing voltaite. The voltaite built here
black, up to 6 mm large tetragonal crystals. In Kremnica
thanks to a weathering of voluminous pyrite contained in
quartz a large quantity of sulphates evolved. One of the
largest crystals epsomite reaching up to 50 cm occur in
the mines. The epsomite forms white hairy, very aesthetic,
but also very fragile aggregates expanding on the walls of
underground corridors. Sometimes it occurs together with
a green melanterite and white hexahydrite. In recent times
there have been found in old mines rich aggregates of rare
secondary sulphate, klebelsbergite, which forms white to
yellow, up to 3 mm large radial, rose-shaped aggregates.
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DO-28 Lenartov — occurrence of historically important
meteorite, found in 1814 by shepherd. The total weight
of the original meteorite was 108 kg. According to
the classification of meteorites it falls between the
differentiated iron meteors.

DO-29 Lubietova-Podlipa, Sviatodusna — LCubictova ranks
among the most important copper deposits in Europe
(Fig. 1.26). In addition, Ag, Ni, Co and Fe ores were
mined here. Archaeological research shows that copper
in LCubietovd was exploited already in Bronze Age,

figure width ~ 3 cm (Photo D. Ozdin)
although the first written mention is from the year 1340.
Lubietova belonged among the 7 Upper Hungary mining
towns. The biggest boom of mining here was in 15" and
16" centuries and lasted for almost 200 years. Later, the
mining declined, and in 1863 the exploitation terminated
and only prospecting continued. According to published
data within 500 years of exploitation at the deposit Podlipa
the output amounted to about 25,000 t of copper. On the
other 2 deposits Svitodusna and Kolba, the exploitation
stopped by the mid of the19" Century. However, at these
two deposits the Ni-Co and silver ores were mined.

DO-30 Lubietova — Tri Vody — At the site iron ore is
historically very well known. In the cavities of iron
hydroxides are very distinctive and particular aesthetic
of dripstone-like aggregates of white-grey to shark
chalcedony. The fill of these max. 15 cm large cavities
forms besides the chalcedony to brown, orange, grey, or
white opal, sometimes hyalite and fine-crystalline quartz.
The site was well known in the former Austria-Hungary,
with written references at least since 1817, when the “small
caverns forming chalcedony” in limonite noticed already
A. Zipser. Similar occurrences are also on the other side of
the Hill of Hrbno, Jame$na, and in nearby Poniky.

DO-31 Vysna Sebastova — the quarry Maglovec in
Vysna Sebastova belongs to the most attractive from the
mineralogical point of view in Slovakia. There occur here
both aesthetically and scientifically exceptional samples
of very interesting minerals. One of these minerals is
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chabazite-Ca, which form up to 5 cm big, grey and grey-
green crystals in association with calcite, palygorskite and
dolomite. The second significant mineral is relatively rare
danburite, quite rare boronsilicale with up to 5 cm long
prismatic crystals with glassy sheen. This predominantly
white mineral creates radial and rose-shaped aggregates
on xenoliths in andesites. It occurs here along with the
dadolite, which was known only from Maglovec and
Fintice. The danburite has so far the only site in Slovakia
and one of two known in the Carpathians. Its crystals are
remarkable from a pan-European perspective.

DO-32 Magurka — Magurka is historic classic gold site in
Central Europe. Unlike gold ore veins originating from
Tertiary volcanic activity, the Magurka gold lodes are
bound to Palacozoic granitoid rocks. The gold appears
in the form of up to 1 c¢cm large leaves, wires, lumps, and
foils grown on quartz or antimonite. The gold occurs in the
paragenesis with antimonite, tetrahedrite, galenite, pyrite
and chalcopyrite. The most recent finding from Magura
ore veins is the discovery of a mineral chovanite. It is the
sulphosalt of antimony and lead, and was described in the
form of needles of microscopic sizes at Malé Zelezné and
Kracianka. Situated within buffer zone of the NAPANT
NP.

DO-33 Mlynky — despite the fact that Slovakia has a large
number of sites with an abundance of ankerite, Mlynky
Village is its classic site. The ankerite here forms the
main fill of hydrothermal ore veins. There are known 4
generations. Usually it is white, light yellow to pale-
brown and characteristic are its rhombohedral crystals
crystallising into cavities, in particular, together with
quartz. It occurs in association with rutile, tourmaline,
barite, siderite, hematite group of minerals (var.
specularite) and sulphides. Among the sulphides present
are bornite, enargite, tennantite, pyrite, chalcopyrite and
galenite, tetrahedrite. In addition to the ankerite the classic
site has the sulphide of arsenic — enargite (Cu,AsS,), which
forms up to 0.5 cm long crystals grouped into lens-like and
stem-like aggregates in cellular ankerite aggregates. It is of
steel-grey colour with blue-violet shading.

DO-34 Moravany nad Vahom — Striebornica — occurrence
of beryl, gahnite, albite var. clevelandite, muscovite and
columbite-tantalite. The Striebornica site is the largest,
scientifically best explored and most differentiated Slovak
pegmatite. There was found here so far, the biggest
Slovak beryl, whose base measured 15 cm. Similarly,
there are also present dark-green to 4 mm large crystals
of gahnite. The pegmatite is approximately 8 m thick
and is situated in the biotitic to two-mica granodiorites,
Carboniferous in age. The main pegmatite minerals are,
however, quartz, feldspars (microcline, albite + var.
cleavelandite), and muscovite, creating very aesthetic
crystals and aggregates in quartz. In addition to the
beryl and gahnite among the accessory minerals here
were described garnets (almandine to spessartine),
ferrocolumbite, ferrotantalite, manganocolumbite, zircon,
manganotantalite, ferrotapiolite, pyrochlore, bertrandite,
fersmite, minerals of uraninite monazite-(Ce), xenotime-
(s), apatite, tourmaline, pyrite and sphalerite.

DO-35 Muranska Dlhda Luka — the site is notable for
the occurrence of very aesthetic green talc and long-
prismatic crystal amphiboles. These minerals occur in
metamorphosed ultrabasic bodies of garnet-bearing mica-
schists complex (mica-schists of the type Breziny) and
biotitic mica-schists gneisses and migmatites of the Kohut
zone of Veporicum. The base rock of the ultrabasic body is
antigoritic serpentinite. Towards the tectonitized zones in
serpentinite the presence of tremolite, talc, clinochlore, and
other minerals is increasing at the expense of antigorite.
The body of the serpentinite has a length of 150 — 250 m
and maximum thickness of 50 m. The emergence of the talc
and other minerals is related to the hydrothermal processes
enriched in CO, during the regional metamorphosis of the
complex. The most abundant mineral is actinolite which
creates up to 10 cm long, dark-green prismatic crystals.
Very frequent is also light-brown-green tremolite, forming
several centimetre columnar crystals. The characteristic
large petal-like talc consists of up to 20 cm thick veins in
particular on the outskirts of the serpentinite of the body.
Among the chlorites clinochlore forms dark-green leaf-
like crystals associated with actinolite, tremolite, talc and
antophyllite. In addition to the above mentioned minerals
here were described antigorite, antophyllite, biotite,
muscovite, serpentine, magnetite, goethite var. fuchsite,
ilmenite, chromite, magnesite, and among the sulphidic
minerals have been identified heazlewoodite, chalcopyrite,
pyrrhotite, pentlandite, pyrite and violarite. Situated within
buffer zone of the Muranska planina NP.

DO-35a Nizna Slana — Nizna Slana is a locality of Pb-Sb
sulphosalts, in particular, at least of European importance.
There occur here a paragenesis of sulphides and
sulphosalts, which, unlike at the most other sites exist in
the macroscopic crystal form. Boulangerite is in the form
hairy-like aggregates consisting of needles up to 5 cm large,
crystallizing into the cavities. They are the largest spatial
aggregates of this mineral in the Carpathians. Similarly,
a jamesonite constitutes here up to 5 cm long needles.
The most beautiful and often times the biggest crystals
had also bournonite (crystals of up to 3 cm) and millerite.
For example, geokronite found here its second presence
in the former CSSR (described by Varéek, 1965). There
occurs here also varied paragenesis of nickel minerals
such as gersdorffite, violarite, siegenite, ullmannite, etc.
Nizna Sland is historically very well known by Hg ores
extraction. From this paragenesis here were described
cinnabar, up to 4 mm large droplets of mercury, amalgams
of Hg (schachnerite?), and metacinnabar. In the Nizna
Sland oxidation zone there were found very rich aggregates
of evansite, belonging to the most beautiful in Europe.

