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EXCURSION GUIDE
INTRODUCTION TO GEOLOGICAL EXCURSIONS A, B, C AND WINE-ROUTE
J. Vozár, R. Vojtko & Ľ. Sliva in co-operation with:
R. Aubrecht, I. Baráth, V. Bezák, A. Biely, K. Birkenmajer, D. Boorová, I. Broska, S. Buček, L. Dosztály, M. Elečko,
M. Eliáš, M. Fendek, W. Frank, J. Golonka, M. Havrila, J. Hók, D. Hovorka, Ľ. Hraško, J. Chowaniec, J. Ivanička,
J. Janočko, S. Józsa, M. Kaličiak, M. Kohút, V. Konečný, P. Kováč, M. Kováč, S. Kovács, M. Kováčik, J. Kráľ,
O. Krejčí, M. Krobicki, J. Lexa, Gy. Less, P. Liščák, J. Madarás, F. Marko, P. Martinec, J. Mello, M. Mišík, I. Mucha,
M. Ondrejka, N. Oszczypko, P. Pelikán, Cs. Péró, I. Petrík, D. Plašienka, M. Polák, D. Poprawa, S. Porębski,
M. Potfaj, M. Putiš, M. Rakús, P. Reichwalder, J. Schlögl, J. Soták, J. Spišiak, L. Švábenická, F. Teťák, P. Uher,
D. Vass, A. Vozárová, P. Wagner, K. Witek & W. Zuchiewicz