DO-36 Nova Baia — in 1874, at the time of its discovery
the pharmacosiderite from Nova Batnia was only the third
occurrence of this mineral in Europe (fourth in the world).
Great importance was, moreover, that this was also the
first appearance in Austria-Hungary, because it built up
very nice, up to 4 mm long, dark-green hexahedral and
octahedral crystals. Because of its quality (large crystals,
often with a light sheen along the joints of decomposed
andesite) it quickly spread to the majority of leading
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European collections, in which it has to this day, the
honourable place and great historical value. The latest
study found that it occurs in particular paragenesis with
scorodite.

DO-37 Novoveska Huta — the site is notable for the
occurrence of secondary copper minerals, in particular of
tyrolite, which creates one of the most beautiful aggregates
here. The tyrolite occurs in rock joints in the form of fan-
shaped or radial green aggregates with pearl sheen. The
size of individual flakes of the tyrolite reaches up to 2 cm.
It occurs together with olivenite, clinoclase, strasimirite,
cornwallite, chalcophyllite and other secondary copper
minerals. The most important and probably the best
known site of cornwallite in Slovakia is the spoil heap of
the Bartolomej Gallery. The pale-green strasimirite finds
its world site here, probably the second one in the world.
The largest and most beautiful aggregates of the tyrolite
remained at the settlement Vojtechova. At the soil heap
of the Peter and Pavol Adit there is probably the most
significant occurrence of chrysocole in Slovakia. This
dark-green to blue-green silicate has a large number of
colourful varieties.

DO-39 Bratislava — NL Résslerov lom (quarry) — pegma-
tites in the Rdossler Quarry are a typical representative
of granite pegmatite in the Western Carpathians. In
Bratislava and its vicinity there is the largest concentration
of pegmatites in Slovakia and the best evolved are the
pegmatites in the Rossler Quarry. In the pegmatite mine are
very rare grey quartz crystals, also the largest Carpathian
annites (dark mica, biotite), reaching a length of up to 40 cm.
There occur up to several cm large crystals of muscovite,
garnets, and in particular feldspars. Lately there have been
discovered macroscopic beryl and microscopic phenacite
and bertrandite. From this quarry described professor
Kenngott in 1853 a new mineral — eucamptite, at that time
the only type of mineral from western part of Slovakia.
Later it was found that this was chloritized biotite. Unlike
the annite, which is black, the eucamptite is dark-green or
green-black. In addition to the above mentioned minerals
in pegmatites are also accessory minerals, for example
zircon, apatite, monazite-(Ce), allanite-(Ce) and iron
tourmaline (?).

DO-40 Oravska Magura — occurrence of meteorite
discovered in 1840. A large number of meteorites were
found on the surface in the vicinity of Slanickd Osada in
the years 1830 — 1840. The official date of the discovery
was 1840. Originally, the fragments of the iron ore” were
processed to various commercial items (hoes, shovels, etc.),
until Haidinger noticed (1844) their extraterrestrial origin.
So far, there have been preserved in the museums about
150 kg of Magura meteorite. According to the classification
of meteorites it is the iron meteorite (octahedrite) of the
IAB-MG group. For the first time in the world there were
described from this meteorite 2 new minerals iron and
nickel carbide — cohenite and schreibersite — iron and
nickel phosphides. Both are quite abundant minerals of
iron meteorites. Later they were described the diamonds in
the Magura meteorite. Yet this is the only occurrence of this
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mineral in Slovakia. The meteorite is made up of mainly
iron (= kamacite), tenite, less troilite, enstatite, chromite,
graphite and rarely lawrencite and other minerals. Quite
exceptional is the occurrence of secondary iron-phosphate
vivianite. Sometimes the iron and nickel minerals form
characteristic Widmanstitten's images.

DO-42 Pernek — Kriznica — occurrence of schafarzikite
and brandholzite. Sb-deposit Pernek is so far the only
mineralogical site in West Slovakia, where it was described
the type mineral. In 1921 Krenner discovered here Fe-
Sb oxide schafarzikite. The schafarzikite forms mostly
very small brownish black or short-prismatic crystals or
sun-shaped aggregates in association with kermesite,
antimonite, sénarmontite and valentinite. Since the first
description, for more than 80 years, no other occurrence
was known from the site and only in 2002 and in later
years the mineralogists have managed to find a sufficient
number of samples for a detailed mineralogical research.
During the research there was identified a very rare Mg-Sb
oxide brandholzite. After the type site, it was the second
appearance in the world. In Pernek there are 2 types of
brandholzite. The majority type forms very small grey
crystals with hexagonal habit. Very rare are table-shaped
isolated transparent crystals up to 2 mm in size. The
brandholzite occurs in association with sulphur compounds
sénarmontite, anhydrite, aragonite and minerals from the
pyrochlore group. Situated within PLA Malé Karpaty.

DO-43 Pezinok — Kolarsky vrch Hill — Sb minerals — One
of the most important sites of kermesite in the world is
Pezinok. For decades, the most beautiful and largest
samples of this mineral were found here. The kermesite
here creates very aesthetic radial aggregates or sun-shaped
aggregates of red wine colour on joints. The needles of
kermesite achieve the maximum length of 12 cm. Valentinite
aggregates are one of the most beautiful in Europe. They
occur in the form of white-grey sun-shaped aggregates,
which reach the size up to 4 cm. It occurs together with
gudmundite, antimonite, kermesite. Chapmanite occurs
in the form of grey-green to yellow-green powdered
aggregates in the joints of rocks and ore veins. At the time
of the discovery, it was one of the first sites of this mineral
in the world and yet is the only site in the Carpathians.
From Pezinok, the mineral schwertmannite was also first
described in Slovakia, which is a component of ferrous
ochres. Situated within PLA Malé Karpaty.

DO-44 Pezinok — Rybnicek — occurrence of goldmanite.
Pezinok-Rybnicek is a world site of goldmanite. The
goldmanite is a cubic mineral from the group of garnet,
containing vanadium. It forms maximum 3 mm large
crystals and aggregates up to 0.5 cm. usually it is
dark-green, some smaller aggregates are grass-green.
Excellence of the Pezinok goldmanite lies also in its
chemical composition, which is unique. It contains a high
quantity of Cr and is the only occurrence of this variety in
the world (var. goldmanite-Cr). In recent years, there were
discovered at the site Rybnic¢ek two important occurrences
of minerals of the epidote group. They occur only in the
microscopic form, in association with other silicates.
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Dissakisite-(La) from here has its second and muchinite its
third site in the world. Situated within PLA Malé Karpaty.

DO-45 PodreCany — occurrence of aragonite. At the
magnesite deposit Podrecany the exploitation was
initiated in 1952. The deposit is mineralogically very
poor; however, there have been found here one of the most
beautiful and most valuable crystal druses of aragonite in
the world. Here are the prismatic aragonite white crystals,
transparent to translucent, with glass sheen. The crystals,
measuring up to 38 cm fill up the cavities in the limonite
ochre in magnesite and dolomite. The crystals are often
grouped into very aesthetic rose-like aggregates. Despite
the fact that the aragonites of Podrecany are known for
only a few decades, they have become a jewel of many
museums and private collections.

DO-46 Poruba pod Vihorlatom — occurrence of telurides
(teluronevskite, vihorlatite). Situated within PLA Vihorlat.
Teluronevskite and vihorlatite are type-minerals and were
first described from the metasomatic bodies with Bi-Te-Se
mineralization in Poruba pod Vihorlatom. Both minerals
are dark grey to black and form fine-grained aggregates
and petal-shaped crystals. Their size exceeds 0.5 cm.
According to the latest scientific results the two minerals
cannot be distinguished macroscopically, similarly to
additional telurides-Bi occurring widely at this site.

DO-47 Povraznik — occurrence of wood opal. In the
broader surroundings of Cubietova on the northern slopes
of Polana for at least 200 years occurrences of woody
opals are already known. The most characteristic site of
the last decades is Povraznik. There are quite abundant,
especially on fields and meadows. The collectors often dig
out them from depths of up to 4 m. The opalized stems
of trees reach several ms in length. In addition, there are
the typical wood opals of orange, white, greyscale, brown
and black colours. Green opals are rare. Some stems of
trees tend to be pretty much the only silicified with a little
amount of opal. From the more transparent parts of orange
woody opals cabochons are produced, which are quite rare
nowadays for wooden opals. The wooden opals of orange
colour from the wider surroundings of Cubietova belong to
the classical sites of this mineral in Europe.

DO-50 Revuca — occurrence of rutile and quartz (var.
smoky quartz). Revuca and its surroundings are the
world-known occurrence of rutile. According to literary
sources the type site of rutile is Revica, however with
its designation it is very difficult, because at the turn of
the 18" and 19* Century numerous mineralogists paid a
visit to this site and from this mineral titanium was later
isolated as the new element in the periodic table, Since
the rutile have never been in greater amounts, its surface
occurrences were quickly worked out. The rutile forms
prismatic brown-red crystals, with vertical grooves, in
quartz or mica-schists. The name of rutile was introduced
several tens of years after the discovery of rutile in Revuca,
from where it was known as ‘basalt ruby’.

DO-51 Roznava — occurrence of siderite, albite, bourno-
nite, malachite, azurite, barite var. wolnyne. From a
historical point barite — wolnyne variety belongs to

mineralogical specialties in Slovakia. Although this is
“only” a variety. For approximately 100 years it drew
the attention of leading European mineralogists and is
represented in all major European museums. The classic
site of wolnyne in Slovakia is the gossan ore Maria-
Alojzia, at the deposit Maria-bana. This site was in the
past often referred to as “Betlér” (= Betliar), but the veins
are in the cadastre of Roznava, recently. The wolnyne here
is transparent to translucent, colourless, glossy and often
heavily grooved, of pale-brown, red-wine, and yellow or
bluish crystals, which are typically of thin-table-shaped,
short-columnar or columnar habit. The wolnyne has a great
variability of crystal shapes and 28 of them were described
here. The second classical mineral of Roznava is albite,
which has the max. 3 cm large, very aesthetic, colourless
to white crystals with glass sheen, grown on siderite. It
is part of the Alpine paragenesis at the deposit similar to
apatite and rutile.

DO-52 Rudnany — occurrence of cinnabarite, barite,
arsenopyrite, siderite, mercury. In the mid-19* century
in Rudnany the Hg ores started to be exploited. Rudnany
belong to the largest siderite deposit in Europe. The main
ore is siderite, which was the subject of mining; Cu-ore
and barite were mined, as well. The site is little known
in the world. There are several veins of kilometre lengths
and minerals of large dimensions. For example, there were
described here the largest barite crystals in the Carpathians,
which amounted to 1 m. The site is also known for the
largest cinnabar crystals in the Carpathians, which attained
6 mm. Similarly the drops of mercury were close to 1 cm
within the siderite-cinnabar ores. Large and aesthetically
interesting crystals were formed by quartz (rarely in
sceptre-like habitus), siderite, ankerite, arsenopyrite, etc.

DO-53 Rumanova — occurrence of meteorite, ordinary
chondrite of the type HS, found in 1994. The only piece of
the meteorite was found in August in the year 1994 NNW
of Rumanova and had a mass of 4.3 kg and size 18.5 x 14-0
x 12.5 cm. It is intense weathered in the iron oxide and its
density is 3.53 g/cm’. The meteorite is classified among
the ordinary chondrites of the type HS5, the degree of
weathering and metamorphoses W2 and S3, respectively.
The age of the meteorite was determined to approximately
4.3 billion years and it impacted the ground about 12,000
years ago. Among the minerals there have been described,
in particular iron (kamacite), pyroxene, magnetite, troilite,
olivines, tenite, chlorapatite and whitlockite.

DO-54 Smolnik — secondary minerals (szomolnokite,
kornelite, rhomboclase). Smolnik is an exceptional site in
Slovakia, because there have been described up to three
new minerals. All three are secondary sulphates of iron.
In the spoil heaps there are other iron sulphates as in the
mines. Therefore, the samples of these sulphates have
been merely preserved. Their rare occurrence in the mines
was probably influenced by frequent fires, and maybe
by high temperature arising from the decomposition of
pyrite (~ 50 °C). Kornelite consisted of pale-red to purple
spherical aggregates of radial organised needles and
fibres of silk lustre. Rhomboclase occur in the form of
white and transparent flakes. Szomolnokite, named after



1. Information System of Important Geosites in the Slovak Republic

the locality (Hungarian name of Smolnik, Szomolnok)
forms bright yellow blankets, consisting of small needles.
The Hungarian National Museum holds kornelite in its
collections.

DO-55 Stara Kremnic¢ka — JelSovy potok — occurrence
of limnoquartzite. Limnosilicites in the vicinity of Stara
Kremnicka are historically best known occurrence of such
mineraloids in Slovakia. Already in prehistoric times they
were used for the production of various cutting and fissile
tools, later in the Medieval Ages for the production of
mill stones. Their emergence is linked with the Tertiary
volcanic activity and its products — SiO, solutions. The
limnosilicites often contain various organogenic residues,
such as different algae, freshwater gastropods, and
molluscs. The limnosilicites have a variety of colours
(red, white, black, grey, bluish, etc) and contain more than
98.5% SiO,. They are made up primarily of quartz, but
also of chalcedony and opal-CT.

DO-56 Spania Dolina — occurrence of devilline, aragonite
and celestite. Spania Dolina belongs to the historically most
important copper deposits at least in Europe. The mining of
copper started here already in the younger Stone Age. For
many centuries copper sulphides were extracted (minerals
of tetrahedrite and chalcopyrite) and cementation copper.
The most famous mineral was devilline. The devilline
was described as a new mineral by Brezina in 1879, and
was named after the German name of Spania Dolina
(Herrengrund) herrengrundite. Later it was found that the
mineral is identical to the previously described devilline
of the English Cornwall. However, the best samples of
the mineral were in Spania Dolina, and are true jewels of
many leading science museums. A typical devilline from
Spania Dolina forms a blue-green table-shaped crystals
which are grouped into balls of about 1 cm in size. Such
balls are on the surface of deep green colour. Another very
important mineral is celestine, which forms up to 1.5 cm
large crystals of sky-blue colour on white calcite. Mostly
it is transparent with strong glass sheen. Its very aesthetic
samples belonged among the most beautiful in Europe in
the 19" Century. The third significant mineral is aragonite
which was already described by Haidinger in the year
1827. The aragonite forms columnar, pseudo-hexagonal,
white to yellow, up to 10 cm large crystals which are
grouped in very aesthetic aggregates. The largest druse of
aragonite, almost 6 m large, was found in 1840 and part of
it is exposed in the Natural Museum in Vienna and belongs
to the most beautiful samples of aragonite in Europe. From
gpania Dolina, there are so far known about 75 minerals,
in particular secondary minerals of Cu. The richest Slovak
sample of chalcophyllite (crystals into 0.5 cm) and azurite
and also one of the two most important sites of malachite
in Slovakia is/were from here. Situated within buffer zone
of the NAPANT NP.

DO-57 Tajov — occurrence of realgar and auripigment
(Fig. 1.27). Tajov is the most famous and historically
most significant occurrence of arsenic in Slovakia. The
arsenic was exploited here already in the Middle Ages.
Auripigment, the main and most important mineral at
the site was described in the year 1802. The auripigment

Fig. 1.27 Tajov, realgar (Photo M. Stevko)

forms golden yellow crystals (usually up to 3 mm) in the
joints of limestones and in Tajov its aggregates are the
largest and most beautiful in Slovakia. It is associated
with red realgar, which forms very aesthetic, max. 5
mm large prismatic crystals in calcite. Together with the
aforementioned minerals the site is known for occurrence
of arsenolite, which forms mostly very minor, white-
grey, skeletal, octahedral crystals. At the site cerussite
was described occurring in the form of up to 1 cm large
shrubby aggregates on calcite

DO-58 Varin — occurrence of natural asphalt, abandoned
dolomite quarry. Extraction of asphalt here ran in particular
in the first half of the 20" Century and for example, in 1929
the exploitation amounted to 1,783 t asphalt. The deposit
has the thickness of up to 45 m. Natural asphalt occurs
here mainly in Middle-Triassic dolomitic limestones and
the dolomites, but extends to the Palacogene (Lutetian)
sandstones. The asphalt is very clean, almost 100%.
The content of the asphalt deposit was max. 40%, with
an average of 6%. The asphalt probably originated from
polymerization of oil at low temperatures.