A Brief Review of Slovakia's Geological Structure
According to A. Biely et al. 1996, modified by
J. Vozár, V. Bezák, I. Broska, M. Elečko, M. Eliáš, M. Havrila, J. Hók, J. Ivanička, M. Kohút, V. Konečný, P. Kováč,
M. Kováč, Ma. Kováčik, J. Mello, D. Plašienka, M. Polák, M. Potfaj, P. Reichwalder, J. Soták, D. Vass
& A. Vozárová
The territory of the Slovak Republic is occupied by the West Carpathian Mountains of Alpine age and ridge structure. Their western
geographical boundary is placed into the Danube Valley, but a more evident geological boundary with the Eastern Alps is a depression west of
the Hundsheim Mts., so-called Carnuntian Gate. Alpine units extend to Slovak territory below the Vienna Basin Neogene filling, but are not
exposed on the surface. In the east, the boundary with the East Carpathians is placed arbitrarily into the Uh Valley. The West Carpathian
northern boundary corresponds to the erosional, mostly morphologically pronounced edge of Alpine nappes resting on the foreland. The
southern boundary is less clear, because the inner edge of the West Carpathians is occupied by vast lowlands penetrating deep into the
mountain system. The northern margin of the Great Hungarian Lowland south of the Bükk and Matra Mts. is morphologically conspicuous and
therefore these two mountains should be assigned to the Carpathians.
th
The West Carpathian zonal structure was recognized as early as the 19 century (e.g. Štúr 1860, Uhlig 1903). It was confirmed by
subsequent investigations which also revealed that the Mesozoic and Tertiary formations in arched belts resulted from a complicated tectonic
transformation of qualitatively and temporally different basins into fold-nappe systems, which sometimes incorporated only their sedimentary
fillings, but sometimes also their original substratum.
Carpathian Foreland consists of Variscan and pre-Variscan elements of the Bohemian Massif and Cracow Plateau, outside the Slovak
territory.
A dominant feature of the Carpathian foreland in Moravia and Silesia is the Moravo-Silesian Paleozoic Basin, folded during the Variscan
Orogeny. Its Devonian and Carboniferous deposits build especially the Drahany Upland in central Moravia, and the Nízký Jeseník Mts. and
Oderské vrchy Hills in northern Moravia. These sediments were also reached by a number of boreholes in the footwall of the Carpathian
foreland and flysch nappes. They were classified to two developments (e.g. Dopita et al. 1997): the basin development in the west and the
marginal development in the east (platform sediments deposited on the crystalline complex of the Brunnia, or, the Brno Unit – Suk et al. 1996).
Deposition of the Devonian basal clastics was followed by Middle to Upper Devonian carbonate sedimentation and lasted till the early
Lower Carboniferous. Carbonate rocks are mostly present in the marginal development, underlying the Miocene molasse and flysch nappes.
Towards the west, marginal carbonates passed into basin facies dominated by shales and into the Culm development represented by Upper
Devonian to Lower Carboniferous flysch. Carbonate deposition was gradually subdued during the early Carboniferous westward shift of the
remobilization of stable Brunnia block, to be totally replaced by clastic deposition in the Upper Viséan.
The uppermost portion of the Culm succession is occupied by the Hradec – Kyjovice Formation. Its upper part, the Kyjovice Member,
was classified as marine molasse deposits (Dopita & Kumpera 1993) characterized by pelitic development with thick laminite intervals and
irregularly distributed turbidite-dominated intervals. These intervals reach a thickness of up to several tens of meters. One of these intervals can
be observed at the visited locality.
The Kyjovice Member passes upwards into coal-bearing paralic molasse of the Ostrava Formation of the Upper Silesian Basin.
Advance of the Variscan orogenic fold-thrust belt towards the east resulted in the reduction of depositional area, giving rise to a
relatively narrow mobile foredeep wedged between the orogenic belt in the west and the platform on the Brunovistulian block in the east. The
marine molasse regime changed into paralic coal-bearing molasse at the boundary between subzones E1 and E2 (Havlena 1982) at the base of
the Ostrava Formation. This molasse reached far to the south and west, lining the eastern margin of the Bohemian Massif. The present extent of
the paralic molasse represents only an erosional relict of the former extensive area.
A system of Neogene foredeeps (in transversal, at places Paleogene depressions) on the Foreland elements fringes the outer edge of
the folded Carpathians and makes up the Carpathian Foredeep. Its Early Miocene sediments crop out only in a narrow belt, which is at places
separated from the Foreland by faults or flexures. Along with the underlying Foreland elements, these sediments plunge deep below the Outer
Carpathian nappes.
With respect to their paleogeography and tectonic setting, these foredeeps can be subdivided into two groups:
- Early Miocene foredeeps (Eggenburgian, Ottnangian and Karpatian). Their origin and development was partly controlled by the flexure
of lithosphere due to the growth of the accretionary prism of accumulating nappes of the Flysch Carpathians. By analogy with the S Moravia,
these foredeeps were closely associated with the Ždánice-Subsilesian Unit, which represented a relic depositional area in the Early Miocene.
From this area, transgression reached to the Carpathian foreland, which adopted the character of a foreland basin, according to some models.
The Ostrava area was a relatively distant foreland; here, only low thickness of Lower Miocene deposits were probably deposited and rapidly
eroded. Karpatian sediments are an exception in this respect: they were immediately covered by the older nappe of the Ždánice-Subsilesian
Unit.
- Middle Miocene foredeep was formed at the Karpatian/Early Badenian boundary after the advance of Late Styrian “older nappe of the
Ždánice-Subsilesian Unit” across the Carpathian foreland. A forebulge was formed in the western foreland of the growing accretionary prism of
Carpathian nappes. In the forebulge area, older Early Miocene foredeep sediments were eroded and preserved in relics only. At the same time,
the older nappe of the Ždánice-Subsilesian Unit subjected partial erosion too or, at least, to emergence and local fossil weathering. Tensional
stress gradually accumulating in the apical part of the forebulge resulted in a collapse of the dome and a graben of near 1000 m deep has
formed. This graben was the site of accumulation of Lower Badenian basal clastics and a thick complex of clays (“Tegel”) – in marine
environment, above the erosional relics of the Eggenburgian and Karpatian sediments and the older nappe of the Subsilesian Unit. The rapid
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subsidence of the graben resulted in lateral erosion and incision of side valleys, sometimes having the character of hanging valleys. These
valleys mediated the transport of detritus from graben shoulders and became the sites of shallow-water sedimentation.
Sedimentary basin of the Early Badenian foredeep has no paleogeographic affinity to older foredeeps. In the east, it is flanked by a
relics of the forebulge slope, the so-called Slavkov-Těšín Ridge, forming the basement to older foredeeps and gently dipping beneath the flysch
nappes. In the area located roughly below the front of the Magura nappe, the ridge is terminated by a series of normal faults with the vertical
displacement magnitude of several hundred meters (the so-called Súlov step). The uplifted block of the Slavkov-Těšín Ridge is overlain by rich
coal deposits, and by smaller deposits of natural gas (Eliáš 1999).
The course of the Early Badenian foredeep at the surface forms a morphological graben or a broad valley, called the Moravian Gate.
This valley has been used as an important connection between the North and the South since Prehistoric times. The Moravian Gate is the
alleged site of one of the branches of the so-called “Amber Trail”.
An analysis of geophysical fields suggests that Neogene foredeep sediments stretch as far as the axis of a central gravity low (line
Hodonín - Námestovo - Krosno - Borislav), or as far as the so-called "Peripieninic lineament" which is roughly identical with the axis and was
perceived as a deep fault between the North European Platform (underthrust beneath the Magura Flysch) and the Tertiary CarpathianPannonian block (= Inner Carpathians pro parte). Other conceptions (Uhlig 1907, Leško & Varga 1980, and others) suggest that the North
European Platform and Foredeep sediments extend far to the south below the Inner Carpathians.
With regard to the age of their Alpine nappe structure, the West Carpathians are divided into Outer - with Neoalpine nappes and Inner with Paleoalpine pre-Paleogene structure. The Klippen Belt divides the two.
The Outer Carpathians make up the external zone of the West Carpathians. Their characteristic features comprise flysch-dominated
Mesozoic and Paleogene formations, virtually missing pre-Mesozoic formations and negligible distribution of post-nappe cover. Elements of this
zone in Moravia, and also below the Vienna Basin Neogene in western Slovakia, are associated with the Rhine-Danube Alpine flysch. They
stretch further east in an immense continuous arc through Poland and eastern Slovakia as far as the East Carpathians.
The Flysch Belt consists of nappes, ranged into three groups (Nowak 1927, Roth in Buday et al. 1967):
1.
Marginal group. It consists of the Pouzdřany unit of limited extent in the Ždánický les Mts. in Moravia. Its essentially nonflysch
Late Eocene to Karpatian sediments display clear lithofacial affinity to the Tertiary filling of the Foredeep onto which they
were overthrust, thereby being analogous to the folded Alpine molasse (Andrusov 1968). They are absent in the Slovak
territory.
2.
Central, Krosno-Menilite Group. It is composed of Jurassic-Cretaceous and Paleogene lithostratigraphic units of various
paleogeographic characters.
In the Ždánický les and Pavlovské vrchy Mts., the Ždánice unit is overthrust as a fold-scale system onto the Pouzdřany unit, or onto the
Foredeep Neogene filling. Its Oxfordian to Karpatian sediments (with a most notable hyatus in Lower Cretaceous) largely are of nonflysch
character and, according to Andrusov (1968), they represent an element of the inner (folded) molasse and an extension of the Waschberg zone
(or Helveticum) from Austria. Stebnik-Borislav nappe has an analogous position in the eastern sector of the West Carpathian Flysch Belt, but
mainly in the East Carpathians (l.c.).
In the Moravsko-slezské Beskydy Mts., the Subsilesian unit as a nearly horizontal, strongly folded nappe with flysch as well as nonflysch
sequences (Turonian to Eocene), rests on structures of the marginal group, or directly on the Karpatian, its front sections also on the Early
Badenian of the Moravian Foredeep.
The Ždánice-Subsilesian Unit exposed in the Podbeskydská pahorkatina Upland and in the piedmont area of the Moravo-Silesian
Beskydy Mts. (in total thickness of ca. 1500 m). It is dominated by pelites, susceptible to erosion. Our knowledge of the unit is based on
boreholes drilled within the exploration of coal deposits in the Upper Silesian Basin and of oil and natural gas deposits.
The nappe structure of the Silesian and Ždánice-Subsilesian units was partly completed at the Lower/Middle Miocene boundary
(Karpatian/Lower Badenian) when the Miocene deposits of the Carpathian foredeeps were thrust over by an older nappe of the ŽdániceSubsilesian Unit. The nappe structure was finished in the Early Badenian when the Lower Badenian foredeep was thrust over by the upper
nappe of the Ždánice-Subsilesian Unit along with the Silesian Unit (Roth & Hanzlíková in Maheľ et al. 1967, Menčík et al. 1983).
The Silesian unit is a higher tectonic unit of the Krosno-Menilite Group in the Moravsko-slezské Beskydy. Its sequences ranging in age
from the Malm to Oligocene are mostly of flysch character, with a variegated volcanic assemblage of tescheenites in the Early Cretaceous. It is
divided into two facial nappes - Tešín and Godula.
The Silesian and Subsilesian units stretch further to the eastern sector of the flysch Carpathians where they join the Dukla unit in the
south and the Skole unit (part of the Krosno-Menilite Group) in the north.
The Czech part of the Silesian Unit is the example of a sedimentary basin dominated by turbidites and other gravity-induced transport
processes, i.e. the flysch trough.
The following facies developments can be distinguished in the Silesian Unit (Figs. 2 a, b):
Kelč development (Early to Late Cretaceous): northern continental slope and rise development in the total thickness of 900 m is
characterized by pelites with occasional transverse bodies of coarse clastics (fills of submarine canyons) or bodies of submarine fans. Rocks of
the Kelč development are exposed in tectonic relics on the Subsilesian Unit in front of the continuous body of the Silesian Unit. In Poland, this
development corresponds to the Subsilesian Unit (understood differently than the Ždánice-Subsilesian Unit in the Czech Republic) and the
“Klippen” Unit.
Baška development (Oxfordian to Danian): northern continental rise and basin development 1600 to 1800 m thick. It is characterized by
prominent slump deposits with sizeable clasts of the Štramberk Limestone, and in the Albian to Santonian with allodapic limestones. These
deposits, along with Lower Cretaceous rocks of the subsequent Godula development, form slices of the Těšín nappe. The Baška development
has no accurate equivalent in the Polish territory.
Godula development (Oxfordian to Oligocene): basin succession more than 8500 m thick of continental rise of the Silesian Basin. It
represents a typical development of the Silesian Unit, which continues to the territory of Poland.
Three depositional stages can be distinguished in the vertical succession of the Silesian Unit according to the lithological character of
sediments:
I. Lower stage (Oxfordian to Albian/Cenomanian)
A claystone-dominated complex up to 2000 m thick was deposited in the Godula development. Its lower part is represented by blackgrey calcareous claystones of the Lower Těšín Formation (Oxfordian to Tithonian). It is followed by the Těšín Member allodapic limestones
(Tithonian up to ?Early Valanginian age) of the oldest submarine fan in the Silesian Unit. The Valanginian to Early Aptian are marked by the
development of the facies-inhomogeneous Těšín – Hradiště Formation of black-grey claystones and calcareous claystones, partly accompanied
by turbidites. Slumps, talus-cone breccias and small submarine fans with turbidites and fluxoturbidites are in marginal developments. A
tescheenite volcanic complex (submarine extrusions, pyroclastic rocks, sills and dykes) was formed in the Hauterivian to Barremian. Black
silicified claystones of the Veřovice Formation (ca. 250 m) were deposited in anoxic environment in the Aptian. A return to aerated environment
occurred in the Albian/?Cenomanian: dark grey and spotted green-grey and grey claystones of the Lhotka Formation were deposited, showing
prominent bioturbation.
In the Baška development, lithologically varied Těšín – Hradiště Formation, almost 1000 m thick, with pelitic basin development (blackgrey claystones), was deposited in the Oxfordian to Cenomanian. The development of continental rise is characterized by block accumulations
with limestones of the Štramberk Member and calcareous conglomerates of the Chlebovice Member.
II. Intermediate stage (Cenomanian to Paleocene)
In the Godula development, a largely terrigenous siliciclastic flysch complex of turbidites and fluxoturbidites was deposited in a
thickness exceeding 4500 m. Its lower portion consists of the Godula Formation (Turonian to Santonian), forming two extensive submarine fans
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in the Moravo-Silesian Beskydy Mts. This formation comprises the variegated Mazák and the Ostravice Member of coarse-grained sandstone
(Cenomanian to Turonian). It is overlain by the Istebná Formation (Campanian to Danian) with coarse clastics, conglomerates and sandstones,
and claystones. Beds of intermediate tuffites to tuffs are rarely present.
The Baška development (=Baška Formation) (Albian to Santonian) contains allodapic limestones with marlstones. The succession is
topped by the purely psammitic Palkovice Formation (Campanian to Danian).
III. Upper stage (Paleocene to Oligocene)
A sedimentary complex up to 1900 m thick is formed in its lower portion by the pelitic Rožnov Formation (Paleocene to Eocene)
characterized by varicolored claystones and frequent sandstones to conglomerates of the Ciężkowice Member - turbidites, less common
fluxoturbidites in minor fans of continental rise. Beds of intermediate tuffites to tuffs are very rare. The overlying Menilitic Formation and Krosno
Formation show standard development (Eliáš, 1970).
Widespread in the northeastern corner of Slovakia, the Dukla unit is the only unit of Krosno-Menilite nappe-group to have appreciable
extent in our territory. Composed of Cretaceous and Paleogene largely flysch formations, it forms folds and scales distributed between the
Silesian and Magura units. This system pinches out westward in the Polish territory.
Further west, slices of the Fore-Magura unit stretch as far as the Moravsko-slezské Beskydy Mts. The Dukla unit plunges beneath the
Magura to the south. Some concepts assume that it also includes the sequences of the so-called Inlier unit or "Ropa-Pisarzowa" (e.g.
Kozikowski 1958) (or Grybów unit - Ksiazkiewicz 1972) exposed in inliers beneath the Magura nappe. The Silesian unit plunges under the Dukla
unit, but in eastern Slovakia, the latter is underlain by sequences (revealed by drilling) of the Obidowa-Slopnice unit (Koráb & Ďurkovič 1980)
defined in the Polish territory (Jawor & Sikora 1979).
3. Inner - Magura nappe Group. The Magura unit forms a continuous arc along the entire West Carpathians. It is divided formally by the
Tatry meridian into the western and the eastern sectors. Its continuation to the elements of the Rhine-Danube flysch is obscured by post-nappe
Neogene sediments of the Vienna Basin.
The Magura nappe group consists primarily of Paleogene flysch sequences. Cretaceous sediments rarely crop out, mainly in the Polish
territory. Jurassic "klippes" in the front of this group in Moravia (so-called Outer Klippen Belt) are mostly olistoliths of Silesian cordillera
sediments rather than deposits of the Magura trough s.s.
The Magura nappe group comprises (from north to south) the Rača, Bystrica, Krynica and Biele Karpaty partial nappes. The Biele
Karpaty nappe was defined as paleogeographically different from the rest of the Magura unit. As a whole, the magura nappe was overthrust
northward on the middle Flysch Belt group. In the western sector, the partial nappes are obliquely terminated at the Pieniny Klippen Belt
boundary, in some sectors (e.g. boundary in Orava) they were backthrust over, or folded and sliced to the Klippen Belt.
The incorporation of the Magura Basin (and the entire flysch basin) into northvergent nappes took place largely from the Late Oligocene
to Badenian inclusive (Savian-Styrian disturbances).
The current bivergent form of the Magura nappe system thrust onto the fore- as well as hinterland (at least in western sector) resulted
from Moldovan (Sarmatian) movements (Roth 1980).
The Outer West Carpathians are represented by a system of rootless nappes, i.e. sedimentary sequences detached from the basement
and thrust onto various elements of the North European Platform. The original basement of these sequences is unknown. There are different
views on its character (thinned continental, quasi-oceanic or oceanic crust) and on the mode of its partial or complete subduction.
The Pieniny Klippen Belt is the most complicated zone in the West Carpathians. It emerges from beneath the Vienna Basin Neogene
filling near Podbranč and extends as a narrow belt arched to the north between the Outer and Inner Carpathians as far as Romania. Its
characteristic signs include the above-mentioned position, absence of pre-Mesozoic rocks, varied Jurassic and Cretaceous sediments,
Paleogene flysch and typical klippen tectonic style: Jurassic - Lower Cretaceous limestone lenses form Pieniny-type klippes (Andrusov &
Scheibner 1968) penetrating through Cretaceous and Paleogene marlstone and flysch formations.
Although complicated, often in disarray or even chaotic, the Klippen Belt's structure systematically comprises two contrast JurassicCretaceous sequences and a multitude of transient sequences (Andrusov 1968). The Czorsztyn sequence is characterized by Jurassic crinoidal
and cherty limestones, an Early Cretaceous hyatus and a variegated marlstone facies (couches rouges) of Albian to Maastrichtian age. The
Kysuca (Pieniny) sequence is characterized by Dogger marlstones and radiolarites, cherty and pelagic Late Jurassic and Early Cretaceous
limestones. Since the Cenomanian (Albian?) it has been dominated by the couches rouges facies and flysch complexes, frequently with
conglomerates. Maheľ (1986) designates the Czorsztyn and Kysuca sequences as the Oravicum.
In the Váh Valley and Orava region, the Klippen Belt structure includes also the Klape sequence composed mostly of Cretaceous flysch
formations, locally with abundant so-called exotic conglomerates, in the Senonian also with couches rouges layers (Marschalko 1986). Some
authors (Rakús 1975) assume that the variegated marlstones were dragged tectonically into the flysch sequences. It is debatable whether
Jurassic shallow-water limestones are an indigenous part of the sequence or are olistoliths (e.g. at Klape after which the sequence was formerly
named).
In the Váh Valley, the Klippen Belt comprises also the Manín sequence characterized mainly by shallow-water limestones of Lower
Jurassic (Hierlatz Limestones) or Lower Cretaceous age (Urgonian Limestones) and by Cenomanian and Senonian flysch. The Inner
Carpathian origin of the pre-Senonian part of the sequence has been agreed upon, but controversies persist over whether it is the front of the
Tatricum (Andrusov 1968) or of the Krížna nappe (Maheľ 1986). The Haligovce sequence in the Pieniny stretch of the Klippen Belt is equivalent
to the Manín sequence.
The destruction of basins in which all the above sequences had been laid down was an extreme one, and the conceptions of their
distribution involve assumptions and speculations. Palinspastic reconstruction reveals that the outermost section of the sedimentary basin was a
Czorsztyn threshold; zones situated further away from the external basin edge comprised a bathyal Pieniny-Kysuca trough and, at least since
the Albian, the Klape Basin, which is linked to the difficult issue of the existence of an "ultrapieniny cordillera" (Andrusov 1968), (in the
Cretaceous, the cordillera supplied exotic detritus inclusive of Jurassic and Early Cretaceous acid, mafic and ultramafic igneous rocks and
glaucophanites).
The character of the Czorsztyn sequence suggests that it was deposited in a basin underlain by continental crust. Some authors (e.g.
Birkenmajer 1977, 1986) assume that the Pieniny-Kysuce trough might have rested on a crust of oceanic character, but a similar sequence
(Veporic Zliechov sequence) originated on a thinned, but undoubtedly continental crust.
The Klippen Belt was therefore formed by the transformation of a complicated sedimentary basin into a Laramian northvergent system
of near-surface nappes at the Inner Carpathian front. Following the deposition of the Jarmuta and Proč Members, the system was disturbed by
post-Paleogene foldings. At that time, the Klippen Belt was formed into its present-day shape. Its original substratum was subducted or adjacent
systems were overthrust onto it. The Klippen Belt's modern boundaries are tectonic. They have the character of near-vertical faults also with
horizontal (sinistral) movements (Birkenmajer 1985). It seems that the Klippen Belt could hardly be shaped to its modern form without major
horizontal displacements as was noted by Rutten as early as 1965 (in Andrusov 1967). The original Czorsztyn and Kysuca sequences and
Laramian nappes created from them were destructed to such an extent that attempts to distinguish individual nappes here are meaningless.
Only the Klape and Manín nappes have preserved some individual features although the character of their original Laramian contacts is often
controversial.
The Inner Carpathian Belt (Inner Carpathians). In the last decade, the essentially synonymous terms "Central" and "Inner"
Carpathians have become the basis of regional division (cf. Mišík et al. 1985). In the light of current knowledge on the distribution of Meliaticum,
the Rožňava fault has no relationship to the Central/Inner Carpathian boundary. According to another proposal, the Lubeník scar separates
these two regional units. The line is clearly visible at the contact of the exposed parts of the Veporicum and Gemericum. Nevertheless, it is
impossible to identify the boundary in the area between Dobšiná and Krompachy where the contact is masked by thick masses of the Besník
nappe or Galmus zone, not yet removed by erosion. Although the southern vergence of the Silica nappe is not sure, we uphold the principle that
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the pre-Gosau fold-nappe system, formed by the structuration of basins ranging in age from Kimmerian to Mediterranean folding events, makes
up the Inner Carpathians regardless of the character of basins and post-nappe disturbances.
The Inner Carpathians defined in this way are vertically subdivided into a nappe system and overlying post-nappe Late Cretaceous to
Neogene sedimentary and volcanic formations.
The pre-Gosau nappe system comprises crystalline masses and Late Paleozoic formations grouped into Alpine tectonic units defined by
Matějka and Andrusov as early as 1931. Each such unit consists of a basement and characteristic Mesozoic sequences, irrespective of the fact
whether the latter rest on their original basement or were detached and displaced as a nappe onto a different basement elsewhere.
The Cretaceous north-vergent shortening of all the above units is widely accepted. The Late Turonian age of the nappe stacking of the
rootless Mesozoic Units was generally presumed (e.g. Andrusov 1968). Similarly, the Coniacian time is supposed for the nappe emplacement,
which is paralellized with the closure of the South-Penninic (Ligurian) ocean (Tomek 1993). Alternatively, from the progressively older ages of
the uppermost members of the Mesozoic cover- and nappe units towards the southern hinterland - Lower Turonian in NW Tatricum, Albian in
the Fatricum, Hauterivian in the Hronicum, Tithonian in the Silicikum and Lower Oxfordian in the Meliaticum - is indirectly inferred the time span
of the successive orogenic contraction which operated during the Cretaceous in the IWC (Rakús at al. 1990). The cessation of sedimentation
may be supported also by shallowing of the basins as evidenced by flysch sequences or shallow marine limestones. From that point, the main
Alpine tectono-metamorphic event is presumed to have taken place during the Lower Cretaceous time, and is related to the closure of the
Meliata ocean (Kozur 1991, etc.).
Now, after numerous refinements, Inner Carpathian major tectonic units are distinguished as follows:
The Tatricum is exposed in the core mountains. It consists of a crystalline core and its indigenous Late Paleozoic (Permian sequences
as different local lithostratigraphic units, Fms., Vozárová & Vozár 1988) and Mesozoic envelope (Early Triassic to Early Turonian). The Tatric
crystalline basement has specific features in some core mountains, but generally it is made up of medium- to high-grade metamorphic rocks
(mica-schist gneisses, gneisses) and granitoids. Some evidence indicates the presence of higher-pressure relics. In contrast, lowmetamorphosed complexes occur in some mountain ranges (Tríbeč, Malé Karpaty and Považský Inovec Mts.). The boundaries of these
complexes of different metamorphic grade are tectonic and probably mostly Hercynian, an assumption that has been confirmed by structuraltectonic investigations in some mountains, such as the Západné Tatry (Fritz et al. 1992, Janák 1992). The character and evolution of crystalline
rocks of Tatricum and Northern Veporicum are similar - the Tatric terrane has been defined (acc. Vozárová & Vozár 1996). The sedimentary
envelope, notably its Early Jurassic formations, displays marked contrasts in their rock composition: sandy and crinoidal limestones versus
marlstones with cherty limestones (cf. Maheľ 1986). In some mountains, the Tatricum is deformed into complicated slices, recumbent folds and
partial nappes (Malé Karpaty, Tatry, Nízke Tatry), which underwent Alpine metamorphism (Tríbeč, Malé Karpaty).
The Tatricum is the deepest exposed tectonic unit of the Inner Carpathians, an autochthon relative to all overlying units. To which extent
the Tatricum itself is in allochthonous position can be inferred only from broader relationships and seismic profiles. Interpretations ranging from
Uhlig (1907) to Bezák et al. (1993) differ in details and are not dealt with here. If the Tatricum is in an allochthonous position, then it is due to
Tertiary tectonics. It is worth mentioning that the Tatricum - equivalent to the Lower Austroalpinicum in the Eastern Alps can be underlain by the
Penninicum. Andrusov (1960) has said that if the Penninicum is present in the Carpathians, its exposures occur at the contact of the Inner
Carpathians with the Klippen Belt. This issue was studied in more detail by Maheľ (1981) who defined the Vahicum - a hypothetical equivalent to
the Alpine Penninicum at the front of the Inner Carpathians. Surface occurrences of this unit may include Cretaceous formations described by
Plašienka et al. (1994) amidst the Inovec crystalline massif.
The granitic rocks of the Tatric unit are composed of the orogenic granites, which could be divided into three principal suites: (1)
Devonian orthogneisses, (2) Lower Carboniferous peraluminous granites with S-type affinity (3) Upper Carboniferous granitoids with I-type
affinity (Petrík & Kohút 1997).
The oldest group represents the metamorphic granitic rocks which crop out as orthogneisses. The age of these rocks are determined by
single zircon Poller et al. (2000) in the Tatra Mts. All these rocks point to the S-type granitic precursor.
Lower Carboniferous granitoids with S-type affinity are represented by two-mica granodiorites and granites less tonalites. They were
formed probably by biotite and/or muscovite dehydration melting of upper crustal quartz-feldspathic rocks, such as greywackes, due to crustal
thickening and prograde metamorphism during a Carboniferous collision (Petrík et al. 1994). Locally numerous pegmatites accompany these
granites, although, based on biotite stability and water activity, water content in these magmas was estimated to be 2-3 wt.% (Petrík & Broska,
1994). They were formed during Variscan collision events.
Upper Carboniferous granites with I-type affinity are metaluminous to slightly peraluminous and they were formed mainly by tonalites
and granodiorites during extension to transtension regime (Broska & Uher, 2001). Their origin is connected with lower crustal continental melting
with contribution of infracrustal or mantle material (Petrík et al. 1994, Kohút et al. 1999). Locally quite abundant microgranular mafic enclaves in
these granites, which are products of mixing of melts, as well as the bulk chemistry is evidence for such processes (Broska & Petrík 1993).
The Veporicum - the definition of this basic tectonic unit has changed several times since 1931. In accordance with proposals by
Andrusov (1960) and Maheľ (1986), the Veporicum comprises: (1) crystalline massifs of the Čierťaž, Veporské and Stolické vrchy Mts. in the
Slovenské rudohorie, Kráľovohoľské Tatry, Čierna hora and Branisko Mts., and overlying Late Paleozoic and Mesozoic formations which form
the indigenous sedimentary envelope of the crystalline massifs and (2) a nappe system composed of Mesozoic complexes overlying the
Tatricum which Andrusov (l.c.) designated as the Lower Subtatricum or Krížna nappe, Andrusov et al. (1973) as the Fatricum, and Maheľ (1986)
in the hierarchy of the basic tectonic unit - the Krížna nappe.
1. The Veporicum composed of a crystalline core and its envelope was overthrust onto the Tatricum along the Čertovica line and
plunges under the Gemericum along the Lubeník-Margecany line (Zoubek 1957).
The internal structure of the crystalline basement is complicated as it involves several lithotectonic units (complexes). There are
complexes of granitoid and highly-metamorphosed rocks as well as those of weakly-metamorphosed Early Paleozoic, Late Paleozoic and
Mesozoic sequences which are lithologically different in the northern Veporicum and in the southern Veporicum (see Andrusov et al. 1973,
Vozárová & Vozár 1988).
The predominant tectonic superposition of granitoids over metamorphites is attributed to the Alpine thrusting (Klinec 1966). However,
considering that no Mesosoic slabs sqeezed between these tectonic units have been observed, an alternative the Hercynian age of thrusting of
the basement was proposed (Andrusov 1968, Bezák 1994). The latest research indicates that the superposition of the crystalline complexes
essentially dates back as early as the Hercynian tectonic processes although, especially in the Veporicum, it was considerably rejuvenated or
destructed by Alpine disturbances. A number of local complexes have been defined in the Veporic and Tatric crystallines, yet their tectonicmetamorphic history and analysis of deep structure allow to distinguish three major Hercynian lithotectonic units (Bezák 1994): The Upper
Hercynian lithotectonic unit composed largely of the highest-metamorphosed complexes and granitoids is present in the Veporicum only in
relics. The middle (medium- and high-grade metamorphic rocks and granitoids) and lower units (low-grade metamorphic rocks present chiefly in
the Kohút zone) account for the bulk of the Veporic crystalline rocks. Relics of weakly metamorphosed complexes in an upper position may
suggest the existence of another tectonic unit. The Early Paleozoic complexes in the Gemericum made up a separate domain. Hercynian
tectonic-metamorphic evolution was a long and complex one, and its reconstruction is made even more complicated by Alpine reworking.
The Veporic crystalline is dissected by nearly-vertical faults into the Ľubietová, Kraklová, Kráľova hoľa and Kohút zones (Zoubek 1957
and others). They are detached by this intraveporic fault line: “Osrblie” -, Pohorelá - and Muránska line. In this respect, the character of their
Late Paleozoic but mainly Mesozoic envelopes is noteworthy. The first two zones - in the so-called northern Veporicum the Late Paleozoic
(Permian Ľubietová Group – Brusno and Predajná Fms., Vozárová 1979) and Mesozoic envelope constitute the Veľký Bok sequence (Triassic Neocomian? - Aptian). Although different in details, the Veľký Bok is essentially very similar to the Krížna nappe Mesozoic (Biely 1962)) as it was
deposited in the innermost sector of the basin of the future Krížna nappe (Fatricum according to Andrusov et al. 1973) and was not detached
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from its original basement. The sequence is characterized by the terrestrial Late Triassic facial area (characterized by the lithostratigraphic unit
of) labeled as the s.c. Carpathian Keuper.
In the Kráľova hoľa and Kohút zones, in the so-called southern Veporicum, only remnants of the unit envelope have been preserved.
The envelope is represented by the Stephanian to Permian of the Revúca Group (Vozárová & Vozár 1982) and the Mesozoic of the Federata
(Rozlozsnik 1935) or Struženík (Maheľ et al. 1967) and/or Tuhár (in Fusán et al. 1963) or Ružín (Maheľ et al. 1967) sequence. With presence of
the Stephanian and Permian on the one hand and missing Keuper formation on the other hand essentially the envelope of the Southern
Veporicum is different from the envelope of the Northern Veporicum although many members, mainly in the Mesozoic, are similar in both parts
of the Veporicum s.l.
The fact that these Veporic sequences lie side by side raises a question of how they and their crystalline basements got so close to one
another. Signs of strike-slip movements along the Pohorelá line noted by Hók & Hraško (1990) indicate one of the possible solutions. If the
division of the Inner Carpathians into Alpine tectonic units is based on the character of their Mesozoic, it is questionable whether the so-called
Northern and Southern Veporicum are parts of a single tectonic unit. The entire Veporic tract in question was Alpine-metamorphosed. Among
the units of the Inner Western Carpathians the Veporicum Unit exibits the most intense Alpine tectono-metamorphic reworking.
2. The Veporicum made up of a group of near-surface nappes (Fatricum according to Andrusov et al. 1973) overlying the Tatricum in all
core mountains has a uniform Triassic (with a characteristic Carpathian Keuper facies), but a differentiated Jurassic and partly also Early
Cretaceous. In some core mountains, the Tatricum immediately underlies a partial nappe characterized by Jurassic crinoidal and cherty
limestones - the Vysoká nappe (l.c.). The Vysoká, and somewhere also directly the Tatricum, are overlain by a nappe, with a more or less
complicated internal structure, with Jurassic spotted limestones, radiolarian limestones and radiolarites, which has been designated as the
Krížna nappe (l.c., a different terminology was introduced by Maheľ 1986). The origin of this section of the Veporicum (= Fatricum according to
Andrusov et al. 1973) is undoubtedly ultratatric. Its original basement (probably a thinned continental crust, = "heavy crust" according to Maheľ
1986) was almost completely subducted and its remnants are confined to the Staré Hory inlier. As the Veľký Bok sequence (whose facies
resembles the Krížna nappe) rests on the crystalline massif of the so-called northern Veporicum, the Ľubietová and Krakľová zones of the
northern Veporicum may possibly be a basement nappe, attesting to the character of the original basement of the southern tract of the Krížna
nappe.
There has been given clear structural and metamorphic evidence that the main phase of the Alpine metamorphism took place before the
emplacement of Silica and Choč nappe, respectively (Pouba 1951, Vrána 1966, Andrusov 1968). The folded higher Mesozoic nappe-structure
of the Silicikum (the s.c. Muráň plateau) is overlain by discordant remnants of the Upper Cretaceous Gosau beds (Bystrický 1959).
The granites in the Veporicum comprise the orogenic and post-orogenic granite suites. Orogenic suites are identical as it is known in the
Tatric unit (1) Devonian orthogneisses (2) Lower Carboniferous S-type granites (3) Upper Carboniferous I-type granites, but for the Veporicum is
aslo typical the presence also the post-orogenic A-type granite. These granites form small intrusions of biotite leucogranites to granite
porphyries. The process of formation of A-type granites is associated with melting of granitic sources (Petrík 2000) and emplaced during
extension and transtension. They originated also in the strike-slip lineaments.
The Zemplinicum. The Zemplinicum (sensu Slávik in Fusán et al. 1971, redefined by Vozárová & Vozár 1988) is composed of a highgrade metamorphosed crystalline complex and its Carboniferous and Mesozoic envelope unit (Bouček & Přybil 1959). Predominating rocks in
the crystalline complex are paragneisses, amphibolites, migmatites, with mineral associations indicating P-T conditions of higher-temperature
amphibolite facies (Vozárová 1991, Faryad 1995). The post-orogenic Variscan sequence starts with Stephanian continental sediments with
several limno-fluvial coal cyclothemes and continues with Mesozoic sequences which are mainly represented by Lower Triassic quartzites and
shales and Middle Triassic epiplatform carbonate sequences (confr. Bouček & Přybil 1959, Grecula & Együd 1982, Vozárová & Vozár 1988).
According to the results of the study of crystalline rocks and Late Paleozoic - Mesozoic sequences we can correlate the Zemplinicum with the
Southern Veporicum.
The Hronicum is a nappe system (= middle Subtatricum according to Andrusov 1968) characterized by uniform Permo-Carboniferous
sedimentary-volcanic sequences (Ipoltica Group, Nižná Boca and Malužiná Fms. acc. Vozárová & Vozár 1981), differentiated Oberostalpinetype Triassic and only locally preserved Jurassic - Early Cretaceous formations.
The Triassic here is characterized by two facies: a) monotonous, dolomite facies (=Čierny Váh sequence or facial area); b) vertically
differentiated facies (=Biely Váh sequence or facial area). Believing that the former is bound to a lower partial nappe and the latter to an upper
partial nappe, Andrusov et al. (1973) designated them as the Šturec and Choč nappes. It has turned out, however, that the assumed
relationship of the facies to the partial nappes is not valid generally (e.g. Maheľ 1986) and therefore we understand the Hronicum as a system of
piled up partial nappes and slices (= basic polyfacial Choč nappe according to Maheľ 1986) whose geometric relationships from one mountain
range to another are often controversial due to various disturbances.
The allochthonous position of the Hronic rootless nappes relative to the basement clearly indicates its ultraveporic origin, presumably
from an area between the Veporicum and Gemericum (Biely & Fusán 1967, Andrusov 1960, etc.) but this has also been challenged now. The
original basement was completely destructed, but the carbonatic-platform-type Triassic confirms that the crust was a continental one, possibly
thinned in the Jurassic.
The lithological character of Late Paleozoic sediments and volcanics (Nižná Boca and Malužiná Fms. Vozárová & Vozár 1981) points to
the origin in a basin of riftogenic character founded on the continental crust (Vozárová & Vozár 1988). This opinion is also supported by finds of
tectonic fragments of mylonitized granitoids in the basal part of the lower partial Hronicum nappe (Vozárová & Vozár 1979).
The Gemericum. The classical definitions (for instance, Andrusov 1968), which in this tectonic unit included the Paleozoic complexes of
the Volovské vrchy Mts. and Mesozoic sequences of Oberostalpin facial development (Slovak Karst, Stratenská hornatina Mts., Muráňska
planina Pl. etc.) became, after the age of the Meliata Group was established (Kozur & Mock 1973a, b) and after allochthoneity of the Silicicum
was proved, untenable. These new facts and last but not least also detailed lithofacial studies in Late Paleozoic sequences (Vozárová 1973) led
a to division of the Late Paleozoic envelope of the Gemericum, understood uniformly until that time (in Bajaník et al. 1984) and at last also to its
division into two particular units - the Northern and Southern Gemericum (Vozárová & Vozár 1988). The separation of metamorphosed clasticcarbonate complexes with metabasalt tuffs, metabasalts and glaucophanites (the Dúbrava Beds in the sense of Fusán 1959) from
Carboniferous sequences, the proving of their allochthoneity and their attribution to the Meliaticum unit (in Bajaník et al. 1983, 1984) have
brought further arguments for this division into the Northern and Southern Gemericum.
From the point of view of present-day knowledge we understand the Northern as well as Southern Gemericum as units mainly
consisting of Paleozoic formations, i.e. of metamorphosed pre-Carboniferous complexes and Late Paleozoic syn- and post-orogenic formations.
The Mesozoic part of the cover is evident only in both linking of the Lower Triassic and Permian (with the exception of some areas in the
Stratenská hornatina and Galmus Mts.). The position of the Triassic and Permian gives the impression of stratigraphical linking.
Sporadically stratigraphical data in pre-Carboniferous formations have been the reason of the controversially understood inner structure.
According to one group of authors there is an asymmetric highly Alpine-reworked meganticline, lined up by granitoid (see the map Bajaník et al.
1984). According to Grecula (1982), for the inner structure of the Gemericum a system of Late Variscan nappes in which also granites were
included, is dominant. The Permian ages of the granitic bodies gained from Rb/Sr whole rock isochrons were confirmed for Hnilec and Betliar
localities with a higher precision by U, Th – total lead determination through the use of a microprobe on monazites (Finger & Broska, 1999).
This interpretation, however, does not comply with the geological interpretation and results of the deep seismic profile G-1 (Vozár et al.
1993, 1996), which confirm an Alpine north-vergent nappe structure and rather Alpine - ?Cretaceous age of granitoid porphyry (98 Ma, Kantor
1957) and neither with data of contact metamorphism (Vozárová et al. 2001). The following investigation indicated that the problem is much more
complicated. Next K/Ar dating confirmed Alpine ages: 70 Ma at the Poproč site (Bojko et al. 1974); 87 Ma on Zlatá Idka site (Bagdasarjan et al.
1977); 141 Ma on the Čučma site (Bagdasarjan et al., 1977). Kantor & Rybár (1979) published many of K/Ar data from various bodies of the
Gemericum granites and in a case of muscovites they found that values range from 241 to 141 Ma. From this range the authors have concluded that
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the Gemericum granites were polyphased. Rb/Sr data (Kovách et al. 1986; Cambel et al. 1989) gathered from whole rocks and separated minerals
(mainly muscovites and biotites) also documented considerable scatter of WR data and mineral isochrons of particular bodies (for instance: Hnilec
290±40 Ma, Betliar 272±40 Ma, Podsúľová 145±6 Ma).
Both the mentioned interpretations have, however, one common basis, the Early Proterozoic development of the Northern and Southern
Gemericum within of one geotectonic domain, either with continuous lateral or vertical connection.
The Northern Gemericum is a tectonic unit of volcanic-sedimentary formations reflecting subduction-collision processes of the
Variscan orogen, which were connected with polyphase, metamorphic events and development of syn- and post-orogenic basins (Bretonic,
Sudetic, Asturian movements). They contain pre-Carboniferous high-grade and low-grade metamorphosed complexes of distinct oceanic
affinity, which were polyphase-amalgamated in the time of the Lower and Middle Carboniferous. This is testified by relics of filling of a Lower
Carboniferous rest-basin with olistholites of serpentinized ultrabasic rocks (Ochtiná and Črmeľ Groups, confr. Vozárová 1993) as well as of a
peripheral shallow-marine Westphalian basin (remaining formations of the Dobšiná Group), the sediments of which already colmated the
Variscan structure. The post-orogenic transpressional regime was linked with the development of continental Permian sequences. The lagoonalsabkha Upper Permian - Lower Triassic formations were connected with the beginning of the Alpine cycle.
The Southern Gemericum is composed in its major part of Early Paleozoic volcanogenic flysch (Gelnica Group, Snopko & Ivanička
1978, Ivanička et al. 1989, Vozárová & Ivanička 2000), Late Variscan folded and low-grade metamorphosed. The formation of this complex is
connected with the active margin of a continent (Bajaník & Reichwalder 1979, Vozárová 1993). The stratigraphy of the Gelnica Group is limited,
according to microflora from the Cambrium to Lower Devonian (Snopková & Snopko 1979). The age of the Gelnica Group was re-defined by
Vozárová et al. (1997, 1998, 2000) on the basis of foraminifera, conodonts and other new biostratigraphical data from different sedimentary
sequences: Upper Cambrium to Silurian. The South Gemeric Early Paleozoic is at angular disconformity covered by a Permian continental
riftogenic sequence (Gočaltovo Group, Rožňava and Štítnik Fms. acc. Bajaník et al. 1981) prograding in the Upper Permian - Lower Triassic to
a lagoonal - shallow-marine regime. This sequence is genetically connected with the beginning of the Alpine development cycle.
The above-mentioned proves that the Gemericum as a Paleoalpine unit was formed by amalgamation of the Northern and Southern
Gemericum in the pre-Gosau period and was widely overthrust on the northerly lying Veporicum.
The Meliaticum. Although the Meliatic "series" was defined as a lithostratigraphic unit more than 40 years ago, the views on its position
and stratigraphy still differ. The Meliata "series" pro parte was originally regarded as Early Triassic (Čekalová 1954), mainly owing to its position
below the Slovak Karst Middle Triassic formations. Evidence of its Late Triassic age put forward by Kozur & Mock (1973a) and others radically
changed the views on the tectonic position of the Slovak Karst Austroalpine Triassic (= Silica nappe) and palinspastic scheme of the inner sector
of the Carpathian area.
The views on the Meliaticum lithostratigraphy also changed considerably. Kozur & Mock (1973b) considered a classical section near a
mill at the Meliata as a continuous Middle to Late Triassic sequence. The Jurassic was added to this section later (Kozur & Mock 1985). With
regard to new knowledge (Mock et al. 1992, Mello et al. 1992), the Meliata formation can be defined as a Jurassic sequence of black shales, up
to several hundreds of meters thick, intercalated with dark and greenish-red radiolarites, sandstones and marlstones. Olistostromes in this shaly
3
sequence include clasts and blocks, mostly of Triassic rocks (= original Middle-Upper Triassic Meliata series), up to several thousands of m in
size. Stratigraphically, the formation is assigned into the Jurassic (Bathonian - Callovian), spotted marlstones and shales with sandstones are
considered as Liassic. In places, the Meliata formation is tectonically fractured into "mélange" (Jaklovce).
The Meliaticum is now perceived as a tectonic unit which originated in an oceanic or paraoceanic domain and was closed in the Late
Jurassic (Maluski et al. 1993, Dallmayer et al. 1996). It is exposed in numerous inliers surrounded by the Silica nappe, in a discontinuous
system of slices fringing the southern edge of the Gemeric Paleozoic and in some slices in the so called Nižná Slaná depression between
Jelšava and Dobšiná. The composition, but mainly position of this unit are obscured by reworking. Some researchers assume (Mock, Mello l.c.)
that it presumably consists of two units. One of them, the Meliata Group s.s. (Držkovce, Honce, Meliata, Jaklovce) is a relic of sediments and
volcanics deposited probably in a basin underlain by oceanic crust. The other, immediately overlying the Gemeric Paleozoic could have been
genetically associated with the Gemericum - as its envelope. However, this quasi-Gemeric section of the "Meliaticum" includes also
glaucophanites and therefore other authors suppose its position above the Paleozoic is allochthonous (Bôrka nappe, Leško & Varga 1980).
The Bôrka nappe has recently been redefined (Mello et al. 1992, 1996). Now it comprises also occurrences of Late Paleozoic Mesozoic metamorphosed sequences (Hačava type) along the Slovak Karst northern edge between Jasov and Štítnik and in the Nižná Slaná
depression. Their characteristic sign is Alpine medium- to higher-pressure metamorphism (Mazzoli et al. 1992). Its lithology is variable with
abundant metamorphosed mafic rocks (largely glaucophanites) displaying affinity to the Meliaticum.
The Turnaicum. This unit comprises a nappe group whose lithology corresponds to the original location between the Silicic and Meliatic
zones of deposition - i.e. slope and basinal one (Mello et al. 1996). Unlike those in the Silicicum, the initial-carbonate-platform facies here were
not restored. The Middle and Late Triassic is dominated by the basinal and slope facies. Another characteristic sign of these formations is their
anchizonal to greenschist facies metamorphism. In the basal part of the Turnaicum the continental Permian (Brusník Fm.) and Middle
Carboniferous flysch (Turiec Fm.) are preserved. Turnaic nappes are widespread in the Slovak Karst, mostly above the Meliaticum and below
the Silicicum (Vozárová & Vozár 1992).
The Silicicum. The above-mentioned major tectonic units are overlain by outliers dominated by the Oberostalpine-type Triassic:
Strážov, Nedzov and other nappes in the core mountains (= Upper Subtatricum, Andrusov 1968) as well as Muráň nappe, Galmus zone (=
Besník nappe, Maheľ 1986) and Slovak Karst (= Gemericum, Andrusov 1968). They were assigned into the Gemericum because of facies
similarities (e.g. Biely et al. 1968 and others). However, the revelation that the Austroalpine Triassic of the Slovak Karst constitutes the Silica
nappe rather than a single tectonic unit with the Gemeric Paleozoic (Kozur & Mock 1973b) has cast strong doubts on the original connection
with the Gemeric Paleozoic, and Mello (1979) designated them as the Silicicum. The allochthonous position of all Silicic outliers and their
outward vergence is evident (except in some areas in the Stratenské vrchy and Galmus Mts. where the Triassic overlies the Permian suggesting
normal stratigraphic sequence). Nevertheless, the original vergence of the Silica nappe is controversial: either southern (Kozur & Mock 1973a,
Andrusov 1975) or northern (Maheľ 1986, Hók et al. 1995).
Inner Carpathian post-nappe formations
Very little is known about the evolution of the Inner Carpathian area in the Senonian because these sediments constitute only small and
scarce occurrences (Miglinc Valley, Dobšinská Ľadová Jaskyňa, Šumiac, Čierna lúka and Brezovské Karpaty Mts.). They invariably rest
transgressively and unconformably on their substratum. In the former four localities, the Senonian is made up of marine limestones and
marlstones intercalated with sandstones mostly of Santonian-Campanian age. These deposits are fairly thin (below 100 m). The Late
Cretaceous in the Dobšinská Ľadová jaskyòa area includes also red conglomerates intercalated with claystones of uncertain marine origin and
age.
Thicker Cretaceous sediments (up to 1500 m) are more widely distributed in the Brezovské Karpaty Mts. Equivalent to the Eastern Alp's
Gossau Cretaceous, they are referred to as the Brezová Group (formerly series) (Samuel et al. 1980). Its sequence comprises Campanian
flysch formations with a layer of red marlstones, as well as conglomerates and Orbitoids limestones.
The occurrences of Senonian sediments are fairly limited in size and number and therefore some authors assume that, the "Inner
Carpathian" area at that time was mostly dry land. Nevertheless, the small but widely distributed occurrences - relics of a marine basin suggest
that a considerable part of the contemporaneous "Inner Carpathians" could have been inundated. Finally, we emphasize that all these
occurrences rest unconformably on Triassic carbonatic formations which, from a tectonic point of view, are assigned into the Silicicum or into the
so called higher "Subtatric" nappes. The position of the Senonian deposits indicates pre-Gossau structuration (inversion) of the Mesozoic basins
and formation of the Inner Carpathian nappe system (Andrusov & Bystrický 1959).
In the Paleocene, the Inner Carpathian area was presumably dominated by dry land. Paleocene formations have been preserved in
tectonically-bordered belts along the inner edge of the Klippen Belt and in a fairly extensive area in the Brezovské Karpaty Mts. where they rest
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on the Brezová Group. They make up the Myjava Group (Samuel et al. 1980) composed of a complex of marlstones, flysch formations with
blocks of algal-coral limestones and conglomerate layers. More than 1000 m thick, they are of Paleocene - Eocene age.
Similar sediments in the Váh Valley are referred to as the "Hričov-Žilina Paleogene facies". The facies distribution of this Paleogene
clearly indicates that virtually all "outer" part of the original basin was displaced elsewhere and actual contact with the Klippen Belt is tectonic.
In the Paleocene and Early Eocene, the Inner Carpathian pre-Gossau nappe system underwent disturbances which have not yet been
investigated adequately. The Inner Carpathian Paleogene is constituted by the Subtatric Group (Gross et al. 1984). It is composed of basal
conglomerates, claystones and a flysch formation whose total thickness exceeds 1000 m. The group's age is diachronnous, ranging from
Cuissian to Oligocene (to Egerian in the Handlová Basin). It is widespread mainly in the Upper Nitra, Turiec, Subtatric and Hornád Basins as
well as in the Skorušinské vrchy, Spišská Magura, Levočské vrchy and Šarišská vrchovina Mts. Recent distribution of the Subtatric Group
suggests that, except in the Slovenské rudohorie area, territory of the Inner Carpathian nappes was a realm of deposition in the Eocene and
Oligocene.
Sediments of the Buda-facies (or Hungarian Paleogene) stretch out to the Slovak territory only to a limited extent.
The Paleogene sediments generally dip gently; are warped into shallow meganticlines and megasynclines. They obviously seal the
Inner Carpathian nappe system. Only in a narrow zone along the Klippen Belt, the Paleogene sediments are disturbed into scales and folds.
These deformations were caused by tectonic processes, which shaped the Klippen Belt into its modern form, and cut off a considerable part of
the Inner Carpathian basin.
Tertiary/Quarternary basins and depresions
Basins are distinctive topographic structures in the West Carpathians, and along with the core mountains they rank among the most
characteristic features of the whole West Carpathians.
According to the classical geosynclinal model, they can be divided into foredeep, intramontane and backdeep basins (Vass 1996). In the
lithospheric-convergence model, the foredeep corresponds to deep plate foreland basins, intramontane basins to fore-arc or inter-arc basins
and backdeep basins to back-arc basins. The assumption, that the Buda Basin or Hungarian Paleogene basins are flexural retroarc basins,
lacks reliable evidence.
The Foredeep does not extend to the Slovak territory. Intramontane or fore-arc basins include the Vienna Basin and all small inner
basins, as well as the Eastern Slovakia Basin which, in one evolutionary stage, was in the position of an inter-arc basin. The Danube Basin is a
transient type between an inter-arc and back-arc basin. The southern Slovakia's basins also fall into the back-arc category.
The West Carpathian basins are filled with sediments and partly with coeval volcanics. The sediments are largely "siliciclastic", locally
with coal or evaporites. Rare carbonates are primarily organogenic. Detritus originated in the rising Carpathian mountains. Sediments in major
basins are as much as several thousands of metres thick. The deposition took place mostly in a marine environment which gradually changed
into marine-brackish, lacustrine to fluvial. Minor basins are dominated by lacustrine-fluvial deposition. The sedimentary and/or volcanosedimentary basinal filling rests unconformably on earlier West Carpathian units. The filling is much less tectonically disturbed than the
basement (Buday et al. 1965, 1967).
Faults are principal structural elements in the basins. They confine most basins and syngenetically and epigenetically dissect their filling.
Normal faults prevail. In addition to vertical movements, many faults, notably those in intramontane basins, experienced also considerable
strike-slip movements. Some faults active during the deposition experienced major vertical movements. Manifestations of compressional
tectonics (reverse faults, folding, inverse uplift) are limited. Earlier filling near the margins of major intramontane basins is "folded" and mostly
has a monoclinal structure dipping into the basin centres.
The formation of the West Carpathian basins was governed by geodynamic processes which controlled the Carpathian arc evolution at
the end of the Paleogene and during the Neogene. These processes were propelled mainly by the ongoing or culminating convergence of
Eurasia and Africa which resulted in:
•
subduction in the Carpathian front accompanied with the formation of an accretionary prism and volcanism,
•
asthenosphere activation due to subduction and subsequent asthenosphere uplift (formation of a mantle diapir) which caused
crustal extension, tectonic subsidence and subsequent collapse and thermal subsidence in the back-arc area, i.e. in the
Carpathian hinterland of crustal tectonic transfer fragments from the Alps and Dinarides to the West Carpathian and Pannonian
areas.
The lithospheric-plate convergence which gave rise to subduction in the Outer Carpathians was clearly oblique. Compression by the
oblique convergence caused shear stress on the edge of the overthrust plate. Under these circumstances, pull-apart basins opened along the
inner side of the Klippen Belt. This is exemplified by the Transcarpathian Basin, particularly its western sector, i.e. the East Slovakian Basin
(Vass et al. 1988). The Vienna Basin opened in a similar way, notably in the Styrian and post-Styrian, i.e. younger evolutionary stages.
However, the Vienna Basin is a special kind of pull-apart basin because, unlike the other basins of this type, it is not underlain by a thinned
crust, contains neither thermal anomaly nor volcanic centres, and faults with lateral displacements which opened the basin are fairly shallow, i.e.
are not of subcrustal composition (thin-skinned pull-apart basin, Royden 1985).
The Buda Basin or Hungarian Paleogene basins extending to southern Slovakia were created in the background of tectonic escape of
crustal segments from the Alpine-Dinaric area. Hungarian geologists group the escaped segments into the Pelsó megaunit (Dank & Fülöp, Eds.
1990, 1998). Basins formed in the escape process were also being opened through the pull-apart mechanism, decisive role being played by
faults and fault zones with major strike-slip movements. The tectonic escape of the Pelsó megaunit ended in the Egerian. The last basinal
structure genetically related to the escape was the residual short-lived Fiľakovo-Pétervásara Basin (Early Eggenburgian, about 2 Ma, Vass
1995). When the stress related to the tectonic escape of crustal segments relaxed, it caused significant horizontal rotation of the escaped as
well as adjacent crustal segments (Márton 1993, Márton et al. 1995). At the same time, the first manifestations of rifting due to the rising
asthenosphere and subsequent lithosphere extension took place in the back-arc area. Extension and transtension basins started to open in the
Pannonian area. In the Pelsó megaunit area, the process was complicated by pulsating vertical movements and last rotational movement of
blocks which set them into their present-day position. Further rifting continued mainly in the Pannonian area. At the end of the Miocene, due to
cooling of the Pannonian asthenolith, the rifting or tectonic-subsidence regime gave way to post-rift thermal subsidence when the thickest
sedimentary complexes (several thousands of metres) of the Pannonian Basin were laid down. In Slovakia, thick sediments of post-rift
deposition fill the Danube Basin.
A number of inner basins lie in the area between basins fringing the inner edge of the Klippen Belt and the Buda Basin or basins
superposed on it, i.e. the Fiľakovo-Pétervásara and Novohrad Basins. Some of the inner basins, those which are the closest to the Inner
Carpathian northern edge, have two-storey fillings (Buday et al. 1967). The earlier storey originated in pull-apart depressions due to oblique
convergence in the Outer Carpathians. The younger storey of the filling as well as all other basins, i.e. those situated amidst (intravolcanic
basins) and on the margins of the Central Slovakia Neovolcanics, were formed under direct influence of lithospheric extension caused by the
rising astenosphere. This basin-and-range structural type is controlled by normal and strike-slip faults (Nemčok & Lexa 1990, Hók et al. 1995).
According to Roth (1963) the Orava or Nowy Targ Basin originated as a result of flexure warping caused by the reverse overthrust of the
Magura unit onto the Klippen Belt and Inner Carpathians; it is therefore a retroarc-type basin. Steepness of the basin burial curves however
indicates pull-apart mechanism of the depression opening.
Neogene volcanics
Neogene volcanics present chiefly in central, southern and eastern Slovakia are part of a vast volcanic complex of the Carpathian arc
and Pannonian Basin. Their origin is related to subduction and backarc-extension processes during the Neogene evolution of the Carpathian arc
that at that time gradually collided with the European Platform edge (Lexa et al. 1993). As regards their spatial distribution, temporal evolution,
petrographic and geochemical composition, as well as relationship to principal geodynamic phenomena, the volcanics are divided as follows:
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1. Acid areal-type calc-alkali volcanics mostly of rhyodacite to rhyolite composition associated with backarc-extension processes. Their
activity started in the Early Miocene in northern Hungary, in the Slovak territory it is represented only by distal-facies tuffs in the Eggenburgian
formations of the South Slovakia and East Slovakia Basins. In the Middle Miocene, acid volcanism extended into central and eastern Slovakia
where it alternates with products of andesite volcanism. In central Slovakia, acid volcanics occur in the Early Sarmatian of the Poľana
stratovolcano and in the Late Sarmatian to Early Pannonian in wider areas of the Vtáčnik, Kremnické vrchy and Štiavnica stratovolcano. In
eastern Slovakia, a rhyodacite-tuff horizon is known amidst Early Badenian sediments, and rhyodacite to rhyolite extrusions, Late Badenian to
Early Sarmatian tuffs and Late Sarmatian rhyolites occur in the Milič and Zemplín areas.
2. Intermediate areal-type calc-alkali volcanics of andesite to dacite composition associated with backarc-extension processes. In
central Slovakia, their activity began in the Early Badenian by outpourings of hypersthene-amphibole andesites with accessory garnet. Virtually
coeval submarine volcanism of amphibole-pyroxene andesites of the Vinica Formation was activated along the Šahy-Lysec volcano-tectonic
zone in the Krupinská planina area. In the Early Badenian, contemporaneously with the first manifestations of extension tectonics, major
stratovolcanoes of pyroxene to amphibole-pyroxene andesites were formed in the southern tract of the territory in question, in a near-shore
marine environment (mainly pyroclastic volcanoes Čelovce and Lysec in the Krupinská planina, Javorie stratovolcano, Poľana stratovolcano,
stratovolcano in the Kremnické vrchy Mts., etc.). Further history of the above stratovolcanoes in the Early Badenian (Javorie) and in the Late
Badenian was dominated by erosion and creation of volcano-tectonic depressions, which were being filled with relatively more mafic rocks or
differentiated rocks. At the subvolcanic level, the evolution of these volcanoes involved the emplacement of intrusive diorite bodies and a fairly
large intrusive complex of granodiorites and diorites, granodiorite and quartz-diorite porphyries of the Štiavnica stratovolcano. Renewed
volcanism of pyroxene, amphibole-pyroxene and biotite-amphibole-pyroxene andesites during the Sarmatian gave rise to the upper structural
th
level of the Javorie volcano (Javorie Formation) and Štiavnica stratovolcano (formations of the 4 evolutionary stage) as well as to a multitude of
separate volcanoes in the Vtáčnik (Vtáčnik Formation), Kremnické vrchy (Remata, Flochová, Sielnica and Turová Formations) and Poľana
(Abčina and Veľká Detva Formations). The youngest manifestations of areal andesite volcanism in central Slovakia are Lower Pannonian
basaltic andesites in the Kremnické vrchy area (Vlčí vrch Formation and Šibeničný vrch Complex).
Erosional remnants of andesite volcanoes in the Rudohorie Mts. and Rimava Basin are equivalent to central Slovakia Badenian
volcanics. Areal-type intermediate volcanism in eastern Slovakia is limited only to the Milič and Zemplín areas and starts as late as the Upper
Badenian. The oldest volcanics are known only as pebbles in younger volcanics and sediments. The discontinuous Sírnik-Brehov-Plešany
Complex of pyroxene and amphibole-pyroxene andesites was formed in the latest Badenian to Early Sarmatian, and another discontinuous
comples of basaltic-andesite lava flows originated in the earliest Pannonian.
3. Intermediate arc-type calc-alkali volcanics, largely basaltic andesites and pyroxene andesites, exceptionally dacites closely
associated with subduction in the foreland of the Carpathian arc. Their close relationship with subduction is reflected by their linear distribution
parallel with the arc in defined segments stretching as far as northern Romania. The earliest manifestations of volcanism of this kind are known
in the Late Badenian, but it started in earnest as late as the Early Sarmatian in the Slanské vrchy Mts. and in the Transcarpathian Basin
(stratovolcanoes Šebastovka, Ščavica, Zlatá Baňa, Vechec, Rankovské skaly, Makovica, Strechov, Bogota, Hradisko, Bradlo, Milič, buried
volcanoes Malčice and Beša-Čičarovce). Another defined segment consists of diorite porphyries, amphibole-pyroxene andesites, and
exceptional andesites with garnet of Middle Sarmatian age in a line running from Kapušany Castle to Vinné. This segment may be equivalent to
intrusive andesite bodies in the Pieniny area, Váh Valley and near Uherský Brod which have identical petrographic composition but some of
them are demonstratedly of Middle Sarmatian age. The third, youngest segment is made up of andesite volcanics of Middle Sarmatian to Early
Pannonian age in the Vihorlatské vrchy (stratovolcanoes Kyjov, Sokolský potok, Vihorlat, Morské Oko, Diel and Popriečny).
4. Mafic alkaline volcanics, largely nepheline basanites to alkaline olivine basalts associated with a period of overall thermal subsidence
of the Pannonian Basin and isostatic readjustment in extensional regime. Present only in central and southern Slovakia, mafic alkaline volcanics
date from two periods. The first, ranging from the Late Pannonian to Pontian, includes occurrences in the Štiavnické vrchy Mts. and western
Lučenec Basin. The second, from the Pliocene to Pleistocene, comprises occurrences in the Cerová vrchovina Mts. and the youngest volcano
of this kind - Pútikov vŕšok near Nová Baňa.
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1ST DAY PROGRAMME
J. Janočko & M. Kaličiak