DO-59 Velké Borové — occurrence of meteorite, an
ordinary chondrite of group LS5, with recorded impact
on 1895. Meteorite of Vel'ké Borové is officially enlisted
as ‘“Nagy Borové” meteorite. It impacted the Earth on
9/5/1895. The details on this meteorite are quite modest and
the meteorite is little scientifically reviewed. According
the existing knowledge it is an ordinary chondrite of
group L5. It is composed mainly of olivine and pyroxenes,
feldspars, and its density is 3.37 g/cm?®. It was found only
in one piece, which, according to the sum of the masses
so far known samples of this meteorite in museums had
originally weighed 6.149 kg. Today, the largest part of the
meteorite is deposited in the collection of meteorites in
Vienna in Austria and has a mass of 5.88 kg and dimensions
20x13x13 cm.

DO-60 Viglasska Huta-Kalinka — Kalinka — occurrence of
hauerite and sulphur. Our most popular historical deposit
of sulphur, with the first exploitation work already in the
year 1810. In 1823 Zipser started to extract sulphur here.
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The site is the world occurrence of the mineral hauerite,
which forms here light grey to black, max. 2 cm large
crystals in association with sulphur, anhydrite and pyrite.
The hauerite forms usually octahedrons, less are smaller
planes of hexahedron. It occurs also in the form of radial,
spherical and granular aggregates. On the road from the
village to the site just behind the village is a small quarry
(on the left side). It is the site of the most beautiful and
largest crystals and aggregates of wavellite in Slovakia.
The wavellite forms here the light-yellow radial aggregates,
grouped into 4 mm large beads. Along with the wavellite
you can find here blue-violet dumortierite and up to 0.5 cm
large crystals of pyrite.

DO-61 Vysna Boca — Paurovskd — occurrence of Cu-
Pb-Bi sulphosalts and gold. In the years 1994 — 1996
mineralogical research was carried out on the spoil heaps
of siderite mineralisation in the neighbourhood of Vysna
Boca. At the Stara Paurovska Gallery there were discovered
relatively rare sulphosalts (gladite and krupkaite), but
also bismuthinite, occurring in a very nice up to several
cm large needle-shaped aggregates in grey-white quartz.
Previously, however, an article on sulphosalts from this
area was published, which described also other, more
rare Cu-Pb-Bi sulphosalts (e.g. friedrichite, lindstromite).
Whereas the heap is located by the main road, it was
quickly discovered by collectors and in a short time the
samples of sulphosalts have expanded rapidly between
private collectors in Slovakia, then in Bohemia and later
to the whole world. Situated within buffer zone of the
NAPANT NP.

DO-62 Zemplin — occurrence of ,,coral jasper. Zemplin is
one of the most famous sites of jasper in Slovakia. Unlike
other Slovak sites, especially in the broader surroundings
of Banska Stiavnica, where are located the most
monotonous wine-coloured, rarely dark-green jaspers, the
Zemplin jaspers are of much more colourful patterns. Most
of the jaspers are also red, brick-red or brown-red, but the
veins are intersected with tiny veins of chalcedony and
agate, which create a characteristic coral-like appearance.
Therefore, this variety is called coral jasper. Pieces of
jasper found on fields may attain a few kg and sometimes
have a banded structure. In the cavities in jasper quartzes
crystallized (var. crystal); rarely amethyst is present of
mostly brighter shades.

DO-63 Zeleznik — Al phosphates (evansite, vashegyite,
variscite) + pyrolusite. The deposit Zeleznik was exploited
already in Roman times. Mineralogically the site is world-
wide significant due to first descriptions of 2 minerals,
aluminium phosphates, evansite and vashegyite. It is
historically the most important site of phosphates-Al not
only in Slovakia but also in the Carpathian Mountains
and one the most important in the world. The evansite
forms usually white to bluish white sinter-like aggregates;
the vashegyite use to be compact. Both are components
of the oxidation zone of the deposit, where they occur
together with goethite, anhydrite, aragonite, variscite and
manganite. The latter two minerals mentioned find here
also their most important occurrence in Slovakia. All-in-all
at the deposit Zeleznik nearly 60 minerals were described.

DO-64 Zupkov — occurrence of tetradymite. Tetradymite
belongs to the oldest Slovak type minerals. Haidinger
was the first who described it in 1831. It was present in a
small gallery, from which it was exploited already in the
19" Century for commercial purposes. Then it followed to
many private collections. The Zupkov tetradymite forms
max. 5 mm large dark-grey crystals. At places it consists
of dark-grey leaf-like crystals with intense metallic sheen.
The tetradymite occurs within intensely silicified zone in
andesite associated with fluorapatite and bismuthium. The
tetradymite crystals use to be overgrown by yellow oxide
of tellurium — montanite.

DO-65 Bratislava — Okanikova ulica — amphibols (diorite
body). The site is an exceptional occurrence of diorite in
Slovakia. The diorite from “the Hill of Calvary” is noticed
in literary sources already in the early beginning of the
19" Century and thus belongs to the first described rocks
from our territory. Later it is mentioned also in the first
topographic-mineralogical guide to Hungarian Kingdom,
written as a groundbreaking work by Christian Andreas
Zipser in 1817. Even the descriptions of amphiboles from
this diorite are probably the oldest records of amphibole
from our territory. The porphyric diorite is predominantly
of dark green colour and is frequently intersected by thin
aplite veins. According to the latest data its Hercynian age
is basically consistent with the encompassing granitoid
rocks. The diorite matrix is made up of mainly fine-
grained pale albite, epidote minerals group and quartz.
The phenocrysts are made up of various minerals of
amphibole group, with dominance of Mg over Fe. Among
the accessory minerals present are allanite-(Ce), titanite,
apatite, zircon, and pyrite.

1.4.10 Geomorphological sites

The complexity of the geological structure of the

Western Carpathians is also reflected in the great variety
of geomorphological, hydrogeological and engineering
geological conditions. Many sites from the above-
mentioned “basic geological topics” (Fig. 1.28) are also
interesting from the point of view of “applied geological
sciences”; some of them in terms of geomorphology
(caves, travertine holes, erosive relief), hydrogeology
(springs, geyser, lake) or engineering geology in the first
place.
P-01 NNL Deménovské jaskyne caves* — the length is
8,126 m with elevation distance of 120 m (Fig. 1.29). The
lower oval, river-modelled passages of the cave represent
four horizontal development levels (Marble Riverbed,
Loamy Passage, Dry Passage, Ground Floor, Kral’s
Gallery). They are in places widened by collapses (Great
and Spouting Dome, Pink Hall, Hell Dome). Situated
within NAPANT NP.

P-02 NNL Belianska jaskyna Cave — the cave length is
3,640 m with elevation range of 160 m. The origin of the
cave was conditioned by stratification, less the tectonic
faults, along which the waters penetrated and flowed into
deeper parts of the underground. The primary caverns
were entirely filled with water, which except for corrosion
worked by slow pressure flow. Large cupolas and smaller
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Fig. 1.29 Jaskyna Slobody, Cave of Liberty, Carovné siene — Miraculous Halls (Photo P. Stanik)
Triassic pale Wetterstein limestones of the Silica Nappe.
Several cave walls are decorated by remarkable peas
formed flowstone protrusions. Situated within Slovensky
kras NP.

kettle hollows were modelled on the ceilings. Situated
within TANAP NP.

P-03 NNL Dobsinska 'adova jaskyna — Ice Cave* — the
Dobsinska Ice Cave belongs among the most important ice
caves in the world. Since 2000 it is inscribed on the world
heritage list. As compared with known high-mountain
ice caves Eisriesenwelt and Dachstein-Rieseneishohle
in Austrian Alps or with the Romanian Scarisoara Cave
in Bihor Mts., which has the glaciated part at elevations
of 1,100 to 1,120 m a.s.l., the monumental glaciation of
the Dobsinska Ice Cave persists for thousands of years at
elevations only 920 to 950 m. Situated within Slovensky
raj NP.

P-04 NNL Zvoniva jama* — karst abyss 100.5 m deep,
situated within Slovensky kras (Slovak Karst) NP. It is

located in the central part of
the PleSivska Plateau, called
Mesacna krajina (Moon Coun-
try), with a surface divided by
a number of dolines. Inside one
of them, there is the entrance
to the corrosion-collapse abyss
100.5 m deep. It is formed in
the Mesozoic Middle Triassic
pale Wetterstein limestones
of the Silica Nappe. Situated
within Slovensky kras NP.