East Slovakian Basin - Tertiary Sediments and Volcanics
Geology
Košice basin comprises the western part of the East-Slovakian Neogene basin representing an epicontinental basin with complex
tectono-sedimentary history mainly reflecting interaction between the North-European Platform and Alcapa block. The basin gradually
developed from the relic Paleogene fore-arc basin with prevailing transpressional and transtensional regime in the Early Miocene to a back-arc
basin with prevailing transtension and extension in Middle and Late Miocene and Pliocene (Hudáčkova et al. 1996, Kováč et al. 1995, Vass et
al. 1996, Kováč & Zlinska 1998). The maximum thickness of the East-Slovakian basin fill exceeds 6 km, the thickness of sediments in the
Kosice basin is up to 2.7 km. The age of deposits in the Košice basin varies from the Early Miocene - Eggerian to the Late Miocene Pannonian. Generally, the sediments are getting younger southward. The oldest, Eggerian deposits in the Košice basin were only revealed by
the borehole Prešov-1 in the northernmost part of the basin. The Eggenburgian deposits are again concentrated in the northern part of the
basin. After depositional hiatus in the Otnnangian the Karpatian deposits are extended from the Prešov in the north to Durkov in the south. They
are represented by thin basal layer of coarse-grained deposits passing into shales with minor sandstones and distinct evaporite interval. The
Early and Middle Badenian deposits mostly consist of claystone and siltstone. The Upper Badenian deposits reflect major palaeogeographic
changes in the basin structure. They varies from gravel to sandstone and claystone. The deposits represent deltaic and shallow-marine
deposition. This type of environment, recorded by sandy sediments and fines, also prevailed in the Lower Sarmatian. At that time high influx of
water caused brackish environment which gradually passed into lacustrine and terrestrial one in the Upper Sarmatian and Pannonian. The
sedimentary succession in the Košice basin is capped by terrestrial, alluvial fan deposits in the southwestern part of the basin.
After a hiatus in the Pliocene, a new deposition commenced in the Quaternary. The interaction of the basin uplift and climate resulted in
formation of river terraces and alluvial fan development. Three distinct river valleys occur in the Košice basin - Hornád, Torysa and Olšava river.
In all these valleys several terrace steps were developed during the Quaternary evolution. The mutual relationship between the terraces and
alluvial fans suggests delicate interplay between the tectonics and climate during the Quaternary. The neotectonics of the basin may be related
to both older, pre-Quaternary faults (although many times the sense of the movement along the faults is opposite) and entirely new tectonic
deformation governing deposition of various segments of terrace steps and alluvial fans, thick slope deposits and formation of distinct
morphological forms.

Stop 1.1: Sandpit, Košická Polianka, south of Košice
Age: Early Sarmatian
Sediments: Stretava Formation
The first stop is at the sandpit in Košická Polianka village south of Košice. The route from the start point in Košice will follow the left
bank of the Hornád River. On the right-hand side we can see well-developed Middle Quaternary terrace step with base ca. 25 m above the
present river level. We would also like to attract your attention to the asymetry of the Hornád river valley with terrace steps on the western, righthand side and a steep slope on the eastern, left-hand bank of the Hornád river, which is composed of Early Sarmatian deposits. The
alternations of coarse-grained sediments (sand and gravel) with claystone are main triggers of frequent landslides on this steep slope. Another
factor triggering landslides is recent seismics.
The sandpit occurs on the southern side of the village Košická Polianka. In the pit, which only serves for local exploitation today, Early
Sarmatian deposits of Stretava Formation crop out.

General characteristics
The Stretava Formation was defined by Vass & Čverčko (1985) and reflects deposition in epicontinental, shallow-water basin with high
sediment input. They are separated from the underlying Late Badenian Klčovo and Lastomir Formations by a regional unconformity marking a
new sedimentary sequence. Faunistically they are marked by appearence of low-salinity foraminiferal fauna assemblage of the biozones
Elphidium reginum Grill 1941, Elphidium hauerinum (Orb.) and mollusc assemblage of Cerithium, Hydrobia and Ervilia (Zlinská 1997). The
formation prevailingly consists of mud and shales interbedded by sand and sandstone. Gravel wedges occur along fault-bordered margins of the
basin. The high sedimentation rate (390.8 cm/1ka, Král 1977, Vass & Bagdasarjan 1981) suggests an intense uplift of the basin hinterland
and/or basin subsidence resulting in high amount of sediment delivery.

Sediments
The gravel and sand are the major facies observable in the sandpit. Clay and silt represent minor part of the sediments. The gravel
facies are represented by massive, clast- and matrix-supported (Gm, Gms) gravels and by planar cross-bedded (Gp and Gf) and trough crossbedded (Gt) gravels. The sand facies comprise massive (Sm), horizontally laminated (Sh), trough cross-laminated (St) and ripple crosslaminated (Sr) sands. The mud facies mostly are faintly horizontallly laminated (Fl) and massive (Fm).
The gravel is composed of clasts derived from the Mesozoic and Paleozoic rocks surrounding the basin. The clasts are composed of
granitoids, metamorphic rocks, cherts, carbonate rocks, sandstones and conglomerates. Occasionally clasts composed of Neogene volcanic
(andesite, tuff) rocks occur. Most of the clasts are rounded and well rounded and probably represent at least second-order redeposits.
Clast-supported massive gravels (facies Gm) display a polymodal grain-size distribution with a poorly sorted matrix consisting of clay,
medium and coarse sand and granules. Mudstone rip-up clasts up to 100 cm in diameter occur occasionally together with other clasts
composed of the Mesozoic and Paleozoic rocks. Clast fabric measurements in selected beds show relative preferred clast orientation in the
NNE-SSW direction. The conglomerates form 10 to 50 cm thick, erosively based beds. The beds are often amalgamated and pinch out laterally.
Occasionally the gravel is normally graded.
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Trough cross-stratified sand (facies St) is coarse- to medium-grained with occasional occurrence of granules on the base of troughs or
floating in the sand. The troughs are up to 50 cm long and 20 cm high. The sharply based, about 30 cm thick beds occasionally pass gradually
to the ripple cross-laminated, medium- to fine-grained sand (facies Sr).
Horizontally laminated sand (facies Sh) is fine-grained. It is not possible to discern the individual beds of the sand; the intervals
composed of this facies are up to 50 cm thick.

Interpretation
The deposits consist of deltaic and shallow-marine deposits. The deltaic deposits, coalesced along the basin margin, are represented by
delta front deposits. These deposits were locally reworked by waves in shoreface environment and overlain by fines deposited in a low-energy,
probably offshore-transition zone. The presence of aggradational deltaic, shoreface and offshore-transition facies successions, separated by
erosional boundaries, suggests an overall sea level rise with superimposed falls during the deposition. This is also confirmed by transition of
deltaic deposits at the base of formation to the shoreface deposits at the top, observable on SP logs. The interpretation of seismic reflection
profiles shows that the formation is bounded by regional unconformities at the base and the top, suggesting that it forms a single seismic
sequence.

Stop 1.2: Andesite quarry, Ruskov village at the foothill of the Slanské vrchy Mts.
The locality occurs eastwards from Ruskov village (ca. 100 m from border of village), The quarry (500x300x100m) is situated near the
railway from Košice to Trebišov. Exposed are lava flows (Lower Sarmatian) of the Hradisko Stratovolcano, the Slanské vrchy Mts.
At this locality we can observe lava flows of the lower part of the Hradisko Stratovolcano (Kaličiak et al., 1996). This andesite
stratovolcano is situated at the southern part of the Slanské vrchy Mts., SW of the Bogota Stratovolcano, at the intersection of NW-SE and NESW running fault systems. The isolated volcanic structure creates morphologically expressive massif between the Ruskov saddleback on the
northside and the Slanec saddleback on the southside.
The lava flows make up the bulk of lower part of the stratovolcano. Individual lava flows are 20 – 80 m thick and on the southside are
covered by Lower Sarmatian sediments (Švagrovský, 1964). The volcanic activity of lava flows was radiometrically dating using K-Ar method.
The radiometric ages indicate formation of lava flows during Lower Sarmatian (13,6±1 Ma Bagdasarjan et al. 1971 and 12,3 Ma Ďurica et al.
1978).
Most lava flows have a character of blocky-platy lavas. Their basal parts are made up mainly of andesite with bedded jointing, which
grades into blocky jointing. Petrographically, the lava flows are composed of fine- to medium porphyritic pyroxenic andesites with hyalopilithic –
pilotaxitic texture of the matrix (partially recrystallized).

Stop 1.3: Beniakovce gravel pit, Torysa valley
Age: Late Badenian
Sediments: Klčovo Formation

General characteristics:
The Upper Badenian deposits are represented by Klčovo Formation in the Košice basin. The formation was defined by Vass & Čverčko
(1985). The sediments reflect shallowing and hyposalinity of the environment as a result of intensive progradation of several deltaic bodies from
the western and northwestern part of the basin. The faunistic assembleges are depleted and they are represented by Ammonia beccarii,
Porosonionion comunis, Elphidium sp., Virgulina schreibersi, Roussela spirulosa, Bulimina elongata, Ostrea digitalina, Cardium cff.andrusovi, C.
turonicum etc. In the Košice basin Kráľovce Tuff yielding radiometric age 13.9 Ma (Bagdasarjan et al. 1971) occurs at the base of the formation.
It is overlain by Varhaňovce Gravel composed of polymic gravel having clasts from the Spišsko-Gemerské Rudohorie and Čierna Hora Mts.,
sand and greenish clay. During the Late Badenian the basin deposition was accompanied by an important volcanic activity. It started by
explosive riodacite volcanism and followed by andesite volcanism.

Sediments:
The sediments at the gravel quarry, which at the date only serves for local purpose, are mostly composed of gravel representing a
member of Klčovo Formation called Varhaňovce Gravel. In the lowermost part of the quarry cross-stratified sand and gravelly sand occur.
Above the sand mostly clast-supported and minor matrix-supported gravel occur. The gravel is massive, trough-bedded and normally graded.
The bases of gravel is mostly sharp, only occasionally gravel bodies are channelized suggesting intensive erosion. This is also indicated by ripup clasts floating in sandy matrix of some beds. The gravelly beds in the lower part of the succession laterally pinch out or are amalgamated.
The upper part is strikingly different. The sharply based gravelly beds are thicker (up to 1 m) and laterally persistent. The clast imbrication
suggests general palaeoflow direction from west toward east.

Interpretation:
The sediments of Varhaňovce Gravel are thought to be deposited in deltaic and fan deltaic environment. The lower part of the
sedimentary succession in the quarry is interpreted as delta front deposits. The upper part of the succession probably represents deltaic plain
environment. The numerous boreholes at the western margin of the basin showed thick fine-grained, clayey deposits in the uppermost part of
the succession that presumably represent final part of the delta plain deposits.

2ND DAY PROGRAMME
A. Vozárová, J. Ivanička, P. Reichwalder, J. Spišiak, J. Soták, I. Broska & J. Hók

Slovenské rudohorie Mts. - eastern part
Gemericum - General characteristic
The region of Slovenské rudohorie Mts. - eastern part (Spišsko-gemerské rudohorie Mts.) belongs from the viewpoint of regionalgeological division of Western Carpathians (Vass et al. 1988) to the Gemer zone and it built by an individual tectonic unit denoted "Gemericum"
(sensu Andrusov et al. 1973). It represents the southernmoust tectonic unit of Inner Western Carpathians lying in nappe position on Veporicum;
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the boundary of thrusting coincides with the direction of the Ľubeník - Margecany line (confr. Andrusov 1958). Gemericum is formed by rock
complexes of three evolution cycles: the Early Paleozoic (Gelnica Group, Rakovec and Klátov Groups), the Late Paleozoic (Črmel and Ochtiná
Groups, Dobšiná Gr. and Krompachy Gr.) and the Mesozoic sequences. The new interpretations based on the detailed lithofacies studies of the
Late Paleozoic sequences led to division of the Late Paleozoicum envelope of the Gemericum into the Northern and Southern Gemericum units
(Vozárová & Vozár 1988). The Northern and Southern Gemericum units consist mainly of Paleozoic formations, i.e. of metamorphosed preCarboniferous complexes and Late Paleozoic syn- and post-orogenic formations, from the Mesozoic part of the envelope in both linking of the
Lower Triassic and Permian is evident only (with exception of some areas in the Stratenská hornatina and Galmus Mts.), the position of the
Triassic and Permian gives the impression of stratigraphic linking (Maheľ & Vozár 1971).
The Northern Gemericum (acc. Vozárová & Vozár 1988) is composed of metamorphosed pre-Carboniferous complexes (Rakovec
Group, Klátov Group) and Late Paleozoic syn- and post-orogenic formations, from the Mesozoic part of the envelope in both linking of the Lower
Triassic and Permian is evident only. It is a tectonic unit of volcanic-sedimentary formations reflecting subduction and collision processes of the
Variscan orogen. In the Northern Gemericum the Bretonic, Sudetic, Asturian folding phases and metamorphic events of Lower and Middle
Carboniferous ages are recognized. This is indicated by relics of fills of the Lower Carboniferous deposits containing olistholiths of serpentinized
ultrabasic rocks (Ochtiná and Črmeľ Groups, see Vozárová 1993) as well as of a peripheral shallow-marine Westphalian basin (the remaining
formations of the Dobšiná Group). These sediments were deformed by Variscan structures. The post-orogenic transpressional regime was
linked with the development of the continental Permian sequences (Krompachy Group). Some Upper Permian - Lower Triassic lagoonal-sabkha
formations were connected with the beginning of the Alpine cycle.
The Southern Gemericum is composed largely of Early Paleozoic volcanogenic flysch - Gelnica Group (Snopko & Ivanička 1978,
Ivanička et al. 1989, Vozárová & Ivanička 2000). This flysch was folded and to low-grade metamorphosed during the Late Variscan. The
formation of this flysch is connected with the active margin of a continent (Bajaník & Reichwalder 1979, Vozárová 1993). The South Gemeric
Early Paleozoic overlies an angular disconformity and is covered by a Permian continental rift-related sequence (Gočaltovo Group) prograding
during the Upper Permian - Lower Triassic to a lagonal or shallow-marine regime. This sequence is genetically connected with the beginning of
the Alpine development cycle.
Tectonic contact between Northern and Southern Gemericum is sharp pre-Alpine, probably Variscan very good documented by structure
analysis and according deep seismic profile G-1 crossing the Gemericum from South to North (Vozár et al. 1996) During the pre-Gosau period
these Northern and Southern Gemericum Units amalgamated to form a paleoalpine terrane that was overthrusted on the Veporicum.

Northern Gemericum: Early Paleozoic - Rakovec and Klátov Groups
The Rakovec Group is volcanic-sedimentary formation overlying the Gelnica Group. Contact between the two groups is dominantly
tectonic. In places of normal contact, superposition is evidenced by position and drilling operations. Original sedimentation was clayey-sandy,
associated with basic, sporadically acid volcanism (quartz porphyre, quartz keratophyre). Formation analysis shows that the volcanism is related
to spilite-keratophyre formation. Primary trend of volcanism was tholeiitic. Structural characters prove the subaqueous character of the
volcanism.
Because of the lack paleontological evidence we only presume the Middle - Upper Devonian stratigraphical range. The pre-Westphalian
age is indicated by fragments of rocks of Rakovec Group found in Westphalian conglomerates of the Rudňany Formation (Vozárová 1973). The
Rakovec Group consists of two large lithostratigraphic complexes (from the bottom to upwards): the Smrečinka and Sykavka Formations.
Presumable thickness of the Rakovec Group is 2500 - 3000 m.
The Klátov Group is a lithostratigraphic unit in the Northern Gemericum. Its typical feature is the presence of rocks metamorphosed
under P-T conditions of the higher-temperature amphibolite facies. Its contact with the epi-metamorphosed Rakovec Group is tectonic. These
rocks were formerly assigned to a single unit with low-grade rocks of the Rakovec Group, but Spišiak et al. (1985) defined them as a separate
rock suite.
The Klátov Group as part of the Northern Gemericum is dominated by amphibolites with minor gneisses, serpentinized spinel peridotites
(altered to antigorite serpentinites and their hydrothermal-metasomatic derivatives) and very rare Ca-silicate rocks. With regard to mineral assemblages and textural characteristics, Hovorka et al. (1992) speculate about possible occurrences of enclaves of amphibolitized eclogites. The
following mineral assemblages were identified: (1) in paragneisses: Bt+Alm+Pl (20-30)+Ms+Qtz+Hbl; (2) in amphibolites: Hbl+Pl (30-35)+Grt; (3) in
Ca-silicate rocks: Grt+Cpx; (4) in amphibolitized eclogites: Rtl+Grt+Cpx+Hbl (Bajaník & Hovorka 1981; Hovorka & Spišiak 1981; Hovorka et al.
1992). Geothermobarometric estimates indicate temperatures 550-630°C at medium pressure (Spišiak & Hovorka 1984, Faryad 1990). Pebbles
from this already metamorphosed complex found in Vestphalian conglomerates show its pre-Upper Carboniferous age (Vozárová 1973).
Geochronological data do not rule out also pre-Variscan age of the group (Cambel et al. 1990). Its metamorphic history was polystage, the
retrograde stage reaching P-T conditions of the low-pressure greenschists facies.

Characteristics of the Late Paleozoic lithostratigraphic units
The Črmel Group: It was distinguished as a complex of low-grade metamorphosed, mutually alternating sediments tholeiitic, low-K
basalts and their volcanoclastics, subsidiary acid volcanoclastics; carbonates and lydites. Mineral compatibilities as well as muscovite b0 cell
parameters refer to low-temperature green-schist facies of the low-pressure type.
The Ochtiná Group in the lower part almost exclusively consists of flysch-like dark-grey and black clastic sediments metaconglomerates, metasandstones, metapelites, interlayered with metabasalts and basaltic metavolcanoclastics. Rare rocks, found only in
thin layers, are block lydites and siliceous metapelites. Slabs of ultramafic rocks (? gravity sliding of oceanic crust fragments) indicated by
antigorite serpentinites have been reported. Sedimentary structures in this part of sequence indicate turbidity current flows and grain flows as a
transport system. A monotonous complex of dark-grey metapelites yielded microfloral assemblages indicating Upper Turnaisian - Viseán age
(Planderová 1982, Bajaník & Planderová 1985). Shallowing upward is a characteristic feature of the Ochtiná Fm. Sedimentation in shallowwater neritic and litoral environment followed. The top part of the Ochtiná Fm. consists of dolomitic shales, dolomite and magnesite. On the
basis of fauna content, mainly conodonts of Gnathodus bilineatus bollandensi, the age of the magnesite horizon has been specified as
uppermost Visean - Serpukhovian (Bouček & Přibyl, 1960; Kozur et al. 1976).
The Dobšiná Group: The Upper Carboniferous sequence in the Northern Gemericum begins with the Westphalian A-B. The
sedimentation may have been interrupted in the period of the Namurian B-C.
The Westphalian succession is related to collision setting started by the Rudňany Formation. Delta-fan and near-shore, coarsegrained, very often boulder - conglomerates are characteristic lithological member (Vozárová 1973). They contain metamorphic rock fragments
from pre-Upper Carboniferous crystalline complexes (Rakovec and Klátov Terranes in the sense Vozárová & Vozár 1993). Black shales and
micaceous grey sandstone intercalations are a common member of the upper part of this upward fining sequence.
The flora contents determined by Němejc (1946): Cordaites palmaeformis; Asterophyllites cf. grandis; Asterotheca miltoni; Neuropteris
schützei; N. gigantea; N. gigantea abbreviata.
The Zlatník Formation is a volcano-sedimentary sequence composed of clastic and carbonate lithofacies. It reflects deepening of the
Westphalian sedimentary basin, after initial rapid sedimentation. The Westphalian B-C age is indicated by rich trilobite fauna (Griffithides
rozlozsniki Rakusz 1932; Paladin sp. aff. eichwaldi, Fischer, 1825) and flora (Annularia stellata Schlöfth.) which comes from basal, mainly
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carbonatic levels (Rakusz 1932, Němejc 1946, Bouček & Přibyl 1960). The conodont Idiognathoides sinuatus found in the same horizon proves
the Westphalian A age (Kozur & Mock 1977).
Upper part of the Zlatník Fm. comprises fine-grained clastic metasediments associated with fine basaltic metavolcanoclastics and
scarce effusions of high-K tholeiitic metabasalts. Poor microfloral assemblage proved the Upper Carboniferous age, without accurate division.
Termination of the Westphalian peripheral basin is reflected by cyclic, paralic sequence of the Hámor Formation. Taking into
consideration the general palinspastic pattern as well as the sedimentary structures, the Hámor Fm. can be interpreted as a regressive
sequence, corresponding to pro-delta and delta facies. Poor microfloral assemblages proved the Westphalian D - Stephanian A stratigraphic
range (Ilavská 1961).
The Krompachy Group: The volcanic-sedimentary sequences of the Krompachy Gr. (sense Bajaník et al. 1981) reflect the postAsturian development of the northern part of the Gemeric domain. Following are the characteristic features of the Krompachy Gr.: 1)
multicoloured sediments with dominant violet and violet-red; 2) gradual fining upwards; 3) cyclicity manifested in sedimentary cycles of low and
high orders; 4) bimodal rhyolite-basaltic calc-alkaline volcanism. Vertically the Krompachy Gr. consists of three partial lithostratigraphic units the Knola, Petrova Hora and Novoveská Huta Fms.
The Knola Formation, as the basal part, contains coarse-grained polymict sediments of extremely variable thickness (from several tens
of m up to 350 m). They overlier unconformably different parts of both pre-Carboniferous complexes as well as the Lower and Upper
Carboniferous sequences.
The poorly sorted polymict conglomerates with great amount of fine violet matrix and bed stratification represent fossil mudflows, partly
water-reworked in some places. There are well stratified conglomerates, partly with imbricated pebbles and interlayers of mainly alluvial, stream
channel deposits. The pebble material reflects the composition of the direct underlier.
Volcanics and volcanoclastics of the bimodal magmatic association are the main feature of the Petrova Hora Formation. The
polyphase volcanic activity manifested regional and time relations to large sedimentary cycles. Sediments of the Petrova Hora Fm. are
characterised by: 1) lateral and vertical lithological changes; 2) lateral and vertical stratification; 3) distinct upward fining cyclicity in cycles of all
orders; 4) frequent erosive structures; 5) very often layers of intraformational conglomerates and brecia 6) abundant bioturbation structures, but
absence of fauna and plant remains; 7) low mineralogic and structural maturity of sediments; 8) mixture of syngenetic volcanic and non-volcanic
detritus in sediments.
The sediments of the Petrova Hora Fm. were deposited on alluvial fans in a bottom like-environment. Streamflood and sheetflood dominated fan associations are in narrow contacts with fluvial flood plain and playa associations.
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The age data are supported by isotopic analysis ( Pb/ U = 263 Ma; Pb/ U = 274 Ma in Novotný & Rojkovič 1981) as well as by
microflora from the uppermost part (the Saxonian according to Limitisporites moesensis (Grebel) Klaus; Vittatina div. sp.; Nuckoisporites
dulhontyi Klaus; determined by Planderová).
The main feature of the Novoveská Huta Formation is the existence of evaporite lithologic association and the absence of syngenetic
volcanic activity. The basal part of the Novoveská Huta Fm. consists of cyclically repeated, mostly fine- and medium-grained conglomerates and
sandstones. The polymict pebble material reflects the rejuvenation of source area, including the Permian volcanogenic horizons. The sedimentary environment is considered to be a sheetflood - dominated alluvial fan. This clastic member alternated with playa - shale member or nearshore sabkcha evaporite association. Episodic patches of alluvial fan sediments have been reported. Evaporite association comprises
dolomites, anhydrite, gypsum and scarce halite. The layers of intraformational breccia with dolomite-anhydrite matrix are frequent. Isotopic
analysis of sulphur shows results close to data on the Upper Permian - lower part of the Lower Triassic (Kantor et al. 1982). There are gradual
transitions up to horizons with Claraia clarai. It is an evidence of proceeding communication of the lagoonal-sabkha zone with open marine
environment.

Southern Gemericum: Early Paleozoic - Gelnica Group
The Gelnica Group forms in time as well as in space a substantial part of the Spišsko-gemerské rudohorie Mts. Paleozoic. It represents
Early Paleozoic evolutionstage and it is characterized by a complex of sedimentary and volcanic rocks. Its assumed thickness 4.500 – 8.000 m
as well as the mode of sedimentation are an evidence of this being flysch mesorhythmic sedimentation of sandstones and claystones with
alternation of individual flysch subformations. Flysch deposition is indicated by structural sings as well as vertical sequence of beds suggesting
that clastic detritus was transported by turbidity currents and/or downslope gravity slides. In the central parts of the mesorhythms it is
accompanied by synchronal acid, to a lesser extent also basic volcanism (paleorhyolites, paleokeratophyres, paleobasalts), which occurred in
several stages on various stratigraphic levels. The sedimentation becomes more varied in the upper part of the mesorhythms, due to sporadic
occurrences of carbonates and lydites. The thickness of the facies, the presence of lydites (radiolarites) and muddy limestones, the
uninterrupted sedimentation, the relatively well-developed Bouma intervals, the absence of large-scale cross bedding - these are all sings of
sedimentation in deeper throughs (Snopko & Ivanička 1978, Vozárová & Ivanička 2000). The age of Gelnica Group determined on the basis
paleonthologic studies (Snopková 1964, Čorná 1972, Čorná & Kamenický 1976, Snopková & Snopko 1979, Ivanička et al. 1986, 1989,
Vozárová et al. 1998, 1999, 2000) as well as on the basis of lead-isotope composition (Kantor 1962, Kantor & Rybár 1970) has a stratigraphic
span of Upper Cambrian to Lower Devonian. The Gelnica Group consists of three large lithostratigraphic complexes (from the bottom to
upwards): the Vlachovo Formation, the Bystrý potok Formation and the Drnava Formation.

Lithological feature of the Gelnica Gr.
The essential part of surficial occurrences of Early Palaeozoic complexes in the Alpine Southern Gemeric Unit is formed by volcanicsedimentary formations, which underwent regional metamorphism under pressure-temperature conditions of the lower part of greenschist
facies. The complex of these formations, designed under the name Gelnica Group was defined firstly and delimited regionally in the geological
map of the Slovenské rudohorie Mts., 1:50 000 - eastern part (Bajaník et al. 1984). The Gelnica Group is a megasequence of flysch sediments
that associates with the rhyolite-dacite volcanoclastic rocks (Snopko 1967, Snopko & Ivanička 1978). Acid to intermediate volcanism was highly
explosive, which resulted in the redeposition of a vast amount of volcanoclastic material into the original sedimentary basin through a system of
gravity currents. Within the Gelnica Group, the marginal and distal flysch facies were distinguished. In the distal zones, thin layers of dark lydites
developed besides the fine-grained siliciclastic sediments. On the basis of lithofacial analysis, three formations were defined within the Gelnica
Group from the bottom upwards: the Vlachovo Formation, the Bystrý potok Formation and the Drnava Formation.
The palynological analysis has proved an Early Paleozoic age of the Gelnica Group (Snopková 1964, Čorná 1972, Čorná & Kamenický
1976, Snopková & Snopko 1979, Ivanička et al. 1989), the problem, however, has remained its relatively wide stratigraphical age, ranging from
the Late Cambrian-Ordovician to Early Devonian. The new biostratigraphical data, based mainly on foraminifers of the family
Psammosphaeridae and Saccamminidae, proved the Ordovician – Early Silurian age of the Vlachovo Formation and the Bystrý potok Formation
sedimentary sequences (Vozárová et al. 1998).
Regional metamorphism of the Gelnica Group rock assemblages did not exceed low-pressure conditions of the lower part of the
greenschist facies (Sassi & Vozárová 1987, Faryad 1991, Vozárová 1993, Molák & Buchardt 1995). The age of this metamorphism has not
been radiometrically determined so far, but on the basis of geologic data (the occurrence of rock fragments from the Gelnica Group in Permian
conglomerates of the Gočaltovo Group) it is pre-Permian and the most probably Variscan.
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Diagnostic features of flysch sequence
A lithofacial analysis of the Early Paleozoic flysch complex of the Southern Gemeric Unit was based on the model defined by Mutti &
Ricci-Lucchi (1972). In spite of the low-grade metamorphism of sediments the majority of diagnostic sedimentary features of this complex are
remained, as a consequence of low-pressure type of regional metamorphism. Based on the mentioned sedimentary model the Early Paleozoic
turbidites were described in terms of seven lithofacies.
Facies A: The gravity transported deposits: debris flow full of a chaotic assemblage of brecciated blocks, derived from sliding or mass
flow and sandy/pyroclastic turbidites. Dominant are massive, thick and poorly sorted coarse-grained metasandstones and metapyroclastics. In
addition to gravity-displaced deposits, this continental slope assemblage all laterally prograde to thinner turbidites, represented by relative finegrained metasandstones and metasiltstones and rare metapelites.
Facies B: Thick to massive medium- to coarse-grained metasandstones, locally with parallel to undulating laminae. The most diagnostic
structure is erosional bases. Facies B is closely associated with facies A and intergrades with it. Both facies A and B appear to be produced by
rapidly moving turbidity currents that fill the feeder channels along the slope and the upper fan.
Facies C: It consists of classic turbidites. This facies is mostly medium- to fine-grained metasandstones with well-developed Bouma
sequence (Bouma intervals A-B, seldom A-B-C). The metasandstone beds are generally planar and laterally continuous. The beds are typically
30-70 cm thick and may be separated by thin metapelites partings. These sequences were deposited by the classical turbidity current
mechanism and is the dominant facies on the middle and outer fan.
Facies D: It consists of couplets of parallel-bedded, laterally continuous fine-grained metasandstones and metasiltstones and thicker
metapelites. The most diagnostic feature is the planar nature of the beds, which are typically 3-20 cm thick and show more lateral continuity
than facies C. Facies D appears to represent the lower velocity portion of the Bouma cycle (Bouma intervals B-E). It is results from low-energy
turbidity currents that left their coarse material behind. This facies is interpreted as deposits of lower fan.
Facies E: Thinner, irregular and discontinuous beds of metasandstones and metasiltstones, which alternated with metapelites. The most
diagnostic feature of thid sequence is higher sandstone-to-shale ratios and metasandstones with basal graded and structurless interval with
sharp upper contacts.
Facies F: It is represented by thick intervals of deformed chaotic deposits derived from sliding and mass flow.
Facies G: Thick massive metapelites, rarely with obscure continuous parallel bedding. These sediments are associated with horizon of
thin-bedded lydites and scarce small lenses of alodapic limestones (with preserved parallel or ripple lamination).