P-05 Brazda — karst abyss with
the depth of 181 m, situated
within Slovensky kras (Slovak
Karst) NP. This corrosion
fissure abyss, with several
vertical steps or horizons is
formed in Mesozoic Middle

P-07 NNL Jaskyna Domica Cave* — Domica Cave is
connected with the Certova diera Cave — and together they
reach the length of 5,358 m, listed on the World Heritage
List since 1995. The cave is formed in the Middle Triassic
pale Wetterstein limestones of the Silica Nappe along the
tectonic faults by corrosive and erosive activities of Styx
and Domicky Brook and smaller underground tributaries
draining waters mainly from the non-karst part of the basin.
Horizontal oval passages with ceiling troughs dominate the
cave. The passages are in places widened into domes and
halls. The passage of Styx gains a character of underground
canyon with meanders. Situated within Slovensky kras NP.
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P-08 NNL Jaskyna Snezna diera (Snow Hole Cave)*.
Situated on the Horny vrch Plateau, westerly from the
upper part of the Zadielska Gorge. Typical, gravitationally
widened crevasse cave reaches the length of 100 m and
depth of 25 m. The cave has pea flowstone decoration in
some places. There are smaller dripstones and layers of ice
fill in the western part of the cave. The ice partially melts
in summer months, yet it persists all year round. Situated
within Slovensky kras NP.

P-09 NNL Silicka l'adnica jaskyna Cave* — the cave
is 1,100 m long and 110 m deep. The entrance of this
corrosive-collapse abyss is at elevation of 503 m a.s.l.
Breaking down the connection with lower parts formed
a close depressive space with cumulation of cold air and
formation of ice. It is the lowest lying classical ice cave up
to the 50° of the northern latitude temperate climatic zone.
Situated within Slovensky kras NP.

P-10 NNL Krasnohorska jaskyna Cave* — the total length
of the cave is 1,355 m. It is known mainly by the mighty
dripstone Kvapel' roziiavskych jaskyniarov reaching the
height of 32.6 m (among the largest in the world), as well
as by mysterious underground riverbed. The cave is opened
through an artificial adit with opening near the Buzgd
spring lying at 316 m a.s.1. Situated within Slovensky kras
NP.

P-11 NNL Hrusovska jaskyna Cave* — the cave discovered
in 1978. The spring cave is formed by underground stream in
the Mesozoic Middle Triassic pale Wetterstein Limestones
of the Silica Nappe in three developmental levels. The
cave consists of mainly river modelled passages, which are
in places widened into smaller halls and bigger collapse
domes. The cave is 780 m long. Situated within Slovensky
kras NP.

P-12 NNL Obrovska priepast’ (Immense Abyss)*. This
corrosive-fault abyss is 100 m deep. It is formed in the
Mesozoic Middle Triassic pale Wetterstein Limestones
of the Silica Nappe. The main shaft under the surface
depression widens in bottle shape downwards into an
underground dome. Situated within Slovensky kras NP.

P-13 NNL Jaskyna Sneznad diera (Snow Cave)* -
gravitationally widened crevasse cave with a length of
100 m and depth of 25 m. Typical, gravitationally widened
crevasse cave reaches the length of 100 m and depth of
25 m. The roof is closed by collapsed boulders. Situated
within Slovensky kras NP.

P-14 NNL Kunia priepast (Marten Abyss)* — the cave
reaches the length of 813 m and depth of 203 m. It is
formed in the Mesozoic Middle Triassic pale Wetterstein
Limestones of the Silica Nappe. The cave reaches the
length of 813 m and depth of 203 m. Situated within
Slovensky kras NP.

P-15 NNL Jaskyna Skalistého potoka (Stony Brook Cave)*
— The Skalisty potok Cave is the longest and deepest cave
of the Jasovska Plateau and whole Slovak Karst. It is the
most important discovery of speleodivers in Slovakia,
who have gradually overcome 22 water siphons. Situated
within Slovensky kras NP.

P-16 NNL Drienovskajaskyna Cave* —thelengthis 1,348 m
and vertical span 85 m. As much as 13 bat species were
recorded in the winter season here. It is a spring river cave
formed in the Mesozoic Midlle Triassic pale Wetterstein
Limestones of the Silica Nappe, somewhere also in breccia
or limestone conglomerates. The underground stream
flows through the lower parts of the cave forming lakes,
cascades and smaller waterfalls in some places. Situated
within Slovensky kras NP.

P-19 NL Vojtovsky pramen (Vojty Spring) — methane
emissions — mofette. Pramenn Vojty — spring Vojty — is
amofetta with a methane and hydrogen sulphide discharge.
This is quite rare phenomenon in the Western Carpathians —
generally the term mofette is related to a volcanic activity.

P-20 NL Rojkovska Travertinova kopa (Rojkov Travertine
Mound) - travertine mound and mofette. The spring
Rojkov — Lake is located on the southern outskirts of the
village, on the slope. The spring is also known as “Rojkov
Travertine Mound”. The water from the spring has created
a travertine mound with a crater of circular shape with
a diameter of about 10 m.

P-21 NL Besenovské travertiny (BesSenova Travertines)
— travertine mounds. BeSenova travertines represent the
abandoned quarry, located a few hundred metres north of
the village, but also several travertine cascade covering
the area of 3.18 hectares. Down the cascade run constantly
streams of mineral water, lending the stone cascades, loafs,
and terraces a wonderful living shine.

P-22 NNR Meandre Hrona — Hron River Meanders. The
site is a classic example of meandering river. The meanders
have low perpetually modelled banks by changing direction
of the stream flow. Many of the meanders are today turned
to oxbows without water, overgrown with vegetation.
Situated within the buffer zone of NAPANT NP.

P-27 Izra — lake dammed by rockslide. Izra is a lake in the
Slanské vrchy Mts., in the geomorphologic subunit Milic,
on the southeastern foot of Vel'ky Mili¢ (895.0 m a.s.l.).
The lake was formed by the landslide which dammed
one of the tributaries of Izra Brook — Mala Izra Creek.
Later on, this natural dam was reshaped which resulted in
enlargement of the lake area and its depth.

P-28 NNR Dolina Hlboc¢e Valley — karst forms situated
within within the PLA Malé Karpaty Mts. The Hlboca
Valley is located in the northern part of the Malé Karpaty
Mts., near the village Smolenice. The easternmost
block of the Vysoka nappe, which is separated by a NS
Jahodnik fault, has a less tectonically disturbed structure
and shows a higher degree of karstification. The Hlboca
Valley is a typical half-blind karst valley with the only
small waterfall in the mountain range (currently mostly
dried up). The steep slopes of the valley up to 100 m
high contain exposures of Jurassic crinoid limestones
(Lotharingian to Bathian), Bathian-Oxfordian shales and
silicates rich in radiolarians. Overlying Oxfordian micritic
limestones contain characteristic fiber microfacies. This is
followed by Czorsztyn Limestone, which is of the “Rosso
Ammonitico marneux” type and represents a shelf facies.
It contains the Kimeridgian microfossils of the Moluccana
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zone, the Lower Tithonian zones of the Malmica, Tithonica
and Pulla, the Middle Tithonian zones of Chitinoidella, as
well as the Upper Tithonian zones of Praetintinnopsella
and Crassicollaria (Michalik et al., 1990).

P-29 NNR Maninska uzina (Manin Gorge) — karst forms,
palacontology. In the epigenetic valley defile, we can
see the Mesozoic (Lower Jurassic to Lower Cretaceous)
sequences of the Manin Unit. Specific feature are numerous
kettleholes along the incision. Situated within Strazovské
vrchy PLA.

P-30 NR Kosteleckd tiesnava (Kostelec Gorge) — karst
and erosion forms. One of the biggest overhangs of the
Western Carpathians can be found in the Kostelec Gorge.
The pseudokarstic overhang is called “The Kostolec
Cathedral“ or also ”The Roof of Slovakia®“. Underneath
dominate majestic scree cones. Situated within Strazovské
vrchy PLA.