Interpretation and conclusion
The thick Early Paleozoic flysch sequence was deposited in deep-marine basin. A wedge or thick lens of siliciclastic sediments
associated with a huge mass of redeposited acid to intermediate pyroclastics and brecciated volcanites, which were accumulated along the
active continental margin ([referred to a chemical composition of volcanites – Vozárová & Ivanička (1996)), as well as according to detrital mode
of metasandstones and typology of detrital zircons – Vozárová 1993). The spectacular association of facies represent various parts of the
marine slope/rise complex graded to deep-sea plain. The slope and upper fan are composed of thick sequences of Facies G hemipelagic
metapelites that have been cut by slumps (facies F) and thick channels filled with facies A and B metasandstones, metaconglomerates and
metapyroclastics. The middle fan is characterised by smaller disthal fan channels filled with facies A and B, which are carved into planar
laminated turbidites of facies C, D and E. In the lower fan, the fan channels become very thin or have disappeared, so the sequence composed
mostly of facies C and D turbidites. Deep-sea plain assocition is dominated by thin, fine-grained facies D turbidites alternating with facies G
hemipelagites.
Bouma sequences display a series of sedimentary structures reflecting decreasing flow velocities, from graded beds to higher flow
velocity plane beds to lower flow velocity ripples and to finely laminated metasiltstones and metapelites. Slump deposits and mass flow debris
are also characteristic of this system, as are preserved certain types of sole marks. Pelagic organism, particularly benthic foraminifers, are
diagnostic, but they are very scarce.

Stop 2.1: Šugov valley, SSW of Medzev, Hačava sequence of the Bôrka Nappe
Locality is situated on the right side the Šugov Valley, oposite the reastaurant, about 2.5 km SSW of the Medzev. Surrounding area
between Jasov and Hačava villages is a type locality for several lithostratigraphic members and partila tectonic subunits of the Bôrka Nappe.
The Bôrka Nappe is thrust on to the southern margin of the Southern Gemericum (dominantly the Permian rocks of the Gočaltovo Group) and
tectonically is overlain by the Silicicum (from the Middle Triassic carbonates upwards). Internal structure of the Bôrka Nappe is very
complicated, formed by several tectonic slices composed of the Jasov, Bučina, Dúbrava Fromations and Hačava sequence (Mello et al. 1998).
Most of the Bôrka Nappe rocks are metamorfosed in the HP/LT conditions forming blueschists rocks association.
At the locality we are able to observe a discontinous rocks pile of the Hačava sequence. Its lower part is composed of carbonate rocks,
locally accompanied by the synchronous basic volcanics pointing to rifting and colapse of former carbonate platform. Carbonate rocks with basic
volcanics pass upwards into volcanic and volcanosedimentary upper part of the sequence (basic volcanics and non-calcareous fine-grained
clastic sediments) marking transition into oceanic depositional environment of the Meliaticum.
A lower calcareous part of the sequence consisting of palemarbles and locally accompanied in the lowermost part by a thin layer of
yellowish dolomite is represent in the abandoned quarry near the road.
Several impressive outcrops above the valley formed of the pale marbles interlayered with basic voclanics altered to blueschists are the
main objects of the excursion observations at this locality. Observations are focused on their structure and composition of the rocks, interrelation
of the carbonate sedimentation and volcanic activity and very complex deformational (compressive and axtensive) and metamorphic history.
The largest body of glaucophanites (basalts altered the blueschists) in the Western Carpathians (more than 3 km long and several
hundreds metres wide) outcrops to the west - Hačava village.

Stop 2.2: Profile of Stará Voda valley
A. 1 km South of Stará Voda village: metarhyolite tuffs - Vlachovo Fm.
During the sedimentation of the Vlachovo Formation intensive acid volcanism largely of extrusive character took place, the products of
which strongly disturb the overall symmetry of sedimentation. On this locality the metarhyolite volcanoclastics form massive bodies widespread
over large areas. The products of synchronal spilite-diabase volcanism are bound to the upper part of the acid volcanic bodies. Sedimentary
structures indicate redeposition under conditions of flysch sedimentation. Both petrographically and geochemically, this vulcanism corresponds
to continental magmatic-arc-type calc-alkaline trend.
Metamorphosed acid to intermediary volcanics and volcanoclastics, described formerly generally as porphyroids, are represented
mostly by vitreous varieties, in which phenocrysts constitute maximally 1/3 of the rick volume. Among the phenocrysts predominant are
magmatically corroded high-temperature quartz, acid plagioclases and K-feldspars, their crystal form being often of sanidine type. In varieties
with an affinity to intermediary composition, there is preserved above all biotite in relics. Rarely there have been determined "phantoms" after
amphiboles. The texture of these rocks is oriented, with a recrystallized and oriented original vitreous matrix, and often with pressure-deformed
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phenocrysts. The metamorphic mineral assemblage corresponds to the low-temperature part of the greenschist facies. It is represented by
quartz + muscovite + chlorite, accompanied by a small amount of albite or K-feldspar and biotite.

B. Stará Voda valley: metapsammites of the basal part of the Bystrý potok Fm.
The basal part of the Bystrý potok Formation is developed perfectly and there are large exposures of metasediments of the sandstone
lithofacies representing a typical flysch facies of the Gelnica Group. Basal members are represented by a complex of epizonally
metamorphosed coarse and medium-grained quartz graywackes with insignificant content of metapelites. This is thusa most typical flysch facies
corresponding to the distal subzone of the ortoflysch zone. Loccaly occurrences of small lenses of fine-grained metaconglomerates
(microconglomerates) represent the relics of ortopflysch proximal subzone. Metasandstones of the basal complex display good rhythmical
bedding. The thickness of the rhytms varies from 10 to 150 cm, while the complete succession of cycles in the sense of Bouma (1962) has been
preserved in places. Internal structural elements of psammites are represented by various types of graded bedding (simple graded bedding is
dominant). Toward the overlier it gradually passes into laminated bedding. Occasional diagonal laminated bedding is indicative of lateral
transport of material into the basin (from SE).
The coarse-grained sediments are fining up westwards and eastwards. Eastward of Zlatý stôl (elev.p. 1322) the continuous
sedimentation of clastic facies went on without interruption and submarine abrasion, with a tendency of the sediments gradually finer in vertical
as well as lateral direction. The sedimentation acquired arenaceous-clayi charakter and thinner, more varied sedimentary rhythms started to
appear. The thickness of the rhythms is 10 - 50 cm, in their upper part the rhythmicity disappears and fine lamination becomes predominant.
Quartz phylites prevail in the rock sequences over metamorphosed quartz graywackes; layers of various petrographic varieties of laminated
phyllites are frequent.

C. Široká dolina valley: metalydites - the lenses in the sericite-graphite phylites
The metalydites represent distinct lithostratigraphic horizons and mostly form lenticular intercalations in fine, siliciclastic metasediments.
The lenticles of lydites that associate with the horizons of fine-grained psammitic metasediments and the lenticles of allodapic carbonates that
associate with the dark phyllites and black lydites also occur. The lydite horizons proper are composed of groups of thin beds (thickness 5 - 10
cm) that have a massive or horizontally laminated structure. The rhytmically alternate with the black phyllites. These dark, or black rocks are rich
in carbonaceous pigment. The original sedimentary lamination in the microtexture of lydites is indicated by the alternation of relatively finer
grained bands of microgranoblastic quartz aggregate, associated with abundant carbonaceous pigment and small muscovite scales, with bands
of relatively coarser quartz aggregate depleted in carbonaceous pigment. Sporadic clastic grains of volcanogenic quartz and small oval or
rounded forms filled up with white, fine-crystalline quartz was observed in the texture. These represent the relic tests of microorganisms. The
lydite beds are interpreted as turbidites, with features similar to those of classic distal turbidites. The siliceous black shales, alternating with
black lydites, are interpreted as the upper units of lydites-schists (former chert-mudstone) pairs.
In the Bystrý potok Formation a rich foraminiferal association was obtained for the first time. The foraminifers occur as numerous
spherical tests attributed to several species of psamnospherids and saccamminids. From the lydites of these localities the coniform elements
and chitinous shields were extracted as well. The coniform elements can either be attribute to scolecodonts or to conodonts; the chitinous
remains should be derived from the arthropodan larvae.

D. Stará Voda valley: crystalline limestones - the lenses in graphite-sericite phyllites – Vlachovo Fm.
The strata with lens-shaped bodies of crystalline carbonates are present in all three beds of the Gelnica formation. Their occurrences
are concentrated in deposits of black slate facies, usually in upper parts of great cycles. At the presented site they are outcropped in the small
abandoned quarry. They form small lens-shaped body present in cryptostratified or fine-laminar graphite-sericite phyllites, with which they have
sharp-outlined or gradually passing contact. The conditions of their origin are probably bound to tectonic silence. Some of the recognized facts,
for instance carbonates altering with lydite, graded, laminar or oblique bedding, indicate that their present occurrences are most probably result
of a re-deposition (Alodapic limestones). The carbonates are light, gray and light-brown rocks with massive fine- to coarse-crystalline texture
and granoblastic to serrated structure. During their low-temperature metamorphosis the association of calcite + quartz; quartz + calcite +
dolomite ± talc were created. In lamina, originally consisting of clayey material, there were created association of sericite + graphite pigment with
low amount of chlorite. Their chemical composition matches limestones, dolostones and on other sites also magnesites, ankerites and siderites.
It is reflection of combination of their original composition and subsequent complicated diagenetic-metamorphic and metasomatic processes.

Stop 2.3: Road cut near Závadka village
In the road-cut between Nálepkovo and Závadka, two characteristic lithofacies of the Variscan late orogenic formations are exposed: the
conglomeratic facies of the Westphalian (A) and the Permian age (B).
A) In the quarry there are polymict boulder conglomerates of the Rudňany Fm. They rest unconformably upon the rock complex of the
Rakovec Group (Devonian? - Lower Carboniferous?). Petrographic composition of the pebble material reflects the character of its basement.
From conglomerates of the Rudňany Fm., 34 petrographic rocks types have been described. On this locality dominant are fragments of
metabasalts, metabasalt tuffs, with infrequent two-mica and garnet gneisses, amphibolites, metasandstones, phyllites and light-coloured
plagiaplites. The conglomerates are overlain by a complex of metamorphosed sandstones and phyllites of the Zlatník Fm. with thin volcanic
bodies of basalts and their tuffs. Conglomerates of the Rudòany Fm. were interpreted as delta-fan deposits.
B) Variegated, polymict conglomerates of the Knola Fm. forming the basal part of the Krompachy Gr. The Formation rests
unconformably on the rocks of the Zlatník Fm. The thick-bedded conglomerates are structurally and mineralogically immature. They contain
fragmentary material from Early Paleozoic formations of the Northern Gemeric zone and from underlying Upper Carboniferous formations. 15
petrographic types of rocks were described from the pebble material. The conglomerates are vaguely cyclical. Their lithologic character reminds
of alluvial fan environment.

Stop 2.4: Nálepkovo village: fine-laminated phyllites and metabasalt tuffites of the Sykavka Fm.
(Rakovec Group)
The Sykavka Formation (Bajaník et al. 1981) is a predominant constituent of the Rakovec Group that is a characteristic the Variscan
unit of the Northern Gemericum. Its most abundant lithologic types include metabasalts, metabasalt tuffs, tuffites and phyllites. Fine-grained
metasandstones occur sporadically. The effusive mafic rocks are interlayered with hematite phyllites and quartzose sandstones and with a
coeval magnetite-hematite mineralization. In a few places the phyllites and metabasalt tuffites are associated with thin carbonate beds or silicite
laminae. The thickness is estimated at 1000 - 1500 m.
There is a great rocky exposure of the sericite-chlorite phyllites with the layers of metabasalt tuffites. These two rock-types are dominant
of the metasediments of the Sykavka Fm., budujú hlavne jej the upper sequences. The phyllittes are grey-green coloured rocks with silky shine
on bedding/schistosite planes (S0=S1). The bedding planes are often deformed and sheared near perpendicular foliation (S2). The bedding
planes (S0) are parallel to schistosity (cleavage S1) and dipping steeply to the NW. The cleavage (S2 planes) dipping (30°) to the SE.
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The metamorphic mineral assemblage consists of sericite, chlorite, albite, epidote, quartz, calcite and accessories (mainly Fe-minerals).
The texture of the phyllites is lepidogranoblastic, of the tuffites is nematolepidoblastic.
In places (Rakovec, Hnilčík village) the metabasalts preserved their original volcanic structures, such as pillow lavas, agglomerates,
disintegrated lavas, fluidal structures. On the basis of their chemistry and rare-earths distribution, Bajaník (1976) defined the mafic volcanics as
island-arc tholeiites. Subsequent studies (Hovorka et al. 1988, Ivan et al. 1992, 1993) confirmed that the basalts have a clear E-MORB trend.
Regional metamorphism of these rocks had a polystage history, HP/LT in the first stage (Hovorka et al. 1988) and HT/LP in the second one
(Sassi & Vozárová 1992). Temperatures did not exceed the greenschist-facies values in either of these two stages.

Stop 2.5: Grajnár quarry
The volcanogenic horizon of the Zlatník Fm. crops out in the abandoned quarry. Generally the volcanoclastics dominate over effusive
forms. The volcanoclastics represent a range of mixed varieties, with variable admixture of non-volcanic detritus. According to their chemical
composition, the volcanics of the Zlatník Fm. correspond to tholeiitic basalts with affinity to E-MORB, or 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.
Shortening associated with thrust faulting caused the emplacement of the Zlatník Fm. rocks over the Permian sediments. Inside of the
Zlatník Fm., are recorder two events of folding. The younger (Neoalpine ?) normal fault exhumed the violet – coloured Permian strata.

Stop 2.6: Hnilec village
In the western part of Gemericum - Hnilec granite occurrences called as “Súľová ” is the approx. 2 x 1 km large granite body with strong
zonal structure: lower part is formed by the two-mica granite, upper is consisted by the middle-grained Ms granite, the highest part is build up by
the fine-grained greisenized granite. Greisens occurrences are in the apical endocontact parts and they form the 100-200 m bodies in length
and 30 m in high (locally even more) in vertical cross section. Greiseization caused zonal arrangement of the various types of metasomatites,
appearing in the greisenized elevation: 1. quartz zone (0.2 – 1.0 m) 2. zone of the ore quartz-micaceous greisens, 3. zone of the albitized finegrained granite together with lenses of ore greisens, 4. zone of the microclinized medium-grained granite (Grecula 1985). Tin being a main ore
and lithogenic element in gradual and regular change of facial zones and it has increased content towards the contact. The disseminated Sn-W(Li-Nb-Ta) mineralization is concentrated mainly in the greisenized cupola as well as in the albite-Li-mica-topaz granites (Drnzík 1982). The
surrounding rocks are presented by metasediments and metavolcanics as chlorite-sericite phyllites, quartzites, metabasalts and metabasaltic
tuffites of the Rakovec group.
Petrography: Hnilec two-mica granite is a medium grained rock consisting of hypidiomorfic, sericitised plagioclase (31 vol. %), and
perthitic K-feldspar (24 vol. %), quartz (37 vol. %) and muscovite (5 vol. %), less biotite (1 vol. %). To the main accessories belong tourmaline,
zircon, apatite, rutile and fluorite. The medium-grained Ms granite is formed generally by the plagioclase (33 vol.%), K-feldspar (25 vol. %),
quartz (34 vol.%) and muscovite (8 vol. %). Accessory minerals are represented mainly by tourmaline, zircon, apatite, flourite, cassiterite and
rare Nb-Ta-minerals. The fine-grained granite has the lowermost plagioclase (26.7 vol. %), and K-feldspar (12.5 vol. %) content, on the other
hand, the higher-most amount of quartz (44.7 vol %) and muscovite (16.6 vol. %). Zircon, uraninit, monazite, garnets Ta-Nb minerals are
predominanted in this type. The greissen is formed by quartz (60 vol. %) and muscovite (38 vol. %), locally the relicts of the plagioclases could
be identified. The clusters of tourmaline and the high cassiterite, topaz, fluorite, arzenopyrite, and pyrite content is typical. Tourmaline contents
generally increases to the top of the granite body.
Geochemistry: Alumina saturation index (ASI) of two mica granite varieties is 1.50 showing the strong peraluminous character in case
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of early-differentiated members of granites too. The S-type character emphasises high initial Sr/ Sr ratio 0.7119 (Cambel et al. 1989). The
REE normalized pattern is with significant Eu-negative anomaly (Eu/Eu? 0.02), Rb content range form 200 to 900 ppm depending on the
diferenciation level. The high content of Fe and Al in biotite is typical along with increasing of Sn and low content of MgO (3-4 wt. %) and TiO2
(2.5 –3 wt. %). The increasing of Rb in micas decreased their fluorine content (Rub et al. 1977). The greisens contain cassiterite with low Nb, Ta
content (< 1 wt. %). The most widespread Nb-Ta phase there are in form of ferrocolumbite to manganocolumbite, W-rich ixiolite and qitianlingite.
Minerals of wolframite series are presented too (Uher et al. 2001).
The presence of the phosphorus in alkali feldspars in the Hnilec granites is joined with the high peraluminosity of the melt (ACNK > 1.2)
when P behaves as incompatible element. Phosphorus precipitates in late magmatic apatite as well as in alkali feldspar. The concentration of P
in alkali feldspars increase from the medium- to fine-grained granites corresponds to the increasing of Al activity in the melt. The high hosphorus
in alkali feldspars are reported from the all evolved peraluminous granites including tin bearing types (Frýda & Breiter 1995, Breiter et al. 1997,
1999, Breiter 2001). The incorporation of P to the feldspars is known as berlinite substitution, where berlinite, AlPO4, is isostructural with the
Si2O4 framework component of feldspars (London et al. 1990, London 1992, 1998). The influence of the phosphorus on silicate melt structure is
well known and it has the effect of depolymerising melts, which results in a lowering of the melt viscosity (Mysen et al. 1981). The M-PO4
complexes occur in the melt as a result of metal cation transfer from non-bridging oxygens in the silicate portion of the melt structure, whereas
the ratio of non-bridging oxygens to tetrahedral cation (NBO/T) is decreased. Coupled with enrichment of volatile elements (such as H2O, F, B)
in the fluid phase, this decrease in the melt viscosity has the effect of mobilising and concentrating elements such as Sn, Nb, Ta in the cupolas
of granite massifs, which locally show the fluid-element saturation together with albitization and greisenization. This process fully operated also
in the cupola of the Hnilec granite body and resulted in evolved tin mineralization.
The age of Gemericum granitoides has a long been discussed-for and despite the wide range of radiometric data available, this
question has not yet been satisfactorily resolved. On the surface the granitoides form only small apical bodies that predominantly penetrate
successions of the Early Paleozoic Gelnica Group. Only in small occurrences in the Hnilec valley are they situated in the basal parts of rock
successions of the Rakovec Group. The only granitoid body that penetrates the tectonic contact between rock complexes of the Gelnica and
Rakovec Groups occurs in the Súľová area.
Granitoid bodies are predominantly situated in rock complex of pre-Alpine basement of Southern Gemericum that is formed by metavolcanic-sedimentary successions of Gelnica Group. The rare occurrence within pre-Alpine basement of the Northern Gemeric Unit, and the
penetration of tectonic contact of both units by a granitoid body, are highly significant. The direct contact is not overlapped by post-Variscan or
by post-Alpine cover sediments. For this reason resolving of age problem of the Gemericum granites can resolve the problem of amalgamation
of both tectonic units (? Alpine or ? Hercynian). Data originating from structural analyses and analyses of development of Late Paleozoic
deposition basin support rather their Alpine age, because the polarity of Hercynian orogenesis derived from Carboniferous-Permian
development of deposition basins supports the southward vergency (Vozárová 1996, Vozárová & Vozár 1996). This is in contradiction with
presently inferred north-vergent structures in both units and in their tectonic contact.
In cover of particular granitoide body there are contact aureoles with characteristic zoned distribution of mineral associations that
depends upon distance from the contact (shown on the geological map of Bajaník et al. 1984). It is important to emphasise that minerals formed
in contact aureoles of granitoids are younger than the development of the last cleavage, what is valid of both tectonic units. These geologic
observations have been the main reasons why these granitoides were previously held to be of Alpine ages.
Brief summary of isotopic dating
The first studies of the stratigraphic classification of the Gemericum granites led to given conflicting opinions about their intrusive ages
ranging from Carboniferous to Cretaceous. Since the dating of potassic feldspar from the Betliar granite-porphyry by K/Ar method (98 Ma, Kantor
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1957), a Cretaceous age has been preferred. The following investigation indicated that the problem is much more complicated. Next K/Ar dating
confirmed Alpine ages: 70 Ma at the Poproč site (Bojko et al. 1974); 87 Ma on Zlatá Idka site (Bagdasarjan et al. 1977); 141 Ma on the Čučma site
(Bagdasarjan et al. 1977). Kantor and Rybár (1979) published many of K/Ar data from various bodies of Gemericum granites and in a case of
muscovites they found that values range from 241 to 141 Ma. From this range the authors have concluded that the Gemericum granites were
polyphased. Rb/Sr data (Kovach et al. 1986, Cambel et al. 1989) gathered from whole rocks and separated minerals (mainly muscovites and
biotites) also documented considerable scatter of WR data and mineral isochrons of particular bodies (for instance Hnilec 290±40 Ma, Betliar
272±40 Ma, Podsúľová 145±6 Ma). Permian ages gained from Rb/Sr whole rock isochrons were confirmed for Hnilec and Betliar granitic bodies with
a higher precision by U, Th – total lead determination through the use of a microprobe on monazites (Finger & Broska 1999).
The new dated samples acc. W. Frank
Samples of newly formed amphibole and white mica (paragonite) that occur in epidote-chlorite schists (meta-basaltic tuffites) and finegrained sandy metapelites of the Smrečina Formation of the Rakovec Group were separated from contact aureole of the Súľová granite. Both
samples were taken from Northern Gemeric basement.
The sample G-11A was taken from metabasaltic tuffites (site on left slope of Hnilec river, about 700 m northwest of the railway station
Delava), in which an association of regionally metamorphosed minerals occurs. These consist of chlorite + epidote, albite, actinolite, calcite,
quartz.
These minerals form fine-grained, markedly alined up aggregate, complexly deformed by transverse cleavage. In this fine-grained
structure there are omnidirectionally oriented long-columnar crystals of green amphibole that were separated for radiometric dating.
Metabasaltic tuffites alternate with chlorite-muscovite phyllites in which unoriented crystals of light brown biotite occur.
Sample G-13 was taken from the contact of fine-grained metasandstones and sandy metapelites with granitoide body, about 1 km NNW
from the Súľová ranger's cottage, from a slope above the forest road. Fine-grained metasediment with a strong lineation contains two mineral
associations. The one is a regional metamorphic mineral association consisting of quartz + muscovite + chlorite. The second and younger
lineation consists of thicker crystals of white mica (paragonite) + quartz + tourmaline + plagioclase. For the radiometric dating the white mica
was separated.
Results
The samples were dated by standard method that is recently used in the laboratory of GEOZENTRUM, Vienna. In Table A.1 and A.2 the
basic analytic data from the sample of recrystallized amphibole G-11A and white mice are presented.
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Tab. A.1: Analytic data from the sample of newly formed amphibole G-11A
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Tab. A.2: Analytic data from the sample of newly formed white mica (paragonite) 171/13.
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The ages Ar/ Ar obtained from both minerals are partially different, although the Ar/ Ar age of paragonite degassed in one step is
similar (140.5 Ma) to the apparent ages in low temperature steps of sample G-11A. These data are almost concordant with the youngest Rb/Sr
ages. These data emphasise the importance of the remarkable Alpine event that can be interpreted in such different ways:
If we understood the transversal minerals in vicinity of the bodies as manifestation of their contact influences, then the granite from
Súľová site could be considered as an Alpine one. However, this inference is negated by the fact that the body in Súľová area was until now
considered to be a part of the Hnilec body that was dated at Permian by the Rb/Sr whole rock analyses and separated mineral analyses
(Kovach et al. 1986) and U/Th, Pb method in monazite (Finger & Broska , 1999). But the Súľová and Hnilec bodies are separated from each
other at the surface, although their interconnection under the surface was always assumed. A very important fact supporting the Alpine age
interpretation of the granitoid body that occurs in ridge part of Súľová is 145 Ma Rb/Sr age that has been generally interpreted as age of Alpine
overprint (Kovach et al. 1986; Cambel & Kráľ 1989). The congruity of the older dating with the new mineral Ar/Ar dating is significant. This
determination shows that the observed radiometric ages confirm an Alpine age of intrusion of the granitoid body in Súľová, with respect to the
fact that the granitoids do not bear signs of dynamic-metamorphic reworking, and minerals in contact aureole are randomly oriented i.e., postcleavage. In that case we should suppose that in the Gemericum zone the granitoides to two separate magmatogene events (Late Variscan and
Paleo-Alpine).
Newly formed transversal amphibole and paragonite are not genetically connected with granite intrusion, they are products of
hydrothermal changes connected with significant Alpine temperature event. It would mean that the total Alpine reworking is the most significant
along the contact of two pre-Alpine basements. One possibility of interpretation is that the thermal flow was caused by infracrustal movements
40
39
during the amalgamation of northern Gemeric and southern Gemeric basements and therefore our data gained from Ar/ Ar dating indicate an
Alpine age of this event.
The new Ar/Ar dating evoked new questions in the problem of dating the Gemericum granitoids. A reliable solution of this problem calls
for the verification of mineral ages of contact aureole of other apical bodies, i.e., those that are situated directly in the south Gemericum
basement.

Origin and geotectonic position
On the basis garnet study of the Gemeric granites originated in the depth more then 21 km under pressure 850 MPa and the
solidification were estimated in the 7-5 km depth (Faryad & Dianiška 1989). The high boron concentration so typical for the Spiš-Gemer granites
could be explained by enrichment of their primary melts by boron from the volcanic emanation which operated in the deep fault systems or rifts
during Permian period. The Spiš-Gemer granites may have resulted from the melting triggered by increasing heat flow from the mantle below
the continental crust, during the post-collisional extension of the Variscan orogen. The rifting process which opened the Meliata-Hallstadt ocean
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in Triassic, could have been a thermal source for melting of the Gemeric granites (Broska & Uher 2001) what evoked former contact of the
Gemeric terrain with Meliata ocean (Plašienka 1999).

3RD DAY PROGRAMME
J.Mello, M. Havrila, J. Madarás, D. Plašienka, M. Kováčik, V. Bezák, M. Kohút, Ľ. Hraško, I. Broska, F. Marko, I.
Petrík, M. Ondrejka & P. Uher

Slovenské rudohorie Mts. – Stratenská hornatina highlands, Muránska planina plateau,
Stolické vrchy Mts. and Veporské vrchy Mts.

Post – nappe formations – Gossau
Stop 3.1: Dobšiná Ice Cave
An Upper Cretaceous post-nappe conglomeratic sequence overlying Triassic carbonates of the Stratená nappe is outcropped in the
railway cut near the Dobšiná Ice Cave. Alterating irregular bodies of conglomerates, sandstones and red shales of Senonian age are
comparable to the Alpine Gosau formation. Conglomerates contain pebbles of Triassic carbonates, Jurassic radiolarites and mafic volcanic
rocks of "melaphyre" type. However, in some nearby outcrops there are also conglomerates, which contain dominantly serpentinite clasts, then
gabbroic rocks, dolerites, oceanic basalts, calc-alkaline rhyolites, glaucophanites, Triassic radiolarites and limestones (Hovorka et al. 1990).
Apparently, these conglomerates contain the only complete ophiolite suite in the Western Carpathians. The reconstructed rock sequence
resembles the Meliata unit of the Inner Carpathians, where Triassic ophiolites are tectonically dismembered. The source area of conglomerates
is still a matter of discussion. Brittle faulting seen in the outcrop can be partitioned into three deformation stages:
- the oldest deformation stadium is characterized by the NE-SW compression accomodating overthrust faults, which are gradually
transformed into lateral shifts due to subsequent vertical stacking;
- during the second deformation stadium dominated the oblique overfaults directed to the N-S, beeing associated with lateral
movements of the NW-SE and NE-SW direction;
- the third and last deformation stadium displays extensional tectonics, mainly expressed by NW-SE directed normal faults concominant
with formation of extensional veins and fracturing of pebbles.
In contrast to the results of other workers (Marko 1993, Nemčok et al. 1993), the absence of the compression of NW-SE direction is
supposed. This compression could have been related to overthrusting of the Mesozoic nappes, eventually to their gravitational gliding (Tab. 1),
thus proving clearly the postorogenic setting of the Late Cretaceous beds.