P-31 Chabenec — slope deformation of sackungen type,
NNR Skalka, NP NAPANT. The marked features of the
Chabenec Hill are several antislope scarps on the south-
eastern slope of the hill, parallel to the Lomnista Valley
(1,300 m a.s.1.). The Chabenec deformation is a compound
of the series of similar deformations developed between
the Chopok and Prasiva Hills (their distance is 25.2 km)
within the granitoid massifs forming the main ridge of the
Low Tatras Mts. Situated within NAPANT NP.

P-32 NNR Kvacianska dolina Valley — karst forms. The
Kvacéany Canyon belongs to the most beautiful and very
popular canyons in the Cho¢ské Vrchy Mts., together with
Prosiek Canyon nearby. Three little streams (Borovianka,
Hutianka a Raztocianka) are joining, creating Kvacianka
Brook with enough water for two watermills — the upper
one “Gajdosovsky” and the lower one “Brunciakovsky”.
Their technology is still functional. Nowadays Oblazy
belongs to Slovaks culture and technical monuments.

P-33 NNR Ohniste — natural window in Mesozoic
limestone. OhniSte is an important mountain massif made
of Gutenstein Limestone and Dolomite of Hronicum. The
top part of the hill — a karst plateau — is typical of numerous
abysses and sinkholes. Distinct feature are southern and
southwestern cliffs on the flank of the hill, reaching several
hundreds meters in length, separatefd from each other by
narrow benches. The hill is split into two peaks — below
the higher on is 125 m deep Velka 'adova priepast’ (Huge
Ice Abyss) and not far from the peak an opening in the
rock mass — Okno (Stone gate). There are two openings on
the surface. The upper one at 1,529 m, and the lower one
at elevation of 1,515 m above the sea. Ice coatings from
several cm to 15 — 20 cm are on the walls in the entrance
89 m deep abyss. Situated within NAPANT NP.

P-34 NL Sutovska epigenéza (Sutovo epigenesis) — river
erosion. It is an unique morphological form, two-fold
epigenetic incision of the River Vah and Sutovsky potok
Creek originating by the end of the Tertiary. The rock
environment is made of the Wetterstein Dolomite.

P-35 NNR Mlynicka dolina Valley — glacial morphology,
NP TANAP. Due to the closeness of the Strbské pleso

| 61

Lake, this 6 km long valley belongs among the most-
frequently visited, mainly owing to the Skok Waterfall in
its middle part. The Mlynicky potok stream flows through
the valley springing from the Nizné Kozie pleso tarn. It
represents a tributary of the Poprad River. The Solisko
Ridge, bordering the valley from the west, represents the
European divine between the Black Sea and the Baltic Sea.

P-36  NNR Mengusovska dolina Valley — glacial
morphology, NP TANAP. This extended glacial valley has
a triangular shape, which base “recumbends” on the main
Tatry ridge and the triangle peak targets south towards the
foothill. The valley terminates by several kettles — in the
eastern side there is the Zlomiska Valley with the smaller
valleys Dracia and Rumanova, being not accessible for the
tourists.

P-37 NL Travertiny na Luckach — travertine mounds
at the site Lucky. In the Spa Lucky, which is located
upon the Prosiek Fault dividing Chocské vrchy Mts. and
Liptovska kotlina Basin, several sources with temperature
of 17 — 33 °C surge out, with a total yield of about 30 1 s
During the water ascent to the surface, the changes occur
like reducing the pressure, cooling down, gas escape.
Therefore, the precipitation of calcium carbonate deposits
takes place at the surface with the additional influence
of plants and animals. The plant debris underwent
decomposition; however their casts remained, giving the
Lucky travertine its characteristic appearance.

P-44  Handlovsky zosun — Handlova landslide — the
most famous landslide in Slovakia, dated December
1960/May 1961. The momentum for systematic research
in slope deformations in the former Czechoslovakia was
reached by activation of catastrophic landslide in the town
of Handlova, which in 1960/1961 destroyed 150 housing
units, water pipeline, state road, electric line. The sliding
volumes equalled to 20 mil. m*.

P-45 Jazierske travertiny (Jazierce travertines) -
travertine and foamstone mounds. Right bank of the
Trlenska dolina Valley and the left bank ofthe Reviica Brook
are covered by the travertines (strongly recrystallized and
karstified), which were dated at the boundary between the
Middle and Late Pleistocene (Riss-Wiirm). The younger
Holocene to recent (current) calcareous deposits are the
foam sinters and they originated from the cold springs and
their flows. Situated within the buffer zone of Velka Fatra
NP.

P-47 PA Meandre Kamenistého potoka — Kamenisty potok
Creek Meanders. The Kamenisty potok Creek flows down
the picturesque 25 km long Kamenista dolina Valley. Its
upper stream is protected in the form of “Protected Areal” —
meandre Kamenistého potoka (meanders of the Kamenisty
potok Creek) reaching a length of 2.5 km. Situated within
Polana PLA.

P-48 NNR Vratna dolina Valley — debris flows, NP Mala
Fatra (Fig. 1.30). Huge debris flows on July 21, 2014,
triggered in the Vratna dolina Valley by a rainfall anomaly,
exceeding in volume 100,000 m®.
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Fig. 1.30 One of the two main debris flows in the Vratna dolina Valley (Photo
P, Lis¢dk)

1.4.11 Hydrogeological localities

Slovakia is very rich in springs of natural waters
(Fig. 1.31). The largest yields are usually bound to karst
springs (Malik et al., 2015), but the largest quantities of the
groundwater are located in the Danube Lowland, in it part
termed as Zitny ostrov (“Rye Island™).

In Slovakia, 1,782 natural mineral water sources have
been registered, some of them are utilised in balneology
(Bozikova & Bodis, 2016). The most important spas in
Slovakia are listed among the important hydrogeological
sites.

The most important waterfalls, protected as National
Nature Monuments, as well as natural lakes of Kkarst,
landslide and glacial origin are also included in the
database. Sites of specific character are some exploratory
boreholes or Turéek Water Pipeline.

Kys°®

HG-01 NNL Herl'any geyser — artificial geyser.
The geyser is one of the few cold-water geysers.
The geyser activity has been initialized thanks
to borings (1870 — 1875) aimed to capture the
water for balneology purposes. The borehole
was 404 m deep. The initial eruptions were large
(112 m), and later they stabilized at the current
level of 15 to 20 m, with inactivity intervals
gradually prolonged. Currently, the inactivity
period oscillates between 34 to 36 hours.

HG-02 NL Limbasska vyvieracka — (Limbach
estavella), situated within PLA Malé Karpaty
(Fig. 1.32). The relationship between ponor
and exsurgence was proven by two dye tests
in the 60’s of the last century, when the dye
(fluorescein) appeared in the exsurgence after 34
hours. The phenomenon can be described as an
“underground river piracy.”

HG-03 Vysné Ruzbachy — NL Travertinové
jazierko Krater (Travertine Lake Crater) — crater-shaped
lake in travertine. The travertines in Vy$né Ruzbachy
are complex morphological system of terraced mounds,
cascades, craters in the valley of Zalazne and Rieka brooks.
Numerous sources of mineral springs surge out along the
Subtatric fault.

HG-04 Siva brada (Spisské Podhradie) — NNR Siva brada
— surge of mineral water, former exploratory borehole.
Travertine mound of Siva brada is about 25 m thick and
it evolved by precipitation from mineral water. In the area
there are several surges of mineral water, some of them
create craters, some are captured as potable water sources.
From the borehole 135 m deep the water erupts at irregular
intervals due to gaslift — water drilling in the area enriched
in gas CO,, resulting in a lower density; it is squeezed out
suddenly by hydrostatic pressure of incoming water.
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Fig. 1.31 Distribution of the hydrogeological sites in the Slovak territory
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Fig. 1.32 Periodic Limbasska vyvieracka — Limbach Estavella 3 (Photo P. Lisc¢ak)

HG-05 Cigel'ka — mineral spring, Cigel’ka Spa. Cigel’ka is
high-mineralized natural healing water, carbonated water
with a chemical composition of type Na-HCO,“". It is used
in the excess amount of stomach acid, gastric and intestinal
catarrh, in dermatological diseases, in arteriosclerotic
states, diseases of lymphatic system, the upper respiratory
tract catarrh.

HG-06 NR Jezerské jazero — lake dammed by landslide,
situated within the buffer zone of Pieniny NP. The Jezersko
Lake area developed as one of the most extensive slope
deformations of the region “Jezersko — Bukovina” with
an area of several km2. It is a fossil landslide probably of
Pleistocene age with a very rough morphology. Estimated
depth of the slip surface is 10 m to 50 m.