Veporicum unit and higher nappe – Silicicum
Stop 3.2a: Telgárt, the Szin Formation – Scythian of the Silicicum (s.l.?)
Opposite to the détour to the railway station in the cut above the road we shall see an alternation, about 40 m thick, of layers of sandy
limestones, marlstones, shales and in places also sandstones. The colour of beds is greyishgreen, only locally also purplish beds are still
wedged in. The monotonous structure is diversified by slump bodies of decimetre dimensions, brecciated and lumachelle layers and moulds of
various traces at the lower side of the bedding planes.
It is the higher part of the Werfen Formation that is correlable with the lower part of the Szin Formation (sensu Kovács et al., 1989 and
Roth, 1993), previously designated as the “Campilian“ beds. A similar identical formation from the Silicicum was described by Hips (1996, 1998),
Fejdiová & Salaj (1994) and Koša & Janočko (1999) he Glac nappe not far away. According to them there is a product of sedimentation on a
low-angled, storm dominated, mixed siliciclastic-carbonate ramp.
The Early Triassic formations are here a part of the Vernár or Muráň nappe (according to Havrila the so called lower Muráň nappe),
which was pushed (or slid down) to the region of the Veporicum on an evaporite pillow and/or a sliding plane of the Perkupa Formation (it was
drilled by several boreholes near Pusté Pole, 5 km NE of this locality). The appartenance of the sequence to the Silicicum is, however, not
accepted unambiguously, for instance, Havrila (in Mello et al. 2000, p. 189–194) ranges it to the Silicicum s.l. and/or to a unit transitional
between the Silicicum and Hronicum (if we take into account also the Middle and Late Triassic formations, it has much more features common
with the northern Silicicum than with the southern Silicicum in the region of the Slovak Karst and Aggtelek Karst).
Although on the basis of Early Triassic formations it is usually not possible to draw significant paleogeographical-tectonic conclusions,
nevertheless, it is worth mentioning that here the Werfen Formation is characterized by the presence of thick masses of quartz porhyries, a
fact neither known from the Hronicum, nor from the southern areas of the Silicicum. They are still known from the (lower, sensu Havrila, l.c.)
Muráň nappe and Drienok nappe in Central Slovakia, which also according to Havrila (l.c.) should belong to this transitional unit and/or the
Silicicum s.l.
Between the Veporicum and Silicicum in a wider area are wedged in remnants of further tectonic units: the Hronicum and Gemericum,
possibly Turnaicum and also the occurrence of the Meliaticum could be expected, this, however, has been proved unambiguously only S of the
Muráň Line so far (Havrila & Ožvoldová 1996), N of it the appartenance of some occurrences to the Meliaticum is questionable (Vojtko 2000).
The geological structure of the surroundings is complicated Maheľ (1986) designated it as the so called Vernár knot or Švermovo
throat], however, very instructive for understanding of the geological structure and processes, which took place in the Central and Inner WC.
The Paleoalpine structure with original piling up of nappes was namely modified and reworked by further processes. In the subsequent
transpressional and transtensional regime sinistral horizontal shifts took place along the Muráň Fault, but also other strike-slip faults, backward
upthrusts and fan-like structure formed, there were updoming and unroofing of crystalline massifs and their cover north and south of the Muráň
Line (compare Hók et al., 1993; Madarás in Mello et al., 2000, p. 179).
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Stop 3.2b: Telgárt, lower Triassic potasium-rich rhyolites of the Silica unit
Petrography and mineral composition
Mentioned rocks reveal common features of acid volcanics. The texture is porphyric with granolepidoblastic, locally microfelsic
groundmass. In some cases, also fluidal texture occurs. Phenocrysts, 2-4 mm in size, are represented by corroded bipyramidal β-quartz and
euhedral alkali feldspars. The feldspars are commonly replaced by chessboard albite or fine-grained white mica aggregates (Uher et. al. 2002).
The groudmass consists of very fine-grained aggregate of quartz, feldspar, white mica, hematite pigment, rarely biotite, chlorite and
accessory zircon, EDS analyses reveal also rare monazite-(Ce), xenotime-(Y), rutile, ilmenite, magnetite and barite. Microscopic hydrothermal
veinlets of quartz are locally common (Uher et. al. 2002).

Chemical composition
Generally, the investigated volcanic rocks are enriched in Si (72.8 – 77.2 wt.% SiO2) and especially in K (4.9 – 8.7 wt.% K2O) and
depleted in Ti (0.08 – 0.30 wt.% TiO2), Mg (0.09 – 1.0 wt.% MgO), Ca (0.03 – 1.1 wt.% CaO), Na (0.19 – 2.8 wt.% Na2O) and P (0.01 – 0.11
wt.% P2O5). Na2O + K2O vs. SiO2 diagram (Middlemost 1985) discriminates the studied rocks into rhyolite (Fig. A.1).
Fig. A.1: TAS diagram (Na2O + K2O vs. SiO2) of the volcanic rocks of of the Silica unit (Uher
et. al. 2002).

Remarkably high potassium and low calcium and sodium contents resulted in their designation as potassium-rich rhyolites. Despite of
relatively low Al contents, due to depletion in Ca and Na, the rhyolites are peraluminous with A/CNK = 1.15 to 1.7 (Fig. A.2). High Si contents
connected with low Mg and Ca caused anomalously high R1 parameter and very low R2 parameter in R1-R2 multicationic diagram (Batchelor &
Bowden 1985) with a trend concordant with anorogenic magmatic suites (Fig. A.3).
Fig. A.2: A/NK vs. A/CNK diagram of the rhyolites.

Feldspars composition
Electron microprobe analyses of alkali feldspar phenocrysts from the Poniky rhyolites revealed three distinct phases: (1) K>Na alkali
feldspar (Or55-65Ab35-45An~01), (2) nearly pure K-feldspar (Or90-99Ab01-10An00-02), and (3) albite (Ab90-100Or00-10An00) replacing primary K-rich
feldspars. The feldspar crystals are compositionaly homogeneous without distinct changes from center to rim of the crystals. Primary
plagioclase is not identified in the studied K-rich rhyolites probably due to low Na and Ca contents in the magma (Uher et. al. 2002).
Trace-element geochemistry shows a slight enrichment in Rb, Zr, Y and REE, depletion in Sr, Ba and V, as well as eleveated Rb/Sr
and Ga/Al ratios which are typical for alkaline – rich (A-type) post-orogenic and anorogenic silicic magmatic suites (cf. Whalen et al. 1987). The
A-type tendency is evident also in chondrite-normalised REE distribution; the chondrite-normalised curves show characteristic pronounced
negative Eu-anomaly and slightly LREE enrichment (Fig. A.4) (Uher et. al. 2002).

Zircon typology and composition
Zircon typology method (Pupin 1980) exhibits types and subtypes typical for hot and dry alkali magmas: mainly P4-P5 and D. Such
zircon morphology indicates a temperature of zircon crystallization between 800-900±50 °C (cf. Pupin 1980). These results are in concordance
with a zircon saturation temperatures (TZrn) calculated from bulk-rock chemical composition (Watson & Harrison 1983): the TZrn = 820-845 °C for
the Poniky rhyolites and 895 °C for the Telgárt rhyolite (Uher et. al. 2002).
BSE shows slightly oscillatory zoning of zircon, locally with small inherited (?) oval core. EMPA reveals Hf contents common for
continental crustal granite zircon. Contents of Y is slightly elevated, concentration of other elements (P, U, Th, REE, etc.) is below of the EMPA
detection limit. Profils across zircon crystals do not show distinct variations of Zr, Hf and Y contents nor systematic Hf enrichment in rims of
zircon crystals (Uher et. al. 2002).
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Fig. A.3: R1-R2 diagram (Batchelor & Bowden 1985) of the rhyolites.

Fig. A.4: REE/chondrite normalised diagram of the rhyolites. REE chondrite values after
Taylor & Mc Lennan (1985).
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Stop 3.3: Muráň quarry
A) Muráň fault
Muráň fault represent the tectonic boundary between the crystalline rocks of the Veporic unit and Mesozoic sedimentary rocks of the
Muráň nappe (Silicicum unit).
On the right corner of the dolomitic quarry a rarely seen cross section of the Muráň fault is exposed. The Muráň fault is one from the
most distinctive steeply dipping disjunctive structure in the Western Carpathians, very apparent from geological maps (Fig. A.5), well expressed
in geomorphology, as well as in the remote sensing images. The zone of the Muráň tectonic system together with parallel linear boundaries is
evident as a pronounced feature also in geophysical data (c.f. Pospíšil et al., 1989).

Fig. A.5: Today fault pattern in the Veporic Unit (after Marko 1993) 1 – Neogene sediments; Neogene volcanites; 3 – Paleogene sediments; 4 – Mesozoic and Upper Paleozoic
units; 5 – Lower Paleozoic complexes of the Gemeric Unit; 6 – Hercynian crystalline complexes; 7 – Strike-slip; 8 – overthrust; 9 – reverse fault; 10 – disjunctive contacts; 11 –
mesoscale fold axis. Explanation to fault names: Ce – Čertovica f.; Di – Divín f.; Ma – Málinec f.; Mu – Muráň f.; MyTi Mýto – Tisovec f.; Po – Pohorelá f.; Vy – Vydrovo f.; Zd. –
Zdychava f.

History of the Muráň fault is complex. It was long living structure with kinematical fluctuation in time, confirmed by mictotectonic
investigations along fault zone (c.f. Marko, 1993). Slickensides with striae measured here indicate, that the Muráň fault behaved as a strike –
slip or oblique – slip fault during most of its „life“. Sinistral shearing was the kinematically most important movement along the fault zone, where
Mesozoic and crystaline units became juxtaposed. Just in this area our outcrop is situated, where juxtaposition of the Muráň nappe (Upper
Triassic - Ladinian to Karnian dolomite) with southern part of the Veporic superunit (orthogneiss – amphibolite of the Muráň complex) and
internal fault fabric separating these units are directly visible (Fig. 2). The contact (fault) zone is filled with 2 m thick clay, strongly foliated,
paralelly with the fault zone. Unfortunately, no striae within gouge were observed to be able recognize the fault kinematics, but in neighbouring
crystalline, as well as in the dolomites, we have found a lot of strike – slip slickensides subparallel to the Muráň fault. Dolomites near the contact
with crystalline rocks are crushed, altered to a powder; crystalline rocks are mylonitized and faulted.
Lowermost age limit of the Muráň fault activity at this site is given by the Albian – Cenomanian age of the Mesozoic Muráň nappe origin.
Uppermost age of the fault activity is limited by the age of the superposed dolomite breccia with iron oxide rich matrix, which is not disturbed by
the fault. This breccia is regarded – after biostratigraphic study as the Quaternary (Middle Pleistocene) slope sediment (Ložek, 1960).
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Fig. A.6: Field sketch of Muráň fault zone in
Muráň quarry (Marko, orig. fig.)

B) „Muráň” orthogneisses
The Muráň fault truncates the basement, represented at this site by orthogneiss rock-complex, and the Mesozoic of the Muráň plateau
in the north. From the south the orthogneisses are confined by gneissic-micaschistose rock-complex (for details see Stop N° ). The widespread
rock type represents light-coloured, pinkish toned rock with mostly foliated coarse-grained structure. This lithologic type was attributed to an
older pre-kinematic period of granitic magmatism - labelled as orthogneisses (Zoubek, 1932), which were later designated as “Muráň granitegneisses” by Klinec (1976). On the contrary, Kamenický (1973) and Hovorka et al. (1987) stressed a prevailing rhyolitic protolith of these rocks.
Intercalations of amphibolitic rocks, biotitic gneisses and locally garnet micaschists are integrated with leucocratic orthogneisses.
The basic light coarse-grained orthogneiss consists mainly of quartz, albite and K-feldspar, which is usually porphyric. Generally, these
lithotypes are poor in micas content, but fine phengitic muscovite and/or biotite of extreme ferruginity (e. g. M/MF = 0.15) are rather
symptomatic. The peculiar accessoric minerals are allanite, magnetite and tourmaline. Indicative, but not prevalent lithotype, is represented by
light, non-porphyric finer grained rocks designated as leptynite (± garnet), which could be constituted from acidic tuffs and/or rocks of dacitic
(rhyodacitic) composition. As to question of the “Muráň” orthogneiss protolith it is preferred the conception about the acid paleovolcanics, but the
widespread coarse porphyric orthogneisses of a granitic shape can be likely attributed to concomitant granite porphyries. Expected initial whole
87
86
rock Sr/ Sr ratios are estimated at about 0.718 for foliated biotitic orthogneisses and 0.714 for porphyric orthogneisses (Kráľ in Kováčik et al.
2001). These preliminary isotopic data indicate age of Sr isotopic homogenization at about 420 Ma, suggesting the time of syndepositional
magmatism.
The “Muráň” orthogneisses are supposed to represent the lowermost part of the basement rock pile in this area. The contact selvage
between them and gneissic-micaschistose horizon is also characterised by increased abundance of amphibolitic bodies and fine-grained light
leptynites in the upper parts of orthogneiss rock-complex. Thus, the later Hercynian tectonometamorphic structures are frequently based on
original lithological relations in the Lower Paleozoic environs. Analogously, the dominant W-E directed Alpine deformation copied a lot of the
older structural inventory. The predominant constraints of Hercynian regional metamorphism are identified as lower to middle amhibolite facies.
The peak conditions of the Hercynian metamorphism can be related to a partial melting of rhyolitic material. In places, the ductile deformation
produces leucocratic coarse melt (Fig A.7) reminding haplogranitic eutectic system of solidus temperature at about 620-650°C. The temperature
of the Alpine regional metamorphism of the investigated area was estimated at about 500°C (Kováčik et al. 1996), locally even higher (Alpine
age rejuvenization - Fig. A.8). Deformations of shear-band type (marked by sericite), lineation associated with cleavage planes and quartz
ribbons represent the newly-formed Alpine structures. The Alpine semi-ductile deformation developed pronounced shearing planes along the
orthogneiss-amphibolite boundaries with striking phlogopite stripes in amphibolites. The relative younger brittle faults in orthogneiss lithologies
were occasionally healed by black quartz-tourmaline veins.
Fig. A.7: Peak conditions of the Hercynian regional metamorphism
illustrates coarse-grained melt, composed of K-feldspar, quartz,
albite (±biotite, tourmaline), which concentrates mostly in fold
closures in the “Muráň” orthogneisses
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Fig. A.8: 40Ar/39Ar amphibole spectrum (Kováčik et al., 1996)
shows the Middle-Cretaceous age obtained from rejuvenilated
Hercynian amhibolite lense comming from the “Muráň”
orthogneiss rock-complex

Stop 3.4: Gneisses - migmatites near the village Muráňska Dlhá Lúka
Exposure introduce the rock-assemblage belonging to the domains of the highest metamorphic degree in the Southern Veporicum
basement. On this locality the metamorphic substrate prevails over the granitoid material. Presented rocks were assigned as migmatite zone
(Zoubek 1932), later as the matamorphic footwall of the s.c. Kraľova hoľa complex (Klinec 1976), or due to variegated lithological and
metamorphic features was labeled as hybridic complex (Bezák et al. 1999). Granitoid rocks of the s.c. hybrid type represent medium-grained,
locally porphyric varietes, which are ranked to biotite granodiorites-tonalites and the light veins to leucotonalite (Hraško et al. 1993).
Prevailing psammitic protholite results in mineral assemblages consisting predomintaly of quartz, plagioclase and biotite. Variable
amount of muscovite, garnet and K-feldspar stem from original composition as well as reflect the metamorphic degree. Predominant lithotypes
represent homogenous fine-grained biotite-plagioclase-quartzitic gneiss with muscovite, garnet-biotite gneiss, migmatites, granodiorites and
their mylonites. Rock structure of migmatites are mostly stromatitic, but oftalmitic, flebicitic, ptygmatitic and other types are to be observed, too.
Unfrecquent mafics occur either as concominant intercalations in the source material - forming layers of amphibole gneisses and garnet
amphibolites, or as later intrusive diorite bodies. Rocks of presumed calc-silicate origin, composed of amphibole, clinozoizite, quartz, biotite and
clinopyroxene, were occasionally found. Graphitic metaquartzites and very local magnetite-grunerite-garnet schists are spatially related to
gneiss-migmatitic rocks, too. Isometric lenses of ultramafics, erased quite entirely to serpentinites (locally steatitized), are rarely scarced in the
wider area.
The chief fabrics is controlled by the E - W directed folding and the most foliation planes dip moderately to south. Asymmetric feldspars
reaching 2 - 3 cm in size developed in the course of late-synkinematic Carboniferous granitization penetrating in the above structure. Within the
E - W structural framework steep N - S directed relics structures (older Hercynian, pre-Hercynian?) were noticed. The corresponding older fold
axises strike mainly to the south and the dip are modified according to the subsequent E - W symmetry. The both deformations show the ductile
style and high metamorphic degree represent mezosome and leucosome formation. Dominated E - W structures were usually used by Alpine
deformation and superposed/reactivated foliation planes are covered with retrograde muscovite, in places. The Alpine lineations variegate
between 70 - 250 and 110 - 290 directions and mostly dip flatly to the east.
Migmatitic rocks are spatially bound to granitoids and heterogeneous effects of granitization determine the peak thermal reworking of
these rocks. The overall metamorphic condition of this zone range between the middle and upper part of the amphibolite facies. Towards the
south volume of granitization increase until the pure granitoides (s.c. granites of Kohút massif or Rimavica type), comprising only some
metamorphic remnants, occur. The Hercynian high temperature amalgamation lead to a considerable rheological resistance towards the Alpine
deformation in comparison with other basement lithologies (e.g. micaschistous rocks). Inspite the intrusive nature of granitoids, the forming
conditions of migmatites are suggested conformable with partial anatexis of the metasemipelites. Generally shown, the higher temperature the
lesser amount of muscovite, or increase in K-feldspar and/or biotite content are noticed. The metamorphic relics enclosed in the hybridic
granitoids usually does not preserve any metamorphic muscovite. The Alpine recrystallisation processes characterize replacement reactions in
acid plagioclase (secondary muscovite, albite, chlorite, quartz), chloritization of biotite a. o.

Stop 3.5: Micaschists near Hačava village
Along the railway-cut north from the station Hačava-Skálie steep layers of variegated metapelites with striking garnet porphyroblasts are
exposed. The manifold folding of original isoclinal folds with budinated quartz-segregations in fold-closures are characteristic. Subhorizontal
foliation planes are preserved scarsely - they dip shallow to west else to north, here. The secretions or veins of quartz, reaching thickness up to
0.2 m, are frecquently located along the primary foliation. Superimposed Alpine structures form also striking S-C fabrics, which usually dip
steeply in NE - SW -, or in N - S direction, occassionaly.
Stratigraphic age of the micaschist rocks is on basis of regional analogies, relationships to Carboniferous granitoids and palynological
determinations prevalingly referred to as Early Paleozoic (Zoubek 1932, Klinec & Planderová 1979). Micaschists underwent together with
adjacent rocks to polystaged metamorphic history (e.g. Zoubek 1936, Nemčok 1953, Klinec 1966, Vrána 1966, Bezák 1988, Meres & Hovorka
1991, Kováčik et al. 1996, Plašienka et al. 1999) - in question of the decisive metamorphic imprint of these rocks - one group of workes prefers
the Hercynian -, the second group the Alpine metamorphism and the others the both events. Notes bellow comment the petrogenesis in sense
of the consolidated Hercynian basement, which was widely retrogressed in the Alpine times.
The micaschists are composed mainly of muscovite, quartz, garnet and chlorite. Variable mineral content represent acid plagioclase,
biotite, chloritoide, staurolite, kyanite, paragonite and tschermakite. Typical accessoric minerals are ilmenite, tourmaline, zircon, carbonaceous
substance, epidote etc. Due to relative soft rheology and the miscellaneous reaction system of the rather Al-rich lithology (Tab. A.3), the
micaschists show, in comparison with the other pre-Alpine metamorphic rocks, pronounced signs of Alpine tectono-metamorphic reworking. The
principal metamorphic imprint is constrained at lower amphibolite facies (T ∼ 500-550°C, p ∼ 5.5-7.5 kb), passing during the Hercynian regional

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

31

metamorphism. To the main structural signs of this metamorphism belong the dominant foliation and ductile fold fabrics. Foliation planes
frequently copy the sedimentary layered structure (alternating of micaceous strips with quartzitic and/or feldspar-quartzitic laminae; graphitic
pigmentation bound on certain pelitic laminae a. o.). Among three muscovite generation, the Hercynian regional muscovite (ms I) is parallel
arranged inside the lepidoblastic strips and these crystals show a notable elongation (the lenghts/widhs ratio ranges between 5-10), in
comparison with flaky (ms II) or isometric later muscovites. The basic Hercynian texture is mostly completed with porphyric garnet (Tab. A.4),
staurolite and rare kyanite.
The Alpine regional metamorphic overprint is of barrovian type and the metamorphic conditions usually varied within the greenschist
facies, the boundary greenschist/amphibolite facies is supposed in places. The newly formed assemblages are mostly fine-grained and grow
mostly by replacement reactions. Inside the basement rocks the Alpine metamorphism was largely controlled by open-system reactions linked
with mobility of many components (e.g. input of alkalies, H2O, CaO, MgO, SiO2). These mineral assemblages has a late-syn− to postkinematic
nature, in relation to the pervasive Alpine deformation (Fig. 4). Characteristic Alpine metamorphic minerals are considered muscovite (ms III),
paragonite, biotite, chlorite, garnet of almandine-grossularite composition (Fig. 5, Tab. 2), acid plagioclase and scarce staurolite (st II), kyanite
39
40
(ky II) and amphibole of tschermakite type. Some Ar/ Ar spectra of new-formed amphiboles fall in diaphazon 105 - 115 Ma and may reflect the
onset of Alpine regional metamorphism. Most age spectra of muscovites (incl. one new amphibole) cluster within a time span 86-88 Ma, thus
indicating an accelerating rate of synmetamorphic uplift. During the Gosau-type deposition, after emplacement of the s.c. higher Mesozoic
nappes, some blocks of Southern Veporicum basement sustain the temperature above 300°C, as shown by biotite cooling ages giving 75 - 80
Ma.
Rock-type
number
samples
SiO2
Al2O3
FeO
Fe2O3
CaO
MgO
TiO2
P2O5
MnO
Na2O
K2O

1
of 12
48,02 (2,99)
27,42 (1,87)
6,09 (0,50)
2,66 (0,50)
0,99 (0,72)
2,47 (0,60)
1,23 (0,16)
0,33 (0,11)
0,11 (0,05)
1,54 (0,56)
3,68 (0,85)

2
18

3
16

58,39 (2,05)
20,92 (0,85)
4,84 (1,23)
2,59 (0,99)
0,92 (0,31)
1,92 (0,26)
0,95 (0,12)
0,26 (0,11)
0,157 (0,11)
1,25 (0,23)
4,09 (0,34)

64,61 (2,13)
17,99 (0,76)
3,57 (1,00)
2,07 (1,30)
0,8 (0,39)
1,85 (0,39)
0,84 (0,12)
0,21 (0,07)
0,07 (0,04)
1,17 (0,46)
3,22 (0,55)

Tab. A.3: Basic lithogeochemical group of metapelites in the micaschist rock-complex (arithmetical averages of rock-forming oxides; in brackets standard deviations) 1. Al-Fe
micaschists (ms≥qtz>ga>cld,st≥chl>pg); 2. garnet-chlorite-muscovite micaschists (qtz>ms…); 3. garnet-muscovite-biotite micaschistose gneiss with plagioclase (Kováčik
1993)

1

2

SiO2

36,96

37,19

AL2O3

21,43

21,64

FeOt

28,66

24,21

MgO

2,15

0,97

MnO

8,21

7,01

CaO

2,37

9,26

Sum

99,78

100,28

Alm

71,97

60,08

Py

3,03

1,35

Spes

20,36

17,18

Gros

4,65

21,39

Tab. A.4: Representative analysis of polymetamorphic garnet: 1. older core, 2. newly-formed rim

Stop 3.6: The village of Sihla - Tlstý javor quarry: Sihla type tonalite - an Upper Carbonifeorus I-type
In the old quarry we see fresh outcrops of the Sihla tonalite with sporadic occurrence of mafic magmatic enclaves (MME) and
macroscopic crystals of titanite ("envelopes”). This rock is considered as one of the most typical I-types among Variscan granitoids.
Geological setting
2
The Sihla tonalite to granodiorite forms larger bodies (tens km in size) or smaller dykes 0.x - x m in thickness. Mostly high angle bodies
are prolonged in the direction NE-SW and less frequent in E-W direction. Contact of the Sihla type against the older granitoids (hybrid =
schlieren complex and deformed Vepor porphyritic granite types) or metamorphic wall rocks has a clear intrusive character.
A zoning was observed in the Sihla magmatic bodies. Tonalites sometimes form their central part, and are enriched by K-feldspar
towards the chamber roof (granodiorites). The Sihla type comprises also further petrographic types: tonalite-granodiorite with tiny idiomorphic Kfeldspars and porphyric tonalite to granodiorite with pink K-feldspar (with low modal abundance).
Sihla tonalite to granodiorite s.s. belongs to the oldest intrusive phase in the Upper Carboniferous magmatic intrusive stage (Hraško et
al, 2001), indeed Sihla type form rather younger pulses within granitic rocks of the Vepor composite pluton.
Younger magmatic intrusions of the Ipeľ type (porphyric granodiorites to granites) along with leucocratic-subleucocratic fine to mediumgrained intrusions – Biele vody type, with S-type characteristics can not simply represent comagmatic intrusions.
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Petrography: The rock is composed of quartz, plagioclase, biotite and a rich accessory minerals assemblage. K-feldspar is
subordinate, being interstitial if present (QAP = tonalite, granodiorite). Plagioclase dominates (50 vol. %) is eu- to subhedral with An=30-40 in
3+
cores, and 15-20 at rims. Biotite is abundant (10-15 vol.%), Mg-rich (Mg# 54) and relatively oxidized (Fe /Fetot= 0.15). Typical accessories are:
late titanite which forms from the biotite and grows to cm-sized subhedral crystals, abundant almost pure magnetite, which probably reequilibrated during subsolidus stage, allanite most probably primary, oxidized during Alpine? stage and overgrown by thick rims of epidote
(Petrík et al. 1995), apatite, zircon (IT>350), late epidote. No hornblende was found. The overall mineralogy indicates a relatively water rich (to 5
% H2O) I-type granite magma crystallizing at oxidation conditions (Broska & Petrík 1991). The pressure was not determined.
Although not abundant, the MME are significant feature of the Sihla tonalite. They have mineralogy identical with host tonalites, differing
-4
in mineral proportions (qtz < 15 %, bt >30%) and grain size (< 1 mm). They show very high magnetic susceptibility (up to 35 x10 SI u.) due to
abundant magnetite. We interpret them as blobs of hotter mafic magma chilled in the host tonalite magma due to the temperature contrast. The
both magmas became intermingled in lower crust, the mafic one being a possible source of heat. Geochemistry of MME does not support their
mantle origin.
Analogues of the Sihla tonalites were identified in various Tatric cores (Tribeč Mts., Modra massif, Ďumbier and Prašivá types from the
Nízke Tatry Mts.) and included into the Sihla type sensu lato (Broska & Petrík 1993). Recently were described similar tonalites in High Tatra
Mts. and Veľká Fatra Mts. (Kohút et al. 2001 in Petrík, Kohút & Broska Eds. 2001).
Alpine overprint:
Sihla tonalite, as all Veporic basement rocks, contain a late mineral assemblage, which is interpreted as Alpine. It is represented mainly
by late epidote rims on allanite grains, sagenite needles in biotite, phengite and clinozoisite associated with albite, which replace plagioclase
(saussuritization). The assemblage supports a relatively high-pressure overprint due to Late Cretaceous burial of the Veporic unit.
Geochemistry: The Sihla tonalite is (primarily) metaluminous (SiO2 ~65 %), A/CNK = 0.85 – 0,95, with CaO > 3.0 wt. %, TiO2 > 0.7 wt.
%, and P2O5 ≥ 0.3 wt. %, rich in Ba (>1500 ppm) Sr (600-800 ppm), REE with no Eu anomaly, high LaN/YbN (17), low Rb/Sr (< 0.1) ratios, and
initial ISr ratios = 0.705-0.706. The high contents of accessories are reflected in Zr = 250 – 280 ppm and Th = 10 – 18 ppm. Isotopic signature
18
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O(SMOW) = 8.4‰; and
S(CDT) = 2.3‰ call for lower crustal source and interaction with lithospheric mantle.
with Sr(i) = 16.7; Nd(i) = -2.0;
40
40
Age and geotectonic significance: The first indication of an Upper Carboniferous age of these rocks show scarce K/ Ar dating (309
Ma) done by Bagdasarjan et al. (1977), indeed majority of data exhibited Alpine argon-loss and/or overprint. The magmatic age is known only
from older conventional U/Pb zircon datings (Bibikova et al. 1990), which yielded 300 ±5 Ma. The low strontium initials support melting of a
lower crustal lithology with a possible role of mafic magma (MME) as heat and material source. The I-type granite magmatism represents a
response to a thermal event at the end of Carboniferous (extensional collapse) caused either a by the removal of lithospheric root (delamination)
or by a slab breakoff (Petrík et al. 1994, Broska & Uher 2001). The genesis of this magmatic stage of the Upper Carboniferous Hercynian
orogenesis is proposed according following time succession with decreasing age and decreasing of the melting temperature (Hraško et
al.,2001):
1. The oldest Sihla granitoid type probably represents a lower crustal melting product, triggered by under plated mafic melts with
contribution of mantle. This stage produced the hottest I-type magma.
nd
2. Younger or synchronous intrusions of coarse-grained porphyric K-feldspar granitoids (Ipeľ type-2 stage) are derived from the lower
crustal melting of a K-rich immature crustal protolith. This magmatic stage represents a broad melting episode during the final stage of the
melting evolution.
rd
3. The youngest fine (-medium) grained more leucocratic granodiorite (3 stage) with S-type characteristics (Biele vody type) originated
probably by subsequent melting of quartz-plagioclase (± biotite ± muscovite) lower-middle crustal protolith, caused by thermal effect of Sihla and
Ipeľ magmas. The middle crustal contamination is documented by the presence of migmatites and gneisses as xenoliths in the leucocratic
magma. Unresorbed quartz xenocrysts reflect lower magma temperature or short duration between contamination and magma solidification.

4TH DAY PROGRAMME
A. Vozárová, J. Vozár, A. Biely, M. Kováčik, D. Plašienka & M. Polák

Nízke Tatry Mts. – Northern slopes
Northern Veporicum and Hronicum
Northern Veporicum
The Northern Veporicum (sense of Vozárová & Vozár 1988, Bezák 1994, Biely et al. 1996) has been defined as an Alpine unit
consisting of Variscan and/or pre-Variscan? complexes, as well as post-orogenic Late Paleozoic formations and Mesozoic envelope series
(Biely 1961) whose lithofacies is undoubtedly very similar to sequences of the Krížna nappe. In the sense of many palinspastic interpretations
the Northern Veporicum is considered to be the root zone of the Krížna nappe s.l. on the Fatric nappes (Jaroš, 1965, Biely & Fusán 1967,
Andrusov 1968, Andrusov et al., 1973 a m.o.)
The northern and northwestern part of the Veporicum have Alpine structure emphasized by imbricate and fault-overthrust styles with a
continuous envelope preserved along the northern border in narrow synclinal zones. In the original palinspastic pattern the basement of the
northern veporic Late Paleozoic basins includes a mosaic of terranes and tectonostratigraphic units, which were towards the end of the Variscan
orogeny gradually amalgamated (Tatric Superterrane in the sense of Vozárová & Vozár 1993). The principal basement rock-types comprise of
paragneisses, gneiss-migmatitic rocks, variegated metamafics, micaschistose and phyllitic (vs. phyllonite) rocks. Due to the strong Alpine
deformation it is still a matter of debate whether the relative wide zones of basement metamorphites underwent to progressive low grade
Hercynian metamorphism (e.g. Klinec 1966, Miko 1981) or they were intensively retrogressed during the Alpine tectonometamorphism (Kubíny
1958, Zoubek in Maheľ et al. 1964). The banded complex consisting of ga-amphibolites, amphibolites s.s., enclaves of serpentinized
metaultramafites, (also amphibolised eclogites?) or amph-ga orthogneisses are recently considered as leptino-amphibolite complex coming from
as well as metamorphosed in lower part of continental crust (Hovorka & Méres 1993). Age record of 514 Ma received from trondjemite
positioned in Amphibolite complex may indicate an extentional desintegration of Cadomian crust duing the Early Paleozoic (Putiš et al. 2001). In
the basement rock-inventory of the Ľubietová zone prevails the orhogneissic - migmatitic material, which show an affinity to the southernmost
part of the Tatrikum basement.
A specific member are tectonic outliers of low-grade metamorphites of Silurian - Devonian ages (Bajaník et al., 1979; Miko, 1981). This
overthrust is the result of Late Variscan collision, because it is covered by Permian post-collision sequences.
In the pre-Permian basement of the Northern Veporicum, two prograding high-temperature metamorphic events have been identified
(Hovorka & Méres, 1990; Bezák et al., 1993; Vozárová, 1993). The medium- to high-pressure metamorphic event was older and the medium to
low-pressure one with anatexis and granite magmatism younger. Pre-Alpine tectonothermal events were proved on the basis of Rb-Sr
40
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(summarized by Cambel et al., 1990) as well as. Ar - Ar method (Maluski et al., 1993). According to these results, the Variscan events may
be divided into a major thermotectonic crisis around 350 Ma, contemporaneous with the climax of amphibolite metamorphism, and the later
intrusion of granites and granodiorites around 320 - 330 Ma. Local leucocrate granitic body (s.c.“Hrončok granite”) and adjacent quartz porfyries have recently given the Late Permian - Early Triassic age (Putiš et al. 2000).
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These rocks are overprinted by several Alpine tectonothermal events.
Permian basins of the Northern Veporic zone were generally filled with volcanic-sedimentary continental formations. They are covering
the underlying crystalline rock complexes with distinct unconformity and are also separated from the overlying Lower Triassic sediments by a
hiatus and disconformity.
The structure of the Northern Veporicum in Nízke Tatry Mts. and according correlation to Veporské Rudohorie Mts. is formed by a)
metasedimentary and magmatogenic Early Paleozoic crystalline complexes; b) Permian volcano-sedimentary sequences and c) Triassic to
Lower Cretaceous sediments reflecting Alpine orogenic cycle.
The Permian sequence as the basal part of the envelope at the Northern margin of the Northveporic crystalline basement is represented
by the Ľubietová Group (sense Vozárová & Vozár 1988) comprising the Brusno Fm. with the Harnobis volcanogenic horizon and the Predajná
Fm. As a consequence of NW overthrusting of the crystalline complexes along the steeply dipping fault parallel to the axial plane of the
anticlinorial structure, the basal part of the Brusno Fm. is partly reduced. The autochthonous position of the Ľubietová Gr. in relation to the
crystalline basement was proved by the provenance of clastic material in sediments of both formations (Vozárová 1979).
Characteristics of the litho-stratigraphic units: Permian rocks are represented predominantly by a complex of clastic sedimentary rocks
with about 10 percent of volcanites and volcanoclastic rocks on known surface occurrences.
Brusno Formation: Principal lithostratigraphic characteristics of the formation are the following: - absolutely dominant arcosic sediments
of psephitic grade; - the presence of a volcanic horizon in its middle part (the Harnobis volcanogenic horizon). Generally, the Brusno Fm.
consists of many tabular bodies of sandstones and fine-grained sandy conglomerates of variable thickness. Frequent are erosive contacts. The
colour of sediments is monotonous, mostly light grey and light greenish grey. Coarse-grained sandy sediments overlying the Harnobis
volcanogenic horizon contain violet-grey clasts of volcanic material.
Sediments of the Brusno Fm. indicate an environment of low-sinusoity rivers characterised by a network of braided - distributory
channels transporting abundant coarse-sandy material. Frequent washouts, erosive channels as well as poorly preserved fine-grained
sediments are evidence of quick and chaotic changes of braided channels with autocyclic erosive processes. The Harnobis volcanogenic
horizon consists mostly of dacite effusions associated with prevalent pyroclastic tuffs - ignimbrites. Volcanic effusions are generally less
frequent, some occur in the form of horizontal subsurface dykes. Dacites are green-grey, green, and sometimes violet-grey. Their structure is
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aphanitic, with phenocrysts of plagioclase (An ), biotite, quartz, micropertite and scarce hornblende up to 1 mm in size. The authometamorphic
alteration resulted in decomposition of mafic minerals. Volcanics of andesite composition were found only in redeposited clasts.
Predajná Formation: Disconformably overlying the Brusno Fm., it is indicated by: 1) a conspicuous change of drainage system; 2) an
ubrupt change of source area reflected in distinct differences of petrographic composition of clastic sediments. The Predajná Fm. is a complex
of clastic sediments - predominantly consists of coarse polymict conglomerates, sandstones, sandy shales representing marginal facies,
tectonically bordering the flank of the basin. On some distinct stratigraphic levels, corresponding to the black shale horizons (boreholes Lu-3
near Ľubietová village in the south-western part of Northern Veporicum), the lacustrine facies association is interfingering with the distal - fan
facies. Thin layers of relatively well-sorted sandstones were identified as episodic eolian sediments. Its principal features are: - megacyclic
arrangement of the whole sequence; - conspicious vertical and lateral changes in lithofacies; - varied colours of sediments; - polymict clastic
material; - absence of syngenetic volcanic activity.
Petrographic analysis of pebble material of conglomerates as well as petrofacial analysis of sandstones prove their provenance from the
underlying crystalline rocks (Vozárová, 1979).
Biostratigraphic evidence of the Permian age of both formations was presented by Planderová (in Ilavský et al., 1994; borehole Lu-3).
The following spores were determined from a part corresponding to the Predajná Fm.: Monosulcites minimus gynetaceaepollenites sp.,
Gymatiosphaera sp., Karpatisporites minimus Planderová, Puncta-tisporites sp., Reticulatisporites sp., Florinites sp.
The Brusno Fm. contains zonal monosaccate spores: Florinites sp., Punctatisporites sp., Reticulatisporites sp., Cordaitoles sp.
The age was later specified as the upper part of the Lower Permian? - Saxonian and Thuringian.

Late Paleozoic of the Hronicum
The Hronicum has been defined as a rootless megastructural unit consisting of two partial nappes: Šturec and Choč s.s. (according to
Andrusov et al. 1973). The partial nappes have been distinguished due to their inner structural fabric and facial characteristics as mainly Triassic
complexes.
Sequences in both nappe units of the Hronicum are distinct, beginning with the Late Paleozoic. The Late Paleozoic is preserved variably
as a con-sequence of tectonic reduction during nappe thrusting. Remains of these sequences are known in many mountain ranges in the
Western Carpathians. On the northern slopes of the Nízke Tatry Mts. they are in the most complete stratigraphic succession. On the basis of
lithobiostratigraphic and petrologic investigations in all Western Carpathians, the Late Paleozoic of the Hronic nappes was determined as the
Ipoltica Group consisting of the Nižná Boca and the Malužiná Fms. (Vozárová & Vozár 1981). Northern slopes of the eastern part of the Nízke
Tatry Mts. consist mostly of the Northern Veporic crystalline complex, its Permian-Mesozoic envelope (Ľubietová and Veľký Bok Groups.) and
nappes of the Hronicum (Šturec and Choč nappes). In the Dikula valley, the basal part of the Šturec nappe and its overthrust plane on the
Neocomian of the Veľký Bok Gr. can be studied. In the most distant part of Dikula valley, the Permian of the Ľubietová Gr. and the Lower
Triassic part of the Veľký Bok Gr. are exposed. The Permian and Mesozoic sediments of the Northern Veporicum are systematically low-grade
metamorphosed and therefore their stratigraphy is based on correlations with similar lithostratigraphic units of the Krížna nappe in the Ďumbier
Tatry as well as in its root-zones in the Čierťaž Mts. These sequences, folded along with various crystalline complexes, form a complicated
system of recumbent folds and digitations. Among them, both essential lithostratigraphic members of the Ľubietová Gr. have been distinguished.
The Brusno Fm. consists of a rather monotonous complex of metaarcoses and arcosic metagray-wackes, mostly light grey in colour. Greater
lithologic variance - alternation of lithic metagraywackes and shales of violet and violet-grey colour - is more typical for the Predajná Fm.
The basal part of the Šturec nappe consists of alternating sequences of grey, dark-grey sandstones, mudstones and shales, which are
in places dissected by dioritic dyke rocks. Sediments are generally rich in clastic mica. Characteristic is planar horizontal lamination in finegrained sediments and very often graded bedding in sandstones. Erosive washouts are scarce.

Type section on the northern slopes of the Nízke Tatry Mts.
The Ipoltica Group may be traced from the Jánska dolina valley in the western part to the eastern slopes of the Vernársky potok valley,
and on the north from Hranovnica village in the Kozie chrbty Hills to the Paleogene occurrences of the Podtatranská kotlina depression between
Vydrník and Hôrka villages. It is an over 50 km long continuous belt. The tectonic basement of the Ipoltica Gr. is represented by the Northern
Veporicum, mostly of the Mesozoic of the Veľký Bok Gr. Variable tectonic reduction was controlled by stretch thrusting as well as by postPaleogene backward thrust, this is evident in different parts of the Ipoltica Gr. Its present geological setting has been also achieved by NW - SE,
N - S, NE - SW faulting.
Characteristics of lithostratigraphic units: The whole sequence of the Ipoltica Gr. shows upward coarsening and change in the colour of
sediments from dark-grey to red-grey and red as well as from shallow-water, lacustrine to fluvial, fluvial-playa environment. Syngenetic
volcanism manifest changes in chemical composition from dacite-andesites to andesite-basalts with increasing afinity to continental tholeiitic
magmatic trend. The thickness of the Ipoltica Group. is estimated at 2500 - 2800 m according to occurrences with a completely preserved
sequence.
Nižná Boca Formation: The immediate stratigraphic underlier of the Nižná Boca Fm. is unknown. Tectonic slices of intensely mylonitized
granitoids found in the basal part of the Šturec nappe might be partly indicative of its composition (Andrusov, 1936; Vozárová & Vozár, 1979).
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Data on the existence of this terrane are supported by proofs obtained by petrofacial analysis of clastic sediments, indicating a magmatic arc
source area (the hypothetical Ipoltica Terrane according to Vozárová & Vozár, 1993).
Macroflora from the upper part of the Nižná Boca Fm. proved its Stephanian B-C age. Sitár (in Sitár & Vozár, 1973) described wellpreserved relics of Asterotheca miltony Artis, Asterotheca arborescens Brogniart, Cordaites palmaeformis Goeppert and Callipteridium gigas
Guttbier.
Based on palynological analysis, Planderová (1973) distinguished autochthonous microflora of the Stephanian A-B: Torispora securis
Balme; Lycospora pusilla (Ibr.) Somers; Verrucosisporites pergranulatus (Alp.) Smith.; Crassispora kossankei (Pot. Kremp.) Bharadw;
Laevigatosporites vulgaris (Ibr.) Alp. Doub., Thymospora pseudothiessenii (Kos.) Alp. Doub. and the Stephanian C-D: Laevigatosporites div. sp.;
Cyclogranisporites densus Bharadw.; Lycospora pusilla (Ibr.) Somers; Fovealatisporites junior Ros.; Planisporites kosankei (Knox) Pot. Kr.;
Cadiospora magma Kos.; Allatisporites verrucosus Alp.; Allatisporites hexalatus Alp.; Potonieisporites div. sp.; Desaccites striatiti.
The Nižná Boca Fm. (acc. Vozárová 1981) 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 arcoss medium- and fine-grained sandstones to siltstones and claystones. Tabular strata with graded bedding and horizontal
planparallel lamination are most frequent among sandstones. Massive and cross-bedded sandstones are minor. Horizontal lamination is typical
of finer-grained sediments - mudstones and claystones. Plant fragments locally occurring in the beds give evidence of rapid accumulation from a
current. Abundant graded-bedded sandstones with minor intercalations of muddy siltstones as well as layers with oriented plant detritus indicate
fluvial-delta association. Preserved coarse-grained channel filling with through-cross bedding indicates sediments of distributary channels.
Alternation of fine-grained sandstones, siltstones and mudstones of grey to black colour corresponds to lacustrine association.
Syngenetic dacite and andesite volcanism is a significant part of the Nižná Boca Fm. Subaeric volcanism is represented by abundant
volcanogenic material mixing with non-volcanic detritus in the filling of the original sedimentary basin.
Malužiná Formation comprises a thick succession of red beds, which consist of alternating conglomerates, sandstones and shales.
Locally there occur layers of dolomites, gypsum and caliche. Upward fining cycles in the order of 10 - 15 m as well as three megacycles
arranged above each other are most typical. An important phenomenon is polyphase synsedimentary andesite-basalt volcanism of continental
tholeiitic magmatic type (Vozár 1977; 1984).
The Malužiná Fm. according to microfloral assemblages ranges from Lower to Upper Permian in age. The following were described by
Planderová in Planderová & Vozárová (1982):
Autunian: Spinosporites exignus Upthaw-Hedland; Thymospora div. sp.; Punctatisporites speciosus Kalibová; Cordaitina div. sp.;
Illinites unicus Kos.; Vittatina div. sp.
Autunian - Saxonian: Latensina trileta Alp.; Potonieisporites radiosus Schvarz; Potonieisporites
navicus Bharadw.; Jugasporites
delassaucei Klaus; Vittatina ovolis Klaus
Thuringian: Calamospora nathorstii Klaus; Klausipollenites div. sp., Carpathisporites sittleri Planderová; Lueckisporites parvus Klaus;
Vittatina angulistriata Klaus; Monosulcites minimus Cookson.
Sediments of the Malužiná Fm. originated generally in fluvial and fluvial-lacustrine environment, at permanently semiarid/arid climate.
Bases of the three megacycles consist of channel-lag and point-bar deposits, laterally associated with flood plain also natural levee deposits.
Upper parts of megacycles are characterised by playa association, scarce inland sabkha and fluvial-lacustrine association.
Petrographic analysis of clastic sediments of both formations revealed clasts of rocks and minerals derived from: 1) granitoids and/or
high-grade gneisses and migmatites; 2) dacite-andezite and andezite-basalt synsedimentary volcanics; 3) low-grade metamorphic rocks in very
small amount.

Stop. 4.1: Nižná Boca village
In the road cut of the Brezno - Kráľová Lehota, the Ďumbier type granodiorite overlain unconformably by Lower Triassic sandstones is
exposed. On this Tatric unit is lying the Šturec nappe in overthrust position. The overthrust plane is gently dipping (about 35°) to the north.
The Šturec nappe at this locality is represented by the Nižná Boca Fm., which is overlain by coarse-grained channel fill deposits of the
lower-most part of the Malužiná Fm. Characteristic are upward fining cycles which consist of grey sand-stones and grey, dark-grey shales. The
fossil content of the grey shales from upper part of the Nižná Boca Fm. is of stratigraphic importance. Remnants of macroflora determined by
Sitár (in Sitár & Vozár 1973) confirm the Stephanian C age.
Among sediments of the Nižná Boca Fm., several subvolcanic bodies of diorite-gabrodiorite magmatic type are situated. From this
locality the pumpellyite - prehnite - quartz mineral association has been described as a product of burial metamorphism (Vrána & Vozár 1969).

Stop. 4.2: Dikula valley
Northern slopes of the eastern part of the Nízke Tatry Mts. consist mostly of the Northern Veporic crystalline complex, its PermianMesozoic envelope (Ľubietová and Veľký Bok Groups) and nappes of the Hronicum (Šturec and Choč nappes). In the Dikula Valley, the basal
part of the Šturec nappe and its overthrust plane on the Neocomian of the Veľký Bok Gr. can be studied. In the most distant part of Dikula
Valley, the Permian of the Ľubietová Gr. and the Lower Triassic part of the Veľký Bok Gr. are exposed. The Permian and Mesozoic sediments of
the Northern Veporicum are systematically low-grade metamorphosed and therefore their stratigraphy is based on correlations with similar
lithostratigraphic units of the Krížna nappe in the Ïumbier Tatry as well as in its root-zones in the Čierťaž Mts. These sequences, folded along
with various crystalline complexes, form a complicated system of recumbent folds and digitations. Among them, both essential lithostratigraphic
members of the Ľubietová Gr. have been distinguished. The Brusno Fm. consists of a rather monotonous complex of metaarcoses and arcosic
metagray-wackes, mostly light grey in colour. Greater lithologic variance - alternation of lithic metagraywackes and shales of violet and violetgrey colour - is more typical for the Predajná Fm.
The basal part of the Šturec nappe consists of alternating sequences of grey, dark-grey sandstones, mudstones and shales, which are
in places dissected by dioritic dyke rocks. Sediments are generally rich in clastic mica. Characteristic is planar horizontal lamination in finegrained sediments and very often graded bedding in sandstones. Erosive washouts are scarce.
The basement rocks, often designated as phyllonites, exhibit an intensive Alpine deformation nnd new or reactivated foliation planes
developed. Alpine microfolding of “competent” micaceous domains form crenulation cleavage. Inspite of alterations of biotite and plagioclase
primary gneissic protholite can be deciphered. Signs of granitic injections were also observed and these rocks remind the regionally widespread
(garnet) - muscovite - biotite plagioclase gneisses. In their polymetamorphic history the maximal thermal reworking were achieved during the
Hercynian granitization and the peak metamorphic conditions characterize appearence of sillimanite and K-feldspar on the expence of
muscovite, which indicate temperature about 650° and pressure 3-4 kb. A higher-pressure tectonometamorphic event of barrovian type can be
suggested during the foregoing Hercynian collision, too.
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Stop. 4.3: Ipoltica valley
Along the profile of the Ipoltica Valley, sequences of all three megacycles of the Malu iná Fm. 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 whole complex of strata reflects different stages of a fluvial environment. A full sequence starts with conglomerates, or conglomeratic,
coarse-grained sandstone grades over an erosional surface. Unbedded, lense-shaped gravel-sandstone bars and lateral accretions or reworked bar
deposits may be distinguished. The upper part of a sequence is characterised by silty or shaly overbank deposits with intercalations of thick crossbedded 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 sandstones.
Bedding is poorly developed, though weathering produces parallel-layered splitting. These sediments represent playa association.
The synsedimentary andesite-basalt volcanism concentrated into two main eruption phases (inside of 1st and 2nd megacycles). The areal
distribution of volcanic facies and volcanic morphogenetic types as well as their chemical composition and distribution of REE elements testify to
continental, rifting volcanism of TH magmatic type. An outstanding feature is a vast quantity of thin volcanic flows repeating one above another. The
coexistence of volcanic and water-reservoir domains resulted in the formation of brecciated lavas and Pahoe-hoe textures. In the close underlier of
the effusive sequence, pyroclastics with distinct fine horizontal or even cross lamination are observed in some places.

5TH DAY PROGRAMME
M. Fendek, M. Polák, M. Havrila, S. Buček, M. Potfaj, J. Mello, D. Boorová, J. Janočko

Liptovská kotlina depression, Chočské vrchy Hills, Orava and Malá Fatra Mts.
Stop 5.1: Liptovská Mara Dam: Geothermal waters of the Liptovská kotlina basin
The Liptov basin belongs to the important areas of the Slovak Republic as far as the possibilities of geothermal water – source of the
geothermal energy obtaining, is concerned. The possibilities of obtaining and utilization of the geothermal waters in Liptov basin were
manifested in the past by a number of natural outflows of mineral waters on the surface.
The first hydrogeothermal evaluation of the Liptov basin, oriented on research of the geothermal resources, was done for Demänová
area (Franko et al. 1974). It was followed by drilling of the first geothermal borehole FGL-1 in Pavčina Lehota (Remšík et al. 1979).
Research of geothermal resources of the Liptov basin has continued by project of the partial research work of the development of
science and technique (Zembjak et al. 1986). In the frame of the project, the whole area of the Liptov basin was assessed (based on knowledge
of geological, geophysical, hydrogeological, geothermic and geochemical conditions) and drilling of three research boreholes in Bešeňová,
Liptovská Kokava and Liptovský Trnovec was proposed. Separate projects for drilling of these boreholes were elaborated (Zembjak et al.
1986a, Zembjak et al. 1987 and Remšík et al. 1989). The boreholes were drilled in 1986-1991. After finishing of drilling works, complex
evaluation of them was done and results were published in works of Fendek et al. (1988), Fendek (1998) and Remšík et al. (1990, 1992).
Based on the results of these four geothermal boreholes, but also other research boreholes and works performed in the Liptov basin
(Remšík et al., 1993; 1994; 1998), the complex evaluation of the hydrogeothermal conditions in Liptov basin was performed.
Geothermal water aquifers in Liptov basin are represented by Triassic dolomites and limestones with the fissure-karst permeability,
which were documented by geothermal boreholes at depths of 1255 – 1625 m. Their thickness varies between 300 – 1000 m. Productive
lengths varied from 65 up to 535 m during performed pumping tests. The average value of the intrinsic transmissivity coefficient Tp ranges in the
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interval 2.41*10 - 1.05*10 m , the permeability coefficient kp in the interval 3.82*10 – 9.05*10 m . The highest values of the kp belong to
the aquifers in Kokava depression (ZGL-3), the lowest to the aquifers in Demänová depression and Bešeňová elevation.
The depths of the gas bubble points for geothermal boreholes in Liptov basin vary in the interval 162 – 225 m. The maximal depth of the
gas bubble point was estimated for the borehole ZGL-2/A. According to the positioning of the gas bubble points it can be claimed that its utmost
depths can be expected in the northern and north-eastern part of the Liptov basin. In these parts of the basin, the influence of the gaslift (free
gas content) on the density of geothermal waters during their exploitation will be the greatest. Also higher contents of gases could be expected,
which is connected with the possible technological problems (incrustation, corrosiveness) during exploitation of the geothermal water.
In accordance with the preceding claim, the highest values of the gaslift were estimated for boreholes ZGL-2A and ZGL-3, in which they
represent 50 – 83 % of the measured depression. The percentual ratio of the gaslift and thermolift on the measured depression in boreholes
showed that for geothermal boreholes in the Liptov basin are the gaslift values in 5 – 71 % higher than values of the thermolift. At the same
time, the influence of the free gas content and the water temperature represent 18 – 95 % of the measured depression and as a result of their
influence on the boreholes exploited by the free outflow the bettering of the borehole discharge occur. Practically it means that without these
influences, the value of the free outflow on geothermal boreholes ZGL-1 and ZGL-2/A would be only 27 – 70 % of the values measured during
pumping tests.
Spreading of the piezometric levels for geothermal boreholes and selected boreholes tapping mineral waters of the Liptov basin showed
that the dominant element forming the probable groundwater flow direction under natural conditions is placed in the north-eastern part of the
Liptov basin. The course of the hydroisopiezes is in the southern part of the basin formed by the influence of water infiltrating in the area to the
southwest of Liptovský Ján and Demänová valley. In the northern part it is formed by the influence of infiltrating waters in the area to the north of
villages Jalovec and Konská. Evident diminishing of the piezometric level slope can be observed in the area to the north of villages Liptovská
Anna and Kvačany. The point of the lowest piezometric tension is located in the southwestern part of the basin between the villages Liptovská
Štiavnica and Vyšný Sliač. Another potential area of the cold-water infiltration is to the southeast of the connecting line of the boreholes LŠH-1
and VŠH-1.
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The average value of the hydraulic conductivity coefficient in the area was estimated on 5.645*10 m/s, corresponding by the
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piezometric gradient of the 2.94*10 to the filtration velocity of 1.66*10 m/s. According to this, taking into account the value 0.1 for the
coefficient of the filtration cross-section effectiveness of geothermal water aquifers, the value of the estimated average effective geothermal
-7
water flow velocity is 1.66*10 m/s, which represents 5.2 m per year.
Geothermal energy verified by boreholes of FGL-1 Pavčina Lehota, ZGL-1 Bešeňová, ZGL-2/A Liptovský Trhovec and ZGL-3 Liptovská
Kokava varies in the range of 0.425 – 5.893 MWt. Its bearers are geothermal waters verified in the amount of 6 –31 l/s with the temperature of
32 - 62 °C. The totally verified amount of the geothermal energy of the Liptov basin is 14.038 MWt and represents the amount of 84 l/s of
geothermal waters.
Using the numerical model it was estimated that from the Liptov basin it is possible to exploit another 152 l/s of geothermal water with
the temperature of 27 – 70 °C at the wellhead. Geothermal energy of these waters represents in 20.264 MWt more than boreholes proved it.
The total amount of geothermal waters in the Liptov basin (accounting also water flowing out by free outflow in Liptovská Štiavnica and
Liptovský Sliač) was estimated on 248 l/s, which represents the total amount 34.589 MWt of the geothermal energy.
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Stop 5.2: Liptovské Matiašovce - profile in the road cut
The locality is situated on the route of the main road leading from Liptovské Matiašovce to Huty. The road, in direction from south to
north, passes across the Chočské vrchy Mts. In the road cut, in strata underlying Paleogene sediments, in a continuous profile basinal
sediments of the Hronicum tectonic unit are exposed, lying on one of the nappes of the Veporicum tectonic unit. As already mentioned (in the
part about the structure of the Western Carpathians included in the introduction of this excursion guide book) in the time of the middle and lower
part of the Late Triassic the Hronicum was a system of intraplatform basins and carbonate platforms. In direction from west to east there were
distinguished (Fig. A.9): Dobrá Voda basin, Mojtín carbonate platform, Ráztočno basin, Harmanec carbonate platform, Biely Váh basin and
Čierny Váh carbonate platform. The basinal sediments occurring at the locality Liptovské Matiašovce were deposited in the more western part of
the Biely Váh basin.

Fig. A.9: Nappe system of Hronicum. The inferred original distribution of Triassic rocks across the Hronicum sedimentary area.
Succession of lithostratigraphical unit
The lower part of the succession of the Biely Váh basin (usually formed by the Farkašová Megabreccia, Choč Dolomites, Zámostie,
Schreyeralm and/or Nádaška and Reifling Limestones) is not exposed at the locality. Only the higher part of the succession may be observed,
formed by the Partnach Formation, limestones of the Raming - Göstling turbidity formation, Korytnica Limestones (and/or Svarín beds) and
basal part of the Lunz beds - the Reingraben shales (Fig. A.10). Higher members of the succession (The Lunz beds, Hauptdolomit and Norovica
Limestones) cannot be observed directly in the road cut again, they occur higher up at the slopes above the road. Younger Jurassic and
Cretaceous formations have not been preserved in the tectonic unit of the Hronicum in the Chočské vrchy Mts.
Partnach Formation: The bulk mass of the formation is well-bedded mixtites formed by sliding and mixing of the original rhythmites.
These were formed by highly clayey calciturbidites - muddy turbidites. The primary rhythms, of multiple recurrence, originated by gradual falling
out of constituents from the suspension flow, look as follows: the lower part of the rhythm formed by purer grey microcrystalline limestone (at the
base sometimes with graded - bedded rampart of coarser detrital limestone), which gradually passes into overlying strata, with increasing clayey
constituent, into yellowish to brownishgrey microcrystalline clayey limestone (sometimes with parallel lamination), often ending by washout and
a further equal rhythm follows. The contact of rhythms is, as a rule, sharp. Common are cases of collapsing of the limestone constituent of the
higher rhythm into the clayey constituent of the lower rhythm. Feature characteristics of the formation are nodules of cherts and layers of
brownishgrey and greyishgreen claystones, to which nodular limestones are bound. From microfacies mainly biomicrites and biopelmicrites to
pelsparites and biopelsparites are represented. By dissolution of limestones from samples no. 614, 612 a 502 were obtained: Gladigondolella
tethydis (Huckriede), Gladigondolella malayensis malayensis Nogami, Gondolella foliata inclinata Kovacs, Gondolella sp., Priscopedatus sp.,
Dentalina paucicurvata Franke, Dentalina sp., Tolypammina discoidea Trifonova, “Turritellella” mesotriasica Koehn - Zaninitti, Gaudryina
triassica Trifonova, Austrocolomia marschalli Oberhauser, Pseudonodosaria vulgata multicamerata (Kristan - Tollmann), Ammodiscus
annulinoides Kristan - Tollmann, Hyperammina sp., Ammobaculites sp., fish teeth, juvenile lamellibranchs, ramiform conodonts, but also sponge
spicules and radiolarians.
In the higher part of the formation organodetritus distincly increases, the limestones are of lighter colour and thicker - bedded, so
acquiring the character of the Raming Limestones.
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Fig. A.10: Liptovské Matiašovce – profile in the road cut (Havrila, 2002).
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In the uppermost part of the formation the supply of organodetritus from the margin of the carbonate platform ceases, the supply of
claystones, interrupting sedimentation of limestones, is higher, resulting in alternation of limestones and claystones. From this part of the
formation from claystones of samples no. 1119 and 1120 the following association of recrystallized foraminifers was obtained: Pseudonodosaria
obconica (Reuss), Hyperammina eulimbata Kristan-Tollmann, Hyperammina stabilis Kristan-Tollmann, Pachyphloides ex gr. oberhauseri
Civrieux a Dessauvagie, Pachyphloides dracosimilis (Oberhauser), Astacolus cf. carnicus (Oberhauser), Lenticulina (Lenticulina) gottingensis
gottingensis (Bornemann), Lenticulina (Lenticulina) nauptiloides (Bornemann), Dentalina ex.gr. subsiliqua Franke, Dentalina cf. turgoidea
Kristan-Tollmann, Dentalina sp., Nodosaria sp. From further organic remains were established: Osteocrinus sp., ostracodes, sponge spicules,
echinoid spines and juvenile brachiopods. By dissolution of limestones were obtained from samples no. 503 and 613: Gondolella cf.
polygnathiformis Budurov et Stefanov, Ammodiscus annulinoides Kristan - Tollmann, Nodosinella rostata Trifonova, Pseudonodosaria obconica
(Reuss), Textularia exigua (Schwager), Gaudryina triassica Trifonova, Hyperammina sp., Tolypammina sp., Irinella canalifera Kristan Tollmann, Cornuvacites sp., Osteocrinus sp., Theelia sp., ramiform conodonts, fish teeth and scales, elements of ophiuria, echinoid spines and
radiolarians.
Reingraben shales: Their entry into the basin terminates Partnach sedimentation. The claystones are dark-grey to blackishgrey, highly
bituminous. In the lower part they contain abundant concretions of pelosiderites. A very poor association of the following recrystallized benthonic
foraminifers was obtained from the shales (from sample no. 1121): Hyperammina stabilis Kristan-Tollmann, Hyperammina eulimbata KristanTollmann, Duostomina rotundata Kristan-Tollmann, Duostomina biconvexa Kristan-Tollmann, Duostomina sp.
Raming - Göstling Formation: The detrital turbidity formation of the Raming - Göstling Limestones (and together with them also the
Korytnica Limestones and/or Svarín beds) is clearly deposited in the Reingraben shales. It is formed by ramparts of light-coloured thick-bedded
coarse-grained, distinctly graded limestones (grainstone - rudstone) in clasts containing reef-building organisms, passing into overlying darkgrey to blackishgrey bituminous thin - bedded laminated limestones (packstone -grainstone), with multiple recurrence, the plane of new supply is
sharp. The first, forming essential thickness of the rampart, may be identified with the Raming Limestones s.l., the second, forming little
thickness of rampart only, with the Göstling Limestones s.l. The material forming the formation is derived from the Wetterstein Limestones of the
margin of the carbonate platform taking its course from the Západné Tatry Mts., in space north of the Chočské vrchy Mts., to Mt. Mních near
Ružomberok and farther to the south through Liptovská Osada and Sásová near Banská Bystrica. In the Göstling Limestones s.l. by their
dissolution (samples no. 504, 1107 and 1122) were established: Gladigondolella tethydis (Huckriede), Gondolella polygnathiformis Budurov et
Stefanov, Gondolella cf. noah (Hayashi), Gondolella sp., Staurocumitoides bartensteini Deflandre - Rigaud, Theelia sp., Priscopedatus sp.,
Tetravirga sp., Cornuvacites sp., Osteocrinus sp., crinoid ossicles, scales and teeth of fish, spines and interambulacral plates of echinoids,
sponge spicules, ramiform conodonts, but also radiolarians.
Korytnica Limestones and/or Svarín beds: Monotonous sequence of poorly exposed bedded blackish-grey microcrystalline clayey,
highly bituminous limestones (wackestone - packstone), terminating carbonate sedimentation in the Biely Váh basin. By dissolution of
limestones (sample no. 1123, 1124, 1125, 505 and 1108) were obtained: Gladigondolella malayensis malayensis Nogami, Ammodiscus cf
incertus d´Orbigny, Ammodiscus cf annulinoides Kristan-Tollmann, Ammodiscus cf multivolutus Reitlinger, Hyperammina sp., ramiform
conodonts, ossicles of crinoids, fish teeth and scales, echinoid spines, sponge spicules.
Reingraben shales: Lithologically they are equal as their layer occurring below the Raming-Göstling Formation. In them Halobia sp. is
present. From strata closely overlying the Korytnica Limestones (from sample no. 1111) the following association of foraminifers, mainly
consisting of duostomins and nodosariid forms was obtained: Duostomina alta Kristan-Tollmann, Duostomina biconvexa Kristan-Tollmann,
Frondicularia sulcata Bornemann, Frondicularia cf. ruttneri Oberhauser, Nodosaria cf. raphanistriformis (Gümbel), Pseudonodosaria obconica
(Reuss), Marginulina erromena turica Samuel, Gsollbergella spiroloculiformis (Oraveczne Scheffer), Dentalina sp. From further organic remains
were established: echinoid spines, gastropods, sponge spicules, juvenile brachiopods, and ostracodes.
Conclusion
The lithostratigraphical profile documented at this locality together with a greater number of further profiles has made possible to reach
paleogeographical reconstruction of the area of sedimentation of the Hronicum in the middle and lower part of the Late Triassic.
The occurrence (at the profile Liptovské Matiašovce) of detrital limestones of the Raming-Göstling turbidity Formation demonstrably
derived from the Wetterstein Limestones of the carbonate platform margin, deposited far away from the source in the basin (partly in the
Partnach Formation, partly in the Reingraben shales), documents linking of spaces of the Harmanec carbonate platform and Biely Váh basin,
but also horizontal replacement of the mentioned facies and also persisting of reef development at the carbonate platform margin still also in the
Julian.