HG-07 NNR Morské oko — lake dammed by rockslide,
situated within PL A Vihorlat. It is the biggest landslide lake
in Slovakia with an area of 13.84 hectares and maximum
depth of 25.1 m.

HG-08 NL Brankovsky vodopad — waterfall, situated
within Nizke Tatry NP. Nameless stream yielding about
3.0 L.s! overcomes the 55 m rocky step consisting of dark
grey limestone with poor-marly limestones with cherts of
the Lucivna Formation, Tatricum, Cretaceous in age. In
winter, the waterfall turns to impressive icefalls.

HG-09 NNL Lucansky vodopad — waterfall. The waterfall
is located in the village of Lticky, where the creek Teplianka
overcomes a morphological step with a relative height of
12 m (Fig. 1.33). From Lucky till Liptovska Tepla, to a
distance of about 4 km, the stream Teplianka forms foam
sinter cascades of Holocene age.

HG-10NL Starohutsky vodopad —waterfall. Itis of tectonic
origin. A nameless left side tributary of Starohutsky potok
Brook overcomes about 7 m high morphological step,
created by the tectonic shift of pyroxenic andesite blocks.

HG-11 NL Vodopad Bystré (waterfall of Bystry potok
Brook) — waterfall situated within PLA Polana. The
waterfall has a height of 23 m and evolved due to tectonic
disintegration and subsidence of the hypersthene andesite
lava flow.

0803 2009
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HG-12 NNL KTacky vodopad — waterfall,
situated within Vel'k4 Fatra NP. The waterfall
with its rapids and kettle holes documents the
development of the relief of the Mala Fatra
Mts. and fluvial erosion.

HG-13 NL Sutovsky vodopad — waterfall,
situated within Mala Fatra NP and within
NNR Sutovska dolina Valley. The highest
waterfall (38 m) in the Mala Fatra Mts. is
ranked among the most beautiful waterfalls
in Slovakia.

HG-14 NNR Strbské pleso — dead-ice lake,
situated within TANAP NP. It represents a
glacier mountain lake (tarn) of so called dead
ice lake origin. According to its area 19.76 ha
it is the second largest lake in Slovakian part
of the Vysoké Tatry Mts.

HG-15 Smradlavé jazero (Stinky Lake) —
karst lake, situated within the buffer zone
of Slovensky kras NP. It is a natural karst lake developed
in deluvial, clayey sediments on Wetterstein Limestones
of Silicicum. To-date the lake is extinct, with occasional
restoration of its periphery.

HG-16 Jastericie jazero (Lizard Lake) — karst lake, situated
within Slovensky kras NP. Genetically this karst lake
developed within a blind valley, at the contact of karstified
permeable Gutenstein limestones of Middle Triassic with
less permeable layers Szin Mb. of Early Triassic.

HG-17 Fararova jama (Friar Pit) — karst lake, situated
within Slovensky kras NP. Karst lake Fararova jama (Pap
verem in Hungarian) is located south of the village of
Silica, on the Silicka Plateau. The lake developed due to

=
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Fig. 1.33 Lucansky vodopad Waterfall in winter (Photo P. Stanik)
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clogging of the drain of the sink hole, leading to rapid rise
in water level by about 2 m within one to two years.

HG-18a NNR Prosiecka dolina Valley — ponor, situated
within TANAP NP.

HG-18b NNR Prosiecka dolina Valley — karst surge,
situated within TANAP NP. Prosiek exsurgence is located
on the left side of the Prosiek valley in the Cho¢ Mountains,
close to the gorge Vrata — the valley entrance.

HG-19 Prepadlé — ponor and surge, situated within PLA
Malé Karpaty. The water flows beneath the ridge of
Malé Karpaty Mts., from the catchment of Morava to the
catchment of Danube. The phenomenon can be described
as an “underground river piracy.”

HG-21 Liptovsky Jan—spa spring — travertine lake, situated
within the buffer zone of NAPANT NP. At the s. edge of
the village Liptovsky Jan, at the contact of the Liptovska
kotlina Basin with Low Tatras mountain range, there are
some 14 surges of low-temperature mineral waters. The
water surges out through Quaternary sediments along the
fault line of the west-east direction crossing the north-south
transversal faults; it originates in Triassic dolomites of the
Cho¢ nappe. Two water wells captured groundwater in the
dolomites at depths of 95 and 120 m. The waters are of Ca-
Mg-HCO,-SO, type, low mineralized, cold and very low
thermal, very poor to strongly carbonated, with a nitrogen
and hydrogen sulphide content. A total mineralization
ranges from 1.0 g.I'" to 3.8 g.I"", a temperature from 11 °C
to 29 °C, the CO, content from 0.1 g.I"' to 1.7 g.I'', H,S
content from 0, 7 g.I'! to 4.0 g.I''. It is used for drinking,
recreation and natural bathing in the travertine pond with
bubbling CO,.

HG-22 Oravska Polhora, Sland voda — spring of J-Br
highly-mineralized water. The sources of iodine-bromide
waters are situated in the northernmost part of Slovakia
near the village Oravska Polhora in Oravské Beskydy
Mountains. The water from mineral water wells and from
pits was used at local spas for treatment of respiratory,
thyroid, asthma diseases, joint diseases and skin diseases
and the production of iodinated salt. Situated within Horna
Orava PLA.

HG-24 Klatovské rameno — the biggest surge of
groundwater in Slovakia. Klatov Oxbow is a 25 km long
right tributary of the Maly Dunaj River. The spring surges
out behind the village Orechova Poton — Liky. The upper
section has not a continuous flow; it consists of a series of
small lakes.

HG-25 Pod Hradom v Murani — the biggest karst spring
in Slovakia. It is captured and used as the main source
of Muran group water supply of drinking water. It is the
spring with the highest documented yield of 8,872 1.s in
Slovakia. Situated within Muranska planina NP.

HG-26 Cierna vyvieracka (Black Estavella)* — karst
spring (adit of Gombasek Cave), situated within Slovensky
kras (Slovak Karst) NP, NNL Gombasecka jaskyna Cave.
Through the Cierna vyvieracka exsurgence in the autumn
of 1951 Gombasecka Cave was discovered, by reducing
the entry level of the exsurgence. The Cierny potok

underground stream drains Silica-Gombasek system of
the Ardovska partial hydrogeological structure of Silicka
planina Plateau.

HG-27 NR Bezodné—Marecek —Tanc¢ibok —tapped spring,
situated within PLA Malé Karpaty. Sources Bezedné,
Tancibok (Kozének) and Marecek are representatives of
barrier springs that drain Pernek groundwater reservoir of
the Zahorska nizina Lowland.

HG-28 Leziachov — tapped spring. Leziachov springs
system is one of the largest concentrated groundwater
surges in the Turcianska kotlina Basin. The importance
of this source of groundwater is highlighted by the fact
that Matej Bel (1723 — 1742) mentioned it in his Notitia
Hungariae Novae Historico Geographica: “... behind the
village surges a spring so rich and warm, that it could turn
the millstones both in the summer and in winter”.

HG-29 MojziSove pramene (Moses's springs) — springs,
situated within Mala Fatra NP and within NNR Sttovska
dolina Valley. MojziSove pramene (“Moses Springs”) are
sources that have an interesting way of surge from the
rock wall. The water from these springs supplies Stitovo
Waterfall. The name is according to the biblical story,
when Moses wandering in the wilderness hit the rock with
the stick and it spilled water subsequently.

HG-30 Lucecné — Belianska dolina Valley (Havranovo) —
tapped spring, situated within Vel'k4 Fatra NP and within
NNR Borisov. The water source is precipitated in form of
a foam sinter — tufa, which can be traced along the whole
length of the flow to the estuary.

HG-31 Necpaly — Lazce — tapped spring. Spring Lazce is
the karst spring with the biggest mean yield (558.02 L.s)
in Slovakia, min. 324.0 1.s and max 1,370 Ls"'. Situated
within Velka Fatra NP.

HG-32 Vysny Slavkov — tapped spring. Source Hlavny
in Velky Slavkov drains a hydrogeological structure
of the Lacnov syncline in the Branisko Mts. and serves
as an important source of drinking water supply for the
population.