Stop 5.3: Pucov, stratotype locality of Pucov Member of Podtatranská skupina (Subtatric) Group
General characteristics
The excursion stop shows stratotype locality of Pucov member deposits defined by Gross et al. (1984). The spectacular locality is
represented by steep, more than 100 m long and 50 m high walls of coarse-grained deposits occuring along the road at the beginning of the
Pucov village. The deposits are incised into pre-Tertiary basement that is proved by a mapping borehole (Gross et al. 1994). The mapping
(Gross et al. 1994) suggests that they are also locally incised into Paleogene deposits of Borové, Huty and Zuberec Formations. At the locality
they are overlain by mudstones and sandstones belonging to the Zuberec Fm. However, the contact is probably tectonic. In the overlying
mudstones occasionally lenses of conglomerates also occur which is possible to observe at the locality.
Age: Late Eocene, Paleogene

Lithology
The deposits are prevailingly composed of conglomerates and only minor part consists of sandy and silty layers. The conglomerates are
mostly clast-supported, however, locally also matrix-supported conglomerates occur. The size of clasts, which are subrounded and subangular,
varies from pebbles to boulders. The clasts consist of redish-brown shales, dolomites, limestones and cherts having source area in the Choč
and Krížna nappes. Besides clasts of Mesozoic provenance the deposits of Pucov Member also contain clasts coming from Borové Formation,
which is the basal formation of the Paleogene Subtatric Group. They are represented by sandy and organodetritic limestones containing
Bartonian large foraminifers (Gross et al. 1994). In the lower part of the profile redish-brown conglomerates prevail which passes into palish grey
conglomerates upward.
The conglomerates are massive, graded and crudely bedded. They either fill large channels or comprise flat bodies with sharp bases.
The width of channels varies - at the base of the outcrop it is possible to follow a channel wide more than 50 m. Upward the width of channels
decreases, however, the incision value and asymetry of channels increase. The channels are filled by massive and cross-bedded
conglomerates. Cross bedding resembles lateral accretion surfaces originated during the filling process. The channels are either incised into
each other or they are separated by relatively thin layers of sandstones or fine-grained conglomerates. The flat bodies of conglomerates are
sharply-bedded and attain hight up to 3 m. The conglomerates are massive, normally graded or crudely horizontally stratified. Laterally they are
often eroded by channels.
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Interpretation
The conglomerates of Pucov Member are interpreted by Gross et al. (1994) as a submarine fan with conduit located SW of the locality
near Dolný Kubín (Medzihradné). However, more interpretations are possible: The coarse-grained character of deposits and channelization
would suggest very proximal part of such fan or even position in the canyon where the sediments might be deposited during the backfilling.
Another possibility is deposition in a steeply inclined fan delta. Although the deposits contain Paleogene clasts of Borové Fm. the fluvial origin of
Pucov is not excluded. It might be formed during relative sea level fall when shelf deposits were emerged.

Stop 5.4: Dolný Kubín – Medzihradné: Borové Formation and Pucov Member of Podtatranská skupina
(Subtatric) Group
General characteristics
The locality occurs in abandoned quary in Medzihradné village (now a part of Dolný Kubín town). The observed sediments consist of
nummulitic sandstone belonging to the Borové Formation of Upper Eocene and coarse-grained deposits of Pucov Member having the same
age. The nummulitic sandstone is underlain by Mesozoic basement that crops out in the lower part of the quarry. The deposits of Pucov
Member are incised into underlying nummulitic sandstones. The mapping showed that this succession passes upward into mudstones of
Paleogene Huty Formation.
Age: Late Eocene, Paleogene

Lithology
The nummulitic sandstone is medium and coarse grained. Nummulites comprise a clastic part of the sandstone and they are chaotically
distributed. Locally, the tests are imbricated suggesting redeposition of nummulites. The nummulites are represented by Middle Eocene species
e.g. Nummulites perforatus (Montfort) and Nummulites puschi Archiac (Gross et al. 1994). The sandstone is massive or normally graded.
Common are thin lenses of pebble conglomerate with sharp bases. The conglomerates may also form diffuse lenses several ten cm long. The
sandstone is organized into layers thick from several cm to two metres. The base of beds is mostly sharp. The nummulite sandstone is overlain
by coarse-grained conglomerates, which are erosively incised into the sandstones. The erosion is deep more than 5 meters at the outcrop. The
material of the conglomerates comes from Mesozoic of Choč Nappe and is mostly composed of carbonates; only minor part consists of
Mesozoic shales and older Paleogene deposits of Borové Formation. The size of subrounded and subangular clasts varies from pebbles to
boulders. The conglomerates are massive and crudely bedded.

Interpretation
The nummulitic sandstones represent shallow-marine deposits of Borové Formation. The local imbrication of nummulites, difused
conglomerate bodies and sharp bases suggest deposition in wave-dominated environment of the inner and middle shelf area. The overlying
conglomerates fill a channel, which has been expained by Gross et al. (1994) as a conduit for submarine fan we visited in the previos stop.
Another explanation is again a fill of river channel meandering on the uplifted shelf during the relative sea level fall.

Stop 5.5: Zázrivská dolina valley – quarry Bralo – Envelope Unit of Tatricum - Lučivná Formation
The largely extending and characteristic sequence of Lower Cretaceous marly cherty limestones in the Tatride mantle groups of the
West Carpathians was distinguished as a formal lithostratigraphic unit – the Lučivná formation (Polák & Bujnovský 1979).
Name: According to the village Lučivná in the Zázrivská dolina valley about 4 km NW of the village Párnica.
Type locality: quarry Bralo (Fig. A.11 ) in the Zázrivská dolina valley where the Lučivná limestones are exposed in the whole sequence
of beds.
Type profile: wall of the quarry Bralo (Fig. A.12)
Lithology: weakly marly, regularly bedded limestones (5–30 cm) with dark-grey to black cherts, found in the shape of nodules, 1–20 cm
in size. The cherts are aligned in the strike of beds. They contain radiolarians, silicisponges, globochaets, Dinoflagelata (more in detail see M.
Mišík, 1973).
The limestones are of biomicrite, only sporadically of biosparite texture. From organic components mainly radiolarians, ostracodes,
crinoid ossicles, detritus of bivalves, sponge spicules, foraminifers, filaments, globochaets, detritus of brachiopods, of gastropods, echinoid
spines, juvenile shells of ammonites, belemnites. From mineral elements detrital quartz, Fe colloids, sericite, pyrite are present. Very frequent
are mycrostylolites.
Boundaries: The relatively sharp lower lithological boundary between the Lučivná limestones with cherts and the underlying calpionel
limestones without cherts or with sporadical cherts only. The upper boundary is gradual to the overlying Upper Aptian to Lower Albian black,
marly and sandy cherty limestones, sandstones.
Age: The stratigraphic range of the Lučivné limestones is Upper Berriasian – Lower Aptian. The lower time boundary of the unit is
indicated indirectly by the underlying Upper Tithonian – Lower Berriasian calpionel limestones with tintinoid microfauna: Calpionella alpina
Lorenz, Calpionella elliptica Cadisch, Crassicollaria colomi Doben, Tintinnopsella carpathica Murgeanu et Filipescu. The upper boundary is
proved by foraminifers (determined by J. Salaj, 1978): Hedbergella infracretacea (Glaessner), Ammodiscus tenuissimus (Gümbel), Discorbis cf.
wassoewizi (Djafarov & Agalarova) and indirectly by foraminifers from the base of the overlying unit: Hedbergella trocoidea (Gandolfi), Ticinella
roberti (Gandolfi), Thalmanninella apenninica (Renz).
Extension: The Lučivná limestones are a characteristic lithostratigraphic unit of the Tatride mantle groups of all core mountains of the
Central West Carpathians (Fig. ). They are of particularly distinct extension in the type area of the Malá Fatra and Veľká Fatra, of considerable
extension also in the Little Carpathians, Považský Inovec, Strážovské vrchy (Malá Magura), Tribeč, NW part of the Low Tatra – Červená
Magura group, High Tatra – Osobitá development (Andrusov 1959).
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Fig. A.11: Lithostratigraphical section – Zázrivská dolina valley (Polák, 2001)
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Fig. A.12: Type profile of the Lučivná formation.
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Stop 5.6: Ždiar Formation – Siliceous radiolarian limestones, radiolarites
Krížna nappe – Upper Callovian– Oxfordian
The sequence is well exposed on both sides of the rivulet Zázrivka. It is represented by variegated siliceous radiolarian limestones with
nodules, sometimes with layers of radiolarites. The limestones are distinctly banked; platy, often nodular, thickness of banks is 5–30 cm. At this
locality traces of Zoophycus are found relatively abundantly.
The limestones are of biomicrite texture, prevailingly of radiolarian microfacies, with alternating representation of sponge spicules,
ostracodes or other fine organic detritus. The radiolarites are formed by material with distinctly represented siliceous component with remnants
of radiolarians. From this formation radiolarians were determined (Polák & Ondrejíčková 1996): Tetratrabs bulbosa (Baumgartner), Triactomina
cf. jamesi (Pesagno), Tritrabs cf. rhododactylus Baumg., Tritrabs cf. exotica (Pesagno), which indicate on Upper Callovian – Oxfordian age.
We range the sequence stratigraphically to the Dogger – Oxfordian on the basias of the position in the bed sequence, underlain by the
Fleckenmergel sequence (Toarcian), overlain by the sequence of Kimmeridgian limestones.
Grey marly limestones of „Biancone“ type
Krížna nappe – Tithonian – Lower Berriasian
This type of limestones represents the uppermost part of the Jurassic sequence, which is closely connected with the overlying
Neocomian limestones and marls, into which they pass gradually.
The limestones are grey marly, distinctly banked (10–90 cm) and typical by smooth conchoidal fracture, contain intercalations of marly
shales. Microfacially they are prevailingly biomicrites with characteristic microfacies, calpionel-radiolarian. From the calpionel microfauna the
following species are represented Calpionella alpina Lorenz, Calpionella elliptica Cadish, Crassicolaria parvula Remane, Tintinnopsella
carpathica (Murgeanu et Filipescu). Cross sections of Globochaete alpina Lombard are frequent. The sequence represents stratigraphically the
Tithonian – Lower Berriasian.
The sequence of limestones is often folded, as proved by the distinct fold on the left side of the rivulet Zázrivka.
The fold is upright, moderately biapical, and disturbed by a fauld in the crest part. It has characteristic features of parallel folds, which
are formed by the mechanism of bending alipping. Bending flow was also partly manifested. The B. axis of the fold (= 65/8 – see the
tectonogram) formed in a strain field of SSE-NNW direction, which took rise in the time of formation of nappe or during uparching of the
mountains. In less competent rocks (outcrop of the crossroad to Biela) with formation of folds diagolan gliding planes (cleavage) were
manifested.
The transition from Tithonian limestones to the overlier is gradual, manifested in increasing intercalations. This complex represents the
mightiest and areally mostly widespread sequence of the Krížna nappe, attains the maximum thickness of 400 m.
The stratigraphic range of the sequence is the Upper Berriasian – Lower Berriasian. The sequence contains a relatively large amount of
macrofossils – ammonites and belemnites, which are, however, indeterminable as a consequence of great tectonic compression. The only
preserved specimen is Holcostephanus sp. – pointing to the Valanginian.
Texturally there are biomicrites of the monotonous radiolarian microfacies.

Stop 5.7: Vrátna dolina valley
Tectonic relation of the Krížna and Choč nappe – defilé presentation
Tectonic relation of the Krížna and Choč nappe can be defined best in the area of Veľký Rozsutec, Malý Rozsutec and southern slopes
of the Boboty ridge.
Younger Cretaceous members of the Krížna nappe were mainly intensely folded here, when doubling of the sequence of Neocomian
marly shales and limestones was taking place, amidst which are Aptian claystones and limestones, Albian sandstones and shales (see the
geological profile in the map). The basal complex of dolomites of the Choč nappe is resting on the „upper“ strip of the Neocomian. There is a
false anticline, a structure with an Aptian and Albian core; the limbs are formed by Neocomian sediments. This whole structure is doubling in a
complicated way and continues to the saddle Prislop, where it is wedging out together with the distinct Medzirozsutce upthrust. The Choč nappe
is formed by two particular outliers the southern outlier of Veľký Rozsutec, the northern outlier of Malý Rozsutec, Boboty and Sokolie. In the area
between these outliers in the Medzirozsutce saddle is a distinct post – Paleogene structure – the Medzirozsutce upthrust, along which the
Neocomian of the Krížna nappe together with the Triassic complex of Malý Rozsutec was thrust over the Paleogene and Veľký Rozsutec outlier.

6TH DAY PROGRAMME:
J. Mello, M. Rakús & M. Potfaj
Stop 6.1. Brodno & Rudinka–Vranie–Považský Chlmec – type profile of the Kysuca sequence (Mello 2002)
The type profile of the Kysuca sequence of the Pieniny Unit, has been studied already for tens of year by specialists more and more in
details. It is situated 2–4 km N of Žilina in the valley of the Kysuca river in the so-called „Kysuca gate“ (Fig. A.13). The beds are prevailingly
dipping north, the sequence is in overturned position, older Jurassic – Early Cretaceous, predominately carbonate members are found N of the
villages Brodno and Vranie (Rochovica and Brodnianka elevations), younger Middle and Late Cretaceous flysch members may be studied more
to the south in the cut of the road between Vranie and Považský Chlmec or at lower water level in the beautiful defilé directly in the Kysuca river
bed (Fig. A.14). In places repeating of bed sequence parts (duplexes) may be observed.
The oldest so called Posidonia beds (Aalenian – Bajocian) –grey to black shales with layers of sandstones and limestones are
exposed in the cut of the road Žilina – Čadca oposite to the junction with the old road.
Higher formations – the Supraposidonia beds and radiolarites may be found at present in scree only.
Well exposed are further two members, which we shall see:

Stop 6.1a. Abandoned quarry at the railway station Brodno
Very well exposed is here the Czorsztyn Limestone (Kimmeridgian – Tithonian) and lower part of the Pieniny Limestone (Late Tithonian
– Aptian) as well as the Jurassic – Cretaceous boundary in the lower part of the Pieniny Limestone (Fig.
). The locality was described from
various aspects and to various degrees of details by Borza (1969), Andrusov (1973), Marschalko et al. (1980), Michalík et al. (1990), Reháková
& Michalík (1992, 1997), Houša et al. (1996) and other.
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According to Reháková & Michalík (1997) in Czorsztyn Formation the lower-most biomicrite of the Saccocoma – Globochaete an
Saccocoma – Radiolaria microfacies contain Colomisphaera pieniniensis (Borza), C. fibrata (Nagy), Carpistomiosphaera borzai (Nagy), and
Stomiosphaera moluccana Vanner indicating Kimmeridgian age.
Reddish nodular cherty and indistinstly nodular biomicrite packstone are rich in Saccocoma, radiolarians and globochaetes. Ostracods,
foraminifers, filaments, crinoids are common. Parastomiosphaera malmica (Borza), Carpistomiosphaera tithonica Nowak and Colomisphaera
pulla (Borza), indicate early Tithonian age of the limestones.
Grey indistinctly nodular micrites
contain microfossils of the middle Tithonian
Chitinoidella Zone sensu Borza (1984) – the
Boneti Subzone being documented only. The
assemblage is represented by Ch. tithonica
Borza, Ch. slovenica Borza, Ch. boneti
Doben and rare dinocysts of Cadosina fusca
Wanner.
Late Tithonian Praetintinnopsella and
Crassicollaria Zones were identified in
indistinctly nodular and in well bedded
wackestones
which
contain
Praentintinnopsella andrusovi Borza and
calpionellid assotiatons of the Remanei,
Brevis and Colomi Subzones: Tintinnopsella
remanei Borza, T. carpathica (Murg. et Filip.),
Crassicollaria intermedia (Durand Delga), Cr.
massutiniana (Colom), Cr. brevis Remane,
Cr. parvula Doben, Cr. colomi Doben,
Calpionella alpina Lorenz.
Still according to Reháková &
Michalík (1997) Berriasian formations were
characterized mainly by great acceleration of
“planktic rain“ of organic matter and
calcareous microskeletons. This change is
detectable in the majority of Western
Carpathian
successions
created
the
“majolica“ pattern of pelagic sedimentation
(Pieniny Limestone Formation) in the
Pieniny
sedimentary
basin.
This
sedimentation continued here until early
Aptian.
Lower Berriasian part of this
succession is represented by well-bedded
pale biomicritic wackestones with Calpionella
– Globochaete and Radiolaria – Calpionella
Fig. A.13: Geological map of the Brodno Vicinity. (According to Haško & Polák, 1980). Del. L. Dugovič).
microfacies.
Calpionella
alpina
and
Explanations: Q u a t e r n a r y : – 1. fluvial sediments of flood plains, 2. Quaternary undivided; Magura Nappe –
Globochaete alpina are dominating, foram
3. Bystrica Unit: carbonate glaukonitic sandstones, marls, Early – Middle Eocene; Manín Unit – 4. sandstones
fragments, radiolarians, ostracods, aptychi.
and marls, Albian – Early Santonian; Kysuca Unit – 5. conglomerates, Coniacian – Santonian, 6. Snežnica
ophiuroids, bivalves, juvenile ammonites,
Member: grey marls and sandstones (a), variegated marls (b), Early Turonian ? – Coniacian, 7. Kysuca
Crassicolaria
parvula,
Tintinnopsella
Member: red marls and sandstones, Early Turonian, 8. Lalinok Member: variegated marls, Cenomanian,
carpathica, Cadosina fusca, Cadosina
9. Tissala Member: green spotted limestones and marls, Albian, 10. Koňhora Member: black marls and spotted
semiradiata are common. Microbreccia
limestones, Aptian, 11. cherty spotted marls and limestones, Berriasian – Barremian; 12. Calpionella
layers contain limestone clasts with Tithonian
limestones, Tithonian, 13. red nodular limestones, Kimmeridgian, 14. radiolarites and radiolarian limestones,
microfossilss.
Oxfordian, 15. Supraposidonia Member: spotted siliceous limestones and siliceous shales, Bajocian – Callovian,
Remaniella ferasini (Catalano), R.
16. Posidonia Member: spotted siliceous limestones and shales, Aalenian – Bajocian; 17. geological
cadischiana (Colom) characterize the middle
boundaries: observed, inferred; 18. reverse faults: observed, inferred; 19. thrust lines covered; 20. strike of
Berriasian part of the formation. Calpionella
beds; 21. Excursion stops.
elliptica and Cadosina minuta occur in
overlied thick-bedded cherty limestones.

Stop 6.1b Defilé in the road cut S of Rudinka (compare also Andrusov 1973, Andrusov & Samuel 1973,
Haško 1973, Kysela 1984, Michalík et al. 1990, Vašíček et al. 1997 a. o.).
We shall see the more southern part of the profile studied in detail mainly by Vašíček et al. (1992) in the road cut S of Rudinka (Fig.
A.14), thus the higher part of the sequence than we saw in Brodno. The following description is according to Michalík et al. 1997, p. 368–369):
Thin bedded white – grey subpelitomorph limestones of the “majolica“ facies with dark cherts (Pieniny Limestone Formation) form
substantial part of the Lower Cretaceous sequence. The early Berriasian age of bedded gray cherty biomicrites was proved by spaerical
Calpionella alpina dominating the microfaunal assemblage (Alpina Subzone). It is followed by associations of Ferasini and Elliptica Subzones of
standart Calpionella Zone. Overlying Late Berriasian biomicrite wackestones to packstones of Calpionellopsis Zone contain Calpionellopsis
simplex (Colom), C. oblonga (Cadisch), Lorenziella hungarica Knauer. Distinct breccia layers appear in the uppermost part of Late Berriasian
sequence. Weathering, erosion and runoff recorded during the expressive Be-7 sea level drop event was accompanied by distinct increase of
calcareous dinoflagellate abundance.
Microfaunistic association of Calpionellites Zone was found in Lower Valanginian rhytmic sequence interrupted by organodetrital and
fossiliferous limestone intercalations. Calpionellids are scarce, poorly preserved beeing accompanied by abundant nannoconids, frequent
radiolarians and sponge spicules that determine the prevailing type of microfacies. Small primitive lamellaptychi and rostrum of early
Valanginian belemnite Pseudobelus bipartitus (Blainv.) have been found in marly intercalations.
Biomicrite to biomicrosparite wackestones with frequent biodetritus yielded late Valanginian ammonite association of Saynoceras
verrucosum Zone.
Overlying thin-bedded limestones with bisquite – shaped chert nodules contain irregular echinoids, Pygites sp., belemnite rostra of
Pseudobelus brevis (Parona) and Lower Hauterivian aptychi Lamellaptychus seranonis (Coquand). Upper Hauterivian part of sequence
contains Lamellaptychus angulocostatus (Peters), rich nannoplankton association dominating by nannoconids and diverse radiolarian
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association (Halásová and Peterčáková in Vašíček et al. 1992). Planktonic foraminifers belonging to the Hedbergella sigali Zone were
determined by Boorová.
Dark gray marly spotted limestones of the Brodno Formation are inserted by calciturbiditic layers. Biomicrite wackestone to
packestones are rich in radiolarians, sponge spicules accompanuing by Barremian planktonic foraminifera association. The uppermost part of
this sequence is Aptian in age – it contains microfossils of the Globigerinelloides blowi Zone.
Fig. A.14: Czorsztyn (Cz) and Pieniny (P) Limestone
Formations of Kysuca Unit in Brodno quarry. Jurassic
– Cretaceous boundary is situated in the lower part of
the Pieniny Limestone Formation. The Sequence is in
an overturned position. (After photo, J. Mello 2002)

Pelagic and calciturbiditic Barremian/Aptian Brodno Limestone sequence is interrupted by the Koňhora Member. An abrupt
environmental change is indicated by the substitution of pelagic carbonate sedimentation with almost eight meters thick dark calcareous clays to
marlstones with sporadic mica leaflets, coalified plant fragments, pyritized macrofossils and poveryfied nannoplankton association of
Chiastozygus literarius Zone mainly with abrupt diminishing in nannoconid abundance. Two limestone intercalations within Koňhora Beds
(referrable to the Ap-1 and Ap-3 lowstands respectively), contain diverse radiolarian associations.

Stop 6.1c Flysch S of Vranie in the Kysuca river bed or in the road cut
From the Middle and Late Cretaceous part of the Kysuca sequence mainly more resistant flysch beds of the Snežnica Formation have
preserved at outcrops. At lower water level in the Kysuca river these are exposed wonderfully in a defilé about 150 m long in the bank, but also
on river bottom at the S margin of the village Vranie. In the lower part of the profile (stratigraphically – the beds are in overturned position)
mainly grey to dark-grey marly or sandy shales are exposed, which alternate with fine-grained calcareous sandstones. Tovards overlying parts
sandstone layers increase and also their thickness rises. In the highest part of the outcrop layers of conglomerates with variegated material of
pebbles appear. At lower surfaces of sandstone layers various traces are found, in basal parts of sandstone and conglomerate layers are much
chaff of plants and shreds of grey shales.
Lenticles of conglomerates considered as slump bodies were established approximately at an equal level also in the road cut S of the
village Vranie (Haško & Polák, 1979). They occur amidst the flysch formation. Samuel (l.c.) has established that marly shales from it contain a
Middle Turonian microfauna, in conglomerates he found an Albian – Cenomanian fauna, which he considers as redeposited.
The highest part of the Kysuca sequence is formed here by exotic conglomerates of Coniacian – Santonian age N of the village
Považský Chlmec. Conglomerates are similar as Upohlav conglomerates of the Klappe unit. They originated with deposition on submarine
slopes and alluvial cones (Marschalko in Andrusov & Samuel, 1973, p. 66). More to the east below the overthrust plane of the Klappe nappe still
the variegated Gbelany beds belonging to the Santonian – Maastrichtian may be found.

Stop 6.2. Locality Súľov – Perri-klippen Paleogene (according to Kysela 1984a)
It is well exposed and studied along the road Jablonové – Súľov. Near Súľov it overlaps transgressively the folded sediments of the
southern margin of the Manín and Krížna nappe. The oldest sediments are sandy limestones and sandstones with fauna of Upper Paleocene –
Ilerdian larger foraminifers, found near Jablonové. According to the lithological character it may be concluded on the transgressive nature of
sediments. This is also proved by extraclasts of marls from the underlying – Praznov Formation. The beds are overturned and dipping at an
o
angle of 60-80 NW. Towards the stratigraphic overlier the sequence acquires a flysch character. It consists of alternating beds of carbonate
sandstones, conglomerates, calcareous claystones and aleurites. Larger and smaller foraminifers determine the age as Cuisian – Lutetian. In
younger parts of the sequence carbonate conglomerates – the Súľov conglomerates are predominating. We shall have a look at them in the
gorge near Súľov. The beds in the conglomerate flysch become gradually upright, towards Súľov the dips are less again and the beds are in
normal position.
Thickness is approximately 1200 m. The southeastern delimination of the conglomerate strip is tectonic, caused by a steeply dipping
upthrust line. A klippe of carbonates with the stratigraphic range Liassic to Lower Cretaceous is situated at this line. We assign it to the Kostelec
succession. Its mantle is of marlstone Butkov type and flysch character – Praznov Formation, forming a depressional formation – the Súľov
depression. The microfauna from pelites indicates the age ranging from the Upper Albian to Lower Turonian. In the flysch intercalations of
o
exotics – the Hradná conglomerates are found. The beds are in normal position, dips varying within the interval of 45-85 . The flysch packet is
bordered tectonically from the southeast by an overthrust plane of the Krížna nappe. The folded Mesozoic sediments are overlapped again
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transgressively and discordantly by Paleogene sediments, represented by the Súľov conglomerates in this part (cf. Fig. B.40), Geological map
and section). The dips of beds in them are varying within the interval of 30-50°.

Stop 6.3. Súľov – gorge
The carbonate – Súľov conglomerates are found here. The size of pebbles is varying within the interval of 0,5–20,0 cm. They are
prevailingly formed by dolomites (90–98 %), rarely by limestones.
Thickness of the conglomerate beds is 2 to 25 m, with dense alternation and equal grain size they are difficult to distinguish in places, 3
main types of conglomerate beds may be distinguished.
Larger pebbles in the bed are not touching one another, lying scattered in finer-grained groundmass, which forms 20-40 % of the whole
rock volume. No imbrication of pebbles, cross-bedding and graded bedding
are found.
The bed is formed by ungraded (homogeneously) bedded
conglomerates, which contain clasts formed by fine-grained dolomite
o
sandstones to aleurites. They are imbricated at an angle of 28 to the
bedding plane. The pebbles are oriented and indicated equally.
At the base and near the upper part of the Súľov conglomerate
(flysch) lithosome are beds with graded bedding and small thickness (2–3
m), erosional washouts to beds. In the gorge the second type of beds
predominantes.
o
The dip of beds in the gorge is approximately 55 to the southeast,
in direction to Súľov, towards the tectonic line it is gradually diminishing
and subhorizontal.
The transportation of material was from E to NW, W and SW
according to the orientation of pebbles and clasts. The mechanisms of
transportation were grain flows and other gravitation-conditioned flows.
The material is derved from tectonically active fronts of the Choč nappe,
preserved as relics in the area of Rajecké Teplice.