HG-33 Oravice — Bobroveckd dolina Valley — tapped
spring. Source Oravice in the Bobrovecka dolina Valley
with an average yield of Q = 194.8 1.s! (Qmax = 306 l.s*!
and Qmin 103.8 1.s) recorded in the years 1988 to 2010
is the most important source dewatering hydrogeological
structure of Osobita. Situated within TANAP NP.

HG-34 Tisovec — tapped intermittent spring, situated
within the buffer zone of Murédnska planina NP. It is an
intermittent karst spring, one of two springs of this type
known in the Western Carpathians. Spring dewaters
(with other springs) Steinalm and Wetterstein limestones
(Middle Triassic) of Muran nappe of Silicicum of Tisovec
karst — the most western part of the Muranska planina Mts.
Spring discharge is in range from cca 2.0 up to 70.0 1.s™,
mean yield is 20.5 L.s" in periodic cycle about 45 minutes.
Water is flowing from three holes, from which only one
has permanent outflow with discharge 2—6 1.s™. From this
basic state the discharge quickly (6 min) rises up to the
maximum (cca 70.0 1.s") via succesive involvement of the
first and later the second periodic outflow.
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HG-38 Turcek water pipeline — an important technical
monument, which served as the water supply for mines
(mills, stamps, water pumping...). It is located in the
Kremnické vrchy Mts., and between Turcek and Kremnické
Bane municipalities. It served as the water supply for
mines (mills, stamps, water pumping...). It was built in the
15" Century (written documents), however it is assumed
that it could be operational as early as in the 14® Century.
The water was transferred from the catchment of the
Turiec River to the Hron River catchment. The water was
led around the hill with minimal slope, so as to maintain
the highest level of potential energy of water. The channel
was dug in the ground, reinforced with logs, bottom lined
with clay. Open sections were protected against pollution
and freezing by shingles and clay. After decline in mining
in the mid-19" Century it was used for supplying drinking
water for Kremnica and was an important source of water
for a railway Zvolen — Vrutky. Since 1894 there were
installed water turbines to generate electricity to power
mining machinery. In 1922 the first underground power
plant in Europe with three horizontal Pelton turbines
with a capacity for 430 kW was put into operation. The
entire water and energy system was rebuilt in the 30-ies
of the 20™ Century. There were built three levels of power
stations. The entire length of the system till the estuary in
the Hron River measures 34,405 meters and the vertical
difference is 587 m. The installed capacity of the whole
cascade is 3.46 MW and is used mainly as a source of high
energy for the city of Kremnica. The Turcekovsky water
supply has been declared a Cultural Monument.

HG-39 Havrania skala (Raven's Rock) — intermittent karst
spring, at the foot of the mountain massif of Havrania skala
(1,154 m) in the southwestern part of Slovensky raj NP. It
is worldwide uniqueness. The water from spring surges out
in irregular intervals. The yield oscillates around 35 1.s™,
the maximum value measured was up to 45 1.s". The surge
usually takes two to three hours in duration, at monophase
surge the maximum yield takes about one hour.

HG-40 Drienovec — tapped spring, situated within
Slovensky kras (Slovak Karst) NP and NR Palanta. Source
Drienovec with its average yield of 214.8 Ls! is one of
the most important sources of the KoSice water supply
group. Together with other sources (Teplica, Drienovecké
kupele, Hatiny, Helena, Bezodna studia, and others) it
drains Hacava-Jasov hydrogeological structure of the
Slovak Karst, built mainly of Middle and Early Triassic
Wetterstein, Waxenegg, Gutenstein and Dachstein
Limestones. Their karstification is heavily influenced by
tectonics. The water circulation of the spring Drienovec
involves two components. The first are the groundwaters
infiltrated at the Jasovska planina Plateau. The groundwater
flows to the surface through a system of fault lines, which
make a limit to the carbonate massif Jasovska planina
Plateau. The water rises to the surface in contact with less
permeable conglomerates and clayey-marly Tertiary rocks.
The second component is the groundwater from the fluvial
sediments of the Bodva River that in the space between
Jasov and Hatina enters the carbonate massif.
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HG-41 Turcianske Teplice Spa — Turcianske Teplice,
located in the southern part of the Turiec Basin at the
foothills of the Velka Fatra Mts. is the spa town and the
seat of the district. For several centuries, the spa has been
known here because of thermal mineral water springs.

HG-42 Bardejovské ktipele Spa—Mineral water in Bardejov
Spa is formed by mixing the mineral waters of chemical
type Na-HCO, of the Magura unit and Na-HCO,-Cl waters
with a high proportion of heavy isotopes of hydrogen and
oxygen from the unit Obidowa — Slopnice — Zboj.

HG-44 Piestany — kupele Spa — Piestany is the most
significant and best known spa in Slovakia. The warmest
natural surge of groundwater is known from here. The fine
sediment in the by-pass channel turns to curative mud as a
result of thermo-mineral waters infiltration and consequent
ripening of the mud.

1.5. Database processing

A considerable part of the sites was documented in
the field; we have to point out that some of the objects
of the primary database that were originally proposed,
no longer exist — they disappear (due to construction,
natural stands). An important part of the database was the
preparation of the popular educational texts on individual
sites. For each site, the resume was processed which was
translated into English. The texts were processed at the
level corresponding to the students of secondary school
education. Along with the field reconnaissance passports
to each site were being filled-in, both in written form
(Microsoft Word) and by the end of the solution also in
the form of an electronic database (Microsoft Access).
The passport was created on the basis of the model form
of the geological passport drawn up for the needs of
SGIDS electronic documentation diary in the Microsoft
Access. In the passport design and implementation of the
database helped with their skills Miroslav Antalik, (Patrik
Konecny), Kristina Lacenova and Ivan Dananaj. We have
received several suggestions from the professional and
amateur public; on the basis of these initiatives, we have
added some of the geosites in the database.

The database groundwork was retrieved from geological
guides through Slovakia, issued on the occasion of events
KBGA and IGC, as well as important monographs, for
example, Misik (1976). Furthermore, the selection of sites
was based on own erudition of the authors and relevant
literature study. In creation and loading of databases
feedback from and broad professional and laic geological
community contributed significantly.

In the scope of the project solution geological sites
of regional-geological, historical mining, mineralogical,
geomorphological and hydrogeological nature were
identified, all of them of utmost scientific (educational)
and aesthetical value with and potential to become and firm
component of the Slovak, even the European geological
heritage.

Each site is documented in the inventory sheet, which
was subsequently included in the MS Access database.
Along with the field reconnaissance the passports to each
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site were being filled-in, both in written form (Microsoft
Word) and by the end of the solution also in the form of an
electronic database (Microsoft Access). The passport was
created on the basis of the model form of the geological
passport drawn up for the needs of SGIDS electronic
documentation diary.

High-quality photo-documentation of the vast majority
of sites along with the geological sketches and pen
drawings by the Slovak volcanologist Vlastimil Kone¢ny
and the attached English summaries of each site, along
with the explanations to graphic documentation are the
values added of the database. Finally, the geosites were
divided according to their scientific significance and some
of them have been proposed for their further legislative
protection. All-in-all, 39 sites are of minor importance,
118 of the moderate one, 193 of the major one and 129 of
the extraordinary one have been identified, and 77 of them
proposed to launch a process of their enrolment in the List
of Protected Geosites or Protected Landmarks.

In the scope of the project Geological Information
System (GeolS) the database has been published on
the SGIDS website: https://www.geology.sk/maps-and-
data/mapovy-portal/educational-geology/important-
geological-sites/?lang=en in order to disseminate the
results among the public. The database is open for further
inputs and for modern presentation of the geological
heritage of the Slovak Republic.

1.6 Conclusions

The database of important geological sites provides
and review of the geological heritage of the Slovak
Republic. Generations of geologists active in our territory
since the times of Austrian-Hungarian Kingdom have
preserved highly scientific knowledge on the geological
phenomena of Slovakia. The fact that in the processing
and collecting of this information renowned specialists
from the top national geological institutes have taken part
is a guarantee of the well-balanced and justified selection
of the sites of the nation- and European-wide geological
heritage at the Slovak territory. We do not perceive the
database of significant geological sites as being concluded;
on the contrary, in the future, we count with its continuous
recharge so as to provide up-to-date information to the
general public, in particular in the sphere of education,
the protection of nature and the geotourism. For instance,
after catastrophic debris flows event of 2014 in the Vratna
dolina Valley, this exceptional geological phenomenon has
been included into the database.
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