Stop 6.4. Vršatec - profile through the Czorstyn
succession of the Klippen Belt (Mello 2002).
One of the most significant localities of the Czorsztyn succession
on the territory of Slovakia where the Jurassic – Cretaceous klippes of
Czorsztyn type, their Middle – Late Cretaceous “envelope“ and relatively
well their mutual relation may be studied. In the wider neighbourhodd also
their relation to other klippen successions (in the W, for instance, to the
variety of the Kysuca succession, compare Mišík et al., 1994, in the E to
the Drietoma, Klape and/or Orava units, may be observed, compare Mišík
1984, Schlögl et al. 2000).
The picturesque rock cliffs of Vršatec form one of the most
beautiful sceneries of western Slovakia. Whatever magnificent, they are
only remnants of a vanished mountain system used as building stones
from edifices of preceding “civilization“. The Czorsztyn and Kysuca (also
transitional) klippes are situated prevailingly surrounded by Middle and
Late Cretaceous deep marine sediments.
The processes, by which they get there, are lively discussed. One
group of researchers consider most of them as olistholiths, other rather
prefer a tectonic origin (tearing apart of sequences and their mixing by the
effect of tectonic processes). As usual, the truth will be probably
somewhere in between.
A part of the klippes already originated during sedimentation of
flysch as classical olistholiths in the proximal part of flysch basins, a further
part was shaped during subduction processes in the accretional wedge
between the Outer and Central Western Carpathians and some could still
have been formed also with subsequent lateral movements in a
transpressional – transtensional regime.
The Czorsztyn klippe of the Vršatec castle was studied in detail
mainly by Mišík (1979). He established that two to three slices of the
Jurassic and Early Cretaceous are represented here (Fig. B.46). With the
adjacent klippe Chmelová there are even four slices of the Czorsztyn unit
an immediate contact without the “envelope“ of Cretaceous marls.
In the northern part according to him (p. 39) the succession is as
follows:
st
1 slice from bottom has an overtuned bed sequence with the
following members: a) beige-pink muddy limestones with ferric-manganese
coatings on bivalves – Oxfordian; b) Czorsztyn nodular limestone –
Kimmeridgian; c) pinkish calpionell limestone – Tithonian; d) red weakly
crinoidal limestones with Pygope – Tithonian to Neocomian.
nd
2 slice with normal bed sequence, but also with steeply dipping
Fig. A.15: Lithostratigraphic column of the Middle and Late Cretaceous
!envelope“ of the Vršatec castle klippe (according to Sýkora er. al.,1997).

beds contains: a) white crinoidal limestones – Bajocian; b) purplishred fine
crinoidal limestones with loaf-type weathering – Bathonian; c) pink weakly
crinoidal limestones with laminated cavities and evinosponges –
Bathonian–Callovian; d) pink bioherm-near limestones with cavities and
sporadical corals – Callovian–Oxfordian; e) light-grey bioherm limestones
with corals and calcareous sponges – Oxfordian (Vršatec Limestones).
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In the southern part, in the profile passing through the Vršatec castle the tectonic contact between both slices is especially distinct,
because the Tithonian calpionell limestones are in tectonic contact with Bajocian white crinoidal limestones. With the Bajocian bioherm-near
oxfordian limestones are in contact. Then once more white crinoidal limestones and reddish weakly crinoidal limestones with “evinosponges“
follow; it is the third slice. Dating of the orgin of sliced structure directly from this klippe is not possible, surely post – Early Cretaceous slices are
concerned.
Further information may be obtained in numerous excursion guide-books, from which mainly those by Andrusov (1973a) and Mišík
(1984) may be recommended.
The exceptionally well-exposed Cretaceous “envelope“ of the Vršatec klippe in the road cut above the village Vršatecké Podhradie or
in near vicinity was also the subject of interest of several researchers. It has been shown that there are not only the variegated Púchov Marls, by
th
the way already well dated for the guide-book of the X CBGA Congres (compare Andrusov 1973a), but a more variegated palette of rocks is
represented, for which the more detailed Polish (Birkenmajer, 1977) classification was used: the condensed Albian – Cenomanian Chmielowa
Formation and Turonian – Campanian Jaworki Formation. The last named was divided into the Skalki Marl Member and Pustelnia Member
(Sýkora et al., 1997; Ožvoldová, 1997), Fig. A15.
From silicified sediments of the Skalki Marl Member Ožvoldová (l.c.) mentions a rich association of Early Turonian radiolarians.
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POST CONGRESS EXCURSION B
M. Kováč, D. Vass, I. Baráth, M. Elečko, P. Kováč, Ľ. Sliva, V. Konečný, J. Lexa, M. Rakús, J. Hók, R. Aubrecht,
J. Schlögl, M. Mišík, M. Potfaj, F. Teťák, O. Krejčí, M. Eliáš, L. Švábenická, P. Martinec & R. Vojtko

1ST DAY PROGRAMME
M. Kováč, D. Vass, I. Baráth, M. Elečko, Ľ. Sliva, V. Konečný, J. Lexa, P. Kováč & R. Vojtko

North Hungarian – South Slovak Paleogene and Miocene Basins
of the Central Paratethys
South Slovak – North Hungarian Paleogene and Neogene sedimentary area (Fig. B.1) is located in the hinterland of the
Western Carpathian mountain chain, outlined by Transdanubian Central Range units from the west, by units of Igall – Bükk zone
from the east and by the fault zone of Midd - Hungarian line (boundary between micro-plate Alcapa and Tisza – Dacia) from the
south.
The pre-Tertiary basement of basins is formed on the north by units of the Central Western Carpathians (Veporicum,
Gemericum, Silicicum, Meliaticum), on the west by units of Transdanubicum and on the east by units of Igal – Bükk zone. The
Slovak part is geologically not an individual basin, it represent northern margin of three basin complexes laying on each other:
North Hungarian Paleogene (Buda) Basin, Fiľakovo – Pétervására and Novohrad - Nógrad basins.
The last sea floods from Danube Basin (Želiezovce depression) invaded the South Slovak area at the begin of the Middle
Miocene, when gradually started to dominate andesite volcanic activity and uplift of region. In the Early Badenian terminated
sedimentation by the last ingressive event. Since the Middle Badenian the South Slovak region is permanently emerged and
intensely denudated. In Pontian the northern part of Rimavská kotlina basin, northern and northwestern part of Lučenecká
kotlina basin slightly subsided, what enabled accumulation of fluvial sediments (Poltár formation) accompanied by basaltic
volcanism (Podrečany basalt formation). Younger basaltic volcanism (Cerová formation) was partly synchronically accompanied
and particularly epigenetically marked by updoming of the Cerová vrchovina Mts. upland (Vass et al. 1986), which caused, that
the ancient lava flows of the Cerová basalt formation builds today flat ridges of the upland, however they were originally spilled
into valleys of paleorelief.
Tertiary geodynamic evolution of the area can be divided into opening, filling and extinction of the Paleogene basin and
development of the Early Miocene back-arc basins (Vass in Vass et al. 1988, Kováč et. al. 1997a, b) with characteristic
migration of depositional centers from the West to East. The whole region rotated counter clockwise by 50° during the Early to
Middle Miocene (Márton et al. 1996).
North Hungarian Paleogene basin (Buda basin) started to form after a long-term emersion of the Transdanubian Central
Range (Transdanubicum units), what is indicated by lateritic weathering and creation of karst bauxite deposits (Báldi & BáldiBáke 1985). Lutetian transgression gradually flooded lagoons; in which coal bearing layers were deposited at some places
(Dorog Fm., Obid Mb.). Shallow water carbonate sedimentation and deposition of the outer shelf is represented by Szépvövolgy
and Buda Mbs. At the end of Eocene we observe regression in the Transdanubicum region, center of the sedimentary area was
shifted eastward to region of the Buda hills. During the Oligocene, the North Hungarian basin rapidly deepened, what is
documented by bathyal deposits in its center. The following isolation of the Central Paratethys is manifested by euxinic facies of
the Tard clay Fm. outcropping in the Budapest area (Báldi 1986). Development of new depositional centers in Oligocene was
accompanied by new sea transgression during Kiscelian, when the sea flooded the region of the South Slovakia. Clays of the
Kiscell Fm. in Hungary (Báldi 1986) and Číž Fm. in Slovakia (Vass & Elečko 1982) were deposited.
In the Egerian the evolution of the Buda basin continued by sedimentation of shallow water sandstones of the Panica
and Törökbálint formations. The offshore facies is represented by “schlier” of the Szécsény Fm. in Hungary, which is included
into the Lučenec Fm. in South Slovakia (Seneš in Andrusov 1965, Vass & Elečko 1982). The evolution of the Buda Paleogene
basin terminated by tectonic extrusion of the Alcapa micro-plate from the East Alpine – North Dinaride domain towards
Carpathian-Pannonian realm after Egerian. This caused disintegration of the Paleogene basin by right lateral displacement
along the Central Hungarian line. Two segments were created, Buda and Slovenian (Ljublana), now 300 km away (Csontos et
al. 1992).
In the Eggenburgian, the Fiľakovo-Pétervášára basin was formed. Its extend was smaller then the extend of the Buda
basin and it did not have southern connection with an open sea, but communicated with the basins and depressions of the
Outer and Inner Carpathians (Sztanó 1994, Halásová et al. 1996). At the end of Eggenburgian, the activity of Pannonian
asthenolith is documented by vast felsic volcanism documenting asthenosphaere mantle uprise associated with uplift of the area
(active rifting, Vass 1995) and regression of the sea. In depressions of initial stage of the back-arc rifting the Bukovina Fm. Was
deposited. It consists of continental deposits with beds of rhyodacite tuffs (Zagyvápálfalva Fm. rhyodacite tuffs from Gyulakeszi
in the northern Hungary).
In the younger Early Miocene the development of the back-arc basin continued (Vass et al. 1993, 1995). Novohrad –
Nógrád basin was formed with characteristic Salgotarján Fm. containing coal beds. Gradual sea progradation from the south in
the Ottnangian is documented by paralic sedimentation in Boršod (northern Hungary), as well as by sea ingressions in the area
of the South Slovakia. The basin subsidence reached its maximum during the Karpatian, followed by rapid regression of the
sea. The area was uplifted and erosion is indicated at the end of the Karpatian. The last transgression penetrated into the South
Slovakian area in the Early Badenian, when marine and deltaic Príbelce and Hrušov Mbs. were deposited (Vass 1977, Vass et
al. 2002).
Filling of the basin with products of calc – alkaline andesite volcanism from eruptive centers of the Šahy-Lysec
volcanotectonic zone, as well as uplift of the area after Early Badenian caused definite regression of the sea from the South
Slovakia. The area becomes a dry land with contrast vertical movements of blocks outlined by faults with NW, NNW and NE
strikes (Vass 1988).
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Fig. B.1. Tectonic map of the Western Carpathians and adjacent area.
Later, in Pontian, in the northern part of the Lučenecká kotlina and Rimavská kotlina basins accumulation of fluvial
deposits were created (Poltár formation), which are of the same age as the volcanism of the Podrečany basalt formation. Lava
flows of young basalt volcanism (Cerová formation) flowed mostly along fault paleo-valleys littered by fluvial deposits.
Brief characteristic of facies and sedimentary environment of the Buda, Fiľakovo – Pétervására and Novohrad - Nógrád
basins, sedimentary environment and facies of the Early Badenian rocks.
The first Tertiary sedimentary cycle in basins of the south Slovakia (Ipeľ, Lučenec and Rimava basin), as well as in the
basement of the neovolcanic Cerová vrchovina Mts. started in the Oligocene. The oldest sediments are fresh water – fluvial
sediments of the Skálnica Member of Kiscelian age (Vass & Elečko eds. 1989). Their thickness varies from several meters to
tens of meters. Hostišovce Mb. represent specific littoral facies (Vass & Elečko eds. 1989) which equivalent are the Esztergom
coal bearing layers (Nagymarosi in Gyalog ed. 1996). These are marsh sediments with laminas and coal beds. Batčany
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limestones (Jurkovičová et al. 1990) – spondium biodetritic and intraclast limestones were deposited in nearshore environment
of carbonate barrier. The basal deposits of the Číž Formation (conglomerates, breccias, sandstones, and siltstones) contain
already marine fauna (Vass & Elečko 1982). The main volume of the Číž Fm. is represented by Lenártovce Mb. 200 – 250 m
thick, built up of gray colored claystones and siltstones with layers of sandstone. Regressive member of the Číž Fm. are
sediments of prograding delta – Rapovce Mb. (Vass & Elečko eds. 1992) consisting of gray sandstones to sandstones with
rounded boulders of resistant rocks, with carbonized fragments of plants, laminas of lustrous coal and with layers of gray
carbonate siltstones. Shallow water fauna was found in them.
Egerian sedimentary cycle of Buda basin is represented by Lučenec Formation. The lower part is created by
transgressive Panica Mb. thick up to 150 m (breccias, conglomerates, sandstones with shallow water marine fauna; Vass &
Elečko 1982) and biofragmental Budikovany limestones (Seneš in Steininger et al. 1975). The main mass of the Lučenec Fm. is
represented by Szécsény Mb. (in Hungary, Szécsény schlier Fm.; Hámor 1985), gray calciferous siltstones with shaly
breakdown. They overlay the pre - Tertiary basement, or directly were deposited above the offshore basin sediments of the
Kiscelian Číž Fm. (i.e. the Lenártovce Mb.). Maximal thickness exceeds 1000 m. They contain abundant remnants of marine
organisms and represent offshore facies of the Lučenec Fm. Bretka Mb., composed mostly of biofragmental limestones,
conglomerates and breccias represent near shore facies in the upper part of Lučenec Fm. (Seneš in Steininger ed. 1975).
Opatovce Mb., composed of siltstones, sandstones, clays, locally with coal clays and coal beds represent regressive delta
sediments of the Lučenec Fm. in Ipeľská kotlina basin (Šutovská-Holcová et al. 1993). It reaches thickness about 180 m.
During the Eggenburgian a new Fiľakovo-Pétervášára basin was created and it had only short time existence. Fiľakovo
Formation sedimented (Seneš in Andrusov 1965, Vass & Elečko 1982). It was distributed on the Slovak territory mostly in the
Cerová vrchovina Mts., where it lays concordantly on Lučenc Fm. and its thickness reaches maximally 500 m. Fiľakovo Fm.
originated in various environments of the shelf (Vass & Elečko et al. 1992). For example, Lipovany and Tachty sandstones,
Čakanovce and Jalovce Mbs. were deposited in environment of shelf, often influenced by tidal movements of the sea level
(Sztanó 1994). Pétervášára sandstones in the North Hungary are equivalent of the sandstone members of the Fiľakovo Fm.
(Hámor 1985). Čakanovce Mb. represent offshore facies of the formation. The upper part of the Szécsény schlier Fm. is their
equivalent in the North Hungary.
During the Eggenburgian continental, mainly fluvial deposits of the Bukovina Formation sedimented (Vass & Elečko
1982), equivalent in Hungary is the Zagyvapálfa Formation (Hámor et al. 1978) 200 m thick. These are sandstones and
multicolored, respectively green clays and rhyodacite tuffs (in Hungary Gyulakészi tuff; Hámor et al. 1978), with abundant
remnants of warm subtropical to tropical flora. Radiometric age of the tuffs (20,1 and 19,5 Ma. Repčok, respectively Kantor in
Vass & Elečko eds. 1992) and thermophile flora (Němejc & Knobloch in Papp et al. 1978) indicate to Eggenburgian age of the
formation.
In Ottnangian Novohrad - Nógrád basin started to form. Salgótarján Formation, which sedimented in paludal to lacustrine
environment reaches up to 250 m in Slovakia (Vass et al. 1979). Its lower part consists of the Pôtor Mb. (Vass et al. 1983) 30 to
80 m thick. These are siliceous deposits, locally cross-bedded with clay layers and three coal seams with maximal thickness
about 5 m. In their hanging wall there are monotonous gray-blue clays of Plachtince Mb. (Vass et al. 1983) with rare layers of
dark clay, coal and ashy tuff – tuffite. In carbonate clays foraminifera and nannoflora of the zone NN3 and NN4 were found,
what indicates sea ingressions into this area during the Ottnangian (Vass et al. 1987).
Salgótarján Formation gradually passes into the Modrý Kameň Formation (Vass et al. 1983), of which Medokýš Mb.
represent the basal part of the sequence. It consist of fine-grained laminated sandstones and siltstones, locally with sharp
convolute bedding (Vass & Beláček 1997) with tempestites and with mixed marine and brackish fauna (Rzehakia - Siliqua Cardium). The member originated in a semi-separated lagoon with decreased salinity, in to which storm waves brought
mechanically sorted micro-fauna of open sea (Vass in Vass et al. 1979) and is 40 – 60 m thick. Medokýš Mb. is overlain by the
Krtíš sand Mb. (40 m), representing littoral sediment with rare occurrences of marine fauna. The sedimentary cycle culminated
with Sečiance Mb. up to 300 m thick. These are almost lutaceous sediments with abundant marine fauna deposited in bathyal
environment. At the end of Karpatian a vast regression took place. Denudation removed whole Mody Kameň and part of
Salgótarján formations in many places (Vass et al. 1979). A new sea transgression reached South Slovakia at beginning of the
Badenian, together with intense volcanic activity, products of which (andesite volcanoclastics) build up the Krupinská planina
Mts. and Pokoradzská tabuľa platform in the Rimavská kotlina basin. In southern part of the Krupinská planina Mts. the andesite
volcanoclastics are underlayin by the Príbelce Mb. (Vass 1977). They consist mainly of sandstones with volcanoclastic material
admixture and contain shallow marine fauna. Sedimentary textures (various types of cross-bedding) indicate litoral environment,
where deposition was controlled by dynamics of the tidal movements. Segmentation of the coastline led to development of
various sedimentary environments. It is indicated besides tidal platforms and sandy barrier complexes also by occurrences of
deltas, lagoons and carbonate bioherms. Regression of the sea coastline due to volcanic activity during the Early Badenian is
documented by presence of marine fauna in lahars of the Vinica Formation which entered the littoral environment from the
volcanic slope of the Šahy-Lysec volcanotectonic zone. After calming of the volcanic activity of the Vinica Fm. the sea
penetrated for the last time from the south to volcanic domes and volcanoes of the Šahy-Lysec volcanotectonic zone. The
Hrušovo Mb. tuffaceous deposits with marine fauna and nannoflora of the Early Badenian were deposited. After this episode the
sea definitely regressed from the area of south Slovakia.
After a long term emersion and denudation of the south Slovakia basins during the Pontian the northern part of the
Lučenec, Rimava, Rožňava and Turňa basins starts slightly to subside. Fluvial and lacustrine deposits of the Poltár Formation
(gravels, sands and kaoline clays) sedimented. Creation of these deposits was joined by basaltic volcanism, products of which
are represented by Podrečiany basaltic Formation (Vass & Kraus 1985), including maars, which are filled with fine grained
laminated lacustrine deposits rich in organic matter – alginite (maar near Pinciná), or diatomic clays (maar near Jelšovec; Vass
et al. 1997, 1998).
Younger basaltic formation is the Cerová Formation (Dacian – Later Quaternary). Various volcanic forms (scab cones,
lava flows, lava plateau, diatremes, penetrations and maars; Konečný & Lexa in Vass & Elečko eds. 1992) share to its
composition. As a consequence of the uplift of the Cerová vrchovina Mts. upland (Vass et al. 1986) and selective erosion of
softer deposits of the Fiľakovo Fm., the basaltic flows originally filling paleo-valleys now build long flats of the Cerová vrchovina
Mts. upland (relief inversion).
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Stop 1.1: Sand quarry Sandberg Hill near Devínska Nová Ves – NW outskirts of Bratislava
Marine littoral sediments of the Middle Miocene Sandberg Mb., Vienna Basin.
The outcrop is an international faciostratotype of the Upper Badenian (Kosovian, Bulimina-Bolivina foraminiferal zone)
(Švagrovský in Papp et al. 1978), and the stratotype of the Sandberg Beds of Studienka Fm. in the Vienna Basin (Baráth et al.
1994). More than 300 species of fossil organisms have been described here.
The base of sequence is characterized by clastic sediments unconformly covering Mesozoic limestones, which formed
a rock-cliff with surf caves in the Upper Badenian (Fig. B.2). These basal polymict breccias and sandy conglomerates with
calcareous cement, containing open-framework gravel lenses, are bioturbated by ophiomorphs. The clastic material of littoral
gravels is composed mainly of rocks from the near surroundings (Malé Karpaty Mts.). The surfaces of pebbles are burrowed by
marine bivalves, porifers and worms.
Fig. B.2. Simplified lithological profile
of Sandberd Mb (Baráth et al. 1994): 1.
Mesozoic limestones; 2. chaotic
breccias and conglomerates; 3. sand
and sandstones with gravel lenses; 4.
sands with clay admixture; 5.
calcareous clays; 6. limestones,
brecciated limestones and calcareous
breccias; 7. cross-bedding and
bioturbation; T2 dolomites (Middle
Triassic); J1 brecciated limestones
(Liassic); J1-2 marly limestones (Liassic
to Doger; J2-3 marly limestones (Doger
to Malm); K1 cherty limestones (Lower
Cretaceous).

The succession continues with light yellowish-grey mica-rich coarse-grained sand and fine gravel with cross bedding and
truncated wave ripples, documenting the deposition in the upper shoreface. The transition into offshore-bars environment is
documented by sand lenses bioturbated by ophiomorphs and echinoids, containing abundant molluscan fauna, as well as shark
teeths.
Going upward the grain-size is fining up to the structureless fine-grained marly sand with scarce gravel lenses,
containing ramnants of marine fishes and terrestrial vertebrates. The lenses and beds of lithified sandstone in this part of the
succession are bioturbated, and contain abundant molluscan shells, red-algal detritus and also echinoid remnants. This facies
document the deposition in the lower shereface zone.
Shoreface sandy facies in the middle part of the profile is poorly bedded, cross-stratified, containing thin red-algal
biostromes. Small rodoliths and detritus of coralls, bryozoans and echinoids are scattered within the sediment.
The upper part of the Sandberg profile documents a deepening of the sedimentary environment, caused by gradual
eustatic-driven transgression. The deposition is characterized by planar beds of sandy, organodetritic and bioherm limestones of
Leitha type, irregularly interbedded by Amphistegina marls. More shoreward they pass into bedded breccias, sandy breccias
and coarse-grained sandstones with positive gradation.
Seneš & Ondrejičková (1991) defined various types of benthic shelf ecosystems in the Sandberg profile: 1) hard rockysubstratum mediolittoral with sessile and vagile benthos, 2) aphytal infralittoral with sciaphyllic sessile benthos (infracoralligene),
3) disintegrated infracoralligene, 4) soft-substratum circalittoral with hard calcareous bodies of red algaes (eucoralligene), and 5)
disintegrated eucoralligene, forming „lithotamnian“ sand.

Stop 1.2: Gravel quarry at the SE margin of the Nemčiňany village
Fan-deltaic complex of the Pliocene Volkovce Fm., Danube Basin
The presented deposits represent a composite perennial-lacustrine fan-delta. Its geomorphic setting, shape, and
sedimentary processes are typical for alluvial fan related delta, which comprises aspects common to both Gilbert-, and slopetype fan-deltas. The proximal part of the deltaic complex, beyond its subaerial part, is characterized as an alluvial fan related
Gilbert-type delta front, and more to the distal part it is related to mass-flow dominated slope-type distal delta/prodelta. The
transport direction, and the petrographic composition of pebbles document that the Volkovce fan-delta is a Pliocene paleodelta
of the present Hron river, which was flowing from Central Slovakia suothwestwards, and its clastic material was transported from
fiew to more than 50 km distance.
The inspected outcrop shows the deposits of alluvial fan related Gilbert-type delta front. The most proximal part of the
Volkovce Fm. forming the fan apex, and the drainage basin feeder channel mouth is recently not preserved, due to erosion.
Some typical, and also some not common alluvial fan features can be distinguished in the field: a piedmont geomorphic setting
on the SW margin of Central Slovakian neovolcanic area, and plan-view fan shape are visible in Fig. B.3. The flow expansion
angle of about 120° is measured, being partly restricted by a small hill chain, related to basin transversal tectonics. The
restricted width of the proximal part led also to a unusuallly increased radial lenght of the coarse-grained fan up to 20 km. The
radial slope values of gravel beds were measured between 5° and 20° (average 10.7°). A high relief ratio of drainage basin, and
a very common sediment gravity flow activity are also typical for the studied fan delta. The pebble material of gravel bodies has
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the maximum grain size of about 8 cm (average grain size is 2-3 cm). In the case of flow depths assumed to 0.1 – 1 m in the
proximal part, the material was transported dominantly by bedload mechanism.
Fig. B.3. Coarse-grained fan delta
deposits. In lower part a developed
inclined deposit of delta foreset,
passing into horizontally stratified
deposit of delta topset.

The Volkovce proximal fan-delta sedimentary processes, generated by bedrock cliff failure, are represented by slided,
often some meters large, sandy mudstone olistoliths of Late Miocene age into the gravel bodies. The sedimentary processes,
generated by colluvial slope failure, are represented by sediment gravity flows as colluvial slides, cohesive and noncohesive
debris flows, as well by fluid gravity flows as sheet floods and incised channel floods. Alternating phases of transportation and
deposition of coarse gravels and sandy fine gravels in the sheet floods, which have give rise to the couplet facies, are caused
by the changing hydraulic conditions related to flow expansion and decreasing slope, as well as to intrinsic variations in depths
and velocity, typical of supercritical flows.
Foreset beds in the Gilbert-type delta front are up to 3 m thick, and are made up of massive, poorly-sorted subrounded to
rounded sandy matrix-supported gravels, interlayered by open-framework gravel lenses. Beds have sharp or transitional bases
and can show normal or inverse grading. Locally pebble imbrication is present; with pebble axis orientation mostly perpendicular
to the bed dips in the matrix-supported gravels in the presented outcrop Nemčiňany. Sometimes, thin silty and muddy foreset
layers are present, being more abundant basinwards. Soft-sediment deformation structures and slope-instability features have
been also found. These consist of water-escape injections and slump deformations.

Stop 1.3: Levice – Hyaloclastite breccias in the coastal zone of the Sarmatian sea
Products of Sarmatian volcanic activity on slopes of the Štiavnica stratovolcano accumulated in radially oriented
paleovalleys reaching down to the coastal zone of sea at the foot of the volcano. The Priesil Formation, representing products of
explosive and effusive activity of amphibole-pyroxene andesites, filled a broad valley starting from the margin of the caldera SE
of Nová Baňa and reaching the former coast north of Levice and spreaded further westward and southwestward in the form of a
broad fan. Our locality is situated at the southern, marginal part of this fan.
The formation is completely dissected by the Hron River east and south of Hronský Beňadik. In its lower part dominate
pyroclastic
flow
breccias
and
epiclastic volcanic rocks - breccias,
conglometrates and sandstones.
Lava flows and hyaloclastite breccias
are rare. Its most widespread upper
part is represented on slopes of the
volcano by lava flows and related
lava breccias, in the area of former
sea by lava flows accompanied by
hyaloclastite breccias, hyaloclastites
reworked into blocky conglomerates
with sandstones and reworked
phreatomagnatic tuffs.
Fig. B.4. Submarine breccia flows and hyaloclastite breccias in the coastal zone of the Sarmatian sea,
Outcrops at the locality
Levice. A – rocky cliff under ruins of the Levice castle, B – rocky outcrop under the Kalvária hill
demomstrate what happens with a
opposite to the Levice castle. a – bedded epiclastic volcanic siltstone with sandstone intercalations, b lava flow that enters shallow marine
sorted and thick-bedded epiclastic volcanic breccia, c – chaotic epiclastic volcanic breccia (products of
environment. Chilling effect of water
massive transport in form of debris flows), d – light pumice tuffs with andesite fragments (products of
is responsible for an intense
mass-transport); e – blocks of disintegrated lava flow, f – brecciated lava flow / blocky hyaloclastite
desintegration of lava into glassy,
breccia, g – chaotic hyaloclastite breccia (breccia flow).
partially vesiculated blocks and
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fragments, which accumulate at the front, margins and top of the lava flow (Fig. B.4a). If gravity potential is available, as there
was the case in this locality, breccia moves further down the slope or submarine canyon in the form of hyaloclastite breccia flow.
Moving breccia deformes underlaying soft sediments (tuffs) and eventually incorporates deformed sediments into matrix (Fig.
B.4b).
Lava flows of the Priesil Formation were not dated by a radiometric method. Tuffaceous sediments underlaying a lava
flow next to Tlmače yielded Early Sarmatian fauna (Váňová 1960; Brestenská 1971). So the Early Sarmatian age of the
formation is assumed.

2ND DAY PROGRAMME
M. Kováč, D. Vass, I. Baráth, M. Elečko, Ľ. Sliva, V. Konečný, J. Lexa & R. Vojtko
Stop 2.1: Sokolia skala cliff south of Hrušov – Early Badenian submarine extrusive dome
Initial stages of the back-arc extension during the Early Badenian time resulted in a marine transgression in southern
parts of the Central Slovakia Volcanic Field. Disintegration of the region into horsts and grabens was accompanied by volcanic
activity of amphibole-hypersthene andesites, often with accessory garnet, biotite and/or quartz.
At the southern slopes of the Krupina plateau there is exposed a number of submarine extrusive domes of the Vinica
Formation, related to the NE-SW striking Šahy-Lysec volcanotectinc zone (Vass et al. 1979). The zone corresponds to the
former Šahy elevation, limiting the Early Miocene transgressions towards the North. During Early Badenian this elevation
disintegrated along a system of NW-SE striking faults. Their crossing with the main zone was used for the ascent of lava giving
rise to extrusive domes. Viscous lava eventually interacted with water in underlying sediments and/or shallow sea causing a
strong brecciation. According to the level of brecciation we distinguish extrusive bodies (Fig. B.5):
Fig. B.5. Schematic section of the Vinica formation
showing styles of submarine volcanic activity: (1)
underground brecciation followed by extrusion of
blocky breccia flows, (2) subsurface brecciation
during protrusion of marine sediments and (3)
extrusive dome with surficial brecciation. 1 submarine pyroclastic flow, 2 - submarine breccia
flow, 3 - submarine debris flow, 4 - epiclastic volcanic
breccia/conglomerate (a), conglomerate (b), 5 epiclastic volcanic siltstone (a), sandstone and
siltstone (b), 6 – tuffitic sands with pebbles of
basement rocks, 7 - Early Miocene sediments.

(1) with underground brecciation followed by extrusion of blocky pyroclastic/breccia flows, (2) subsurface brecciation
during protrusion of marine sediments and (3) extrusive domes with surficial brecciation. Blocky, fragmented material
accumulated in great volumes around individual extrusive domes and became unstable, giving raises to submarine breccia
flows and debris flows, which alternated with reworked epiclastic breccias and sandstones. Material was transported mostly
towards the Northwest into the subsiding Krupina Depression, where it accumulated in thickness up to 300 m.
At the locality Sokolia skala there is in a quarry exposed the lower part of extrusive dome, which underwent brecciation at
the level of contemporaneous marine sediments (exposed at the right side of the quarry). The quarry documents the process of
brecciation – massive andesite at the base of the quarry passes upward gradually into chaotic blocky breccia at the top of the
quarry. Subvertical zones of brecciation in massive andesite indicate partial movements within the rising dome.

Stop 2.2: Sand quarry at the northern margin of the Horné Príbelce village
Tide and wave influenced littoral sand – Early Badenian Príbelce Sand, Novohrad-Nógrád Basin.
The inspected outcrop is a stratotype locality of Príbelce Mb. The biostratigraphic timing to the Karpatian/Badenian
boundary is based on the assemblage of foraminifers with Dimorphina variabilis Neugeboren and Amphistegina lessoni Orbigny,
and on the nannoplankton with dominant Coccolithus pelagicus (Walich) Schiller and Helicosphaera carteri (Walich) Kamptner.
The outcropping sand and fine-grained gravel with tuphitic admixture deposited in a shallow marine environment. The
lower part of the profile is characteristic by thin-bedded intercalation of coarse-grained sand and fine-grained sandy gravel with
abundant remnants of molluscan shells, and a presence of balanids, solitere corals and shark teeths. The wave-deominated
upper shoreface environment is documented also by positively-gradded cross-bedded lenses, representing sand bars. The
depositional sand bodies are bioturbated by Ophiomorpha and Thalassinoides.
Going upwards the foreset cross-bedded sands and gravels are alternating with wave-reworked rippled sands and
gravels. The foreset units are interpreted as deposited under the dominance of tidal currents in the subtidal zone. The
alternation of tide-influenced and wave-dominated depositional environment thus show a cyclicity of subtidal and intertidal
environments. The sigmoidal foreset bundles are often associated with double mud drapes. In some places we can measure
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alternating thick and thin foreset units, reflecting the daily inequality of the tide. Also well-preserved herringbone cross
stratification may support the tidal influence to the deposition (Fig. B.6). Some of the small scale ripples with an orientation
opposite to that of the megaripples in which they are intercalated can be formed as backflow ripples by unidirectional currents.
The fossils content in the wave reworked sand often shows a monoassociation of small gastropods, typical for grassy tidal
plateaus.
Fig. B.6. Horné Príbelce quarry. Detail view to herringbone cross
stratification.

The deposition in the dynamic tidal-bars environment
terminated by an up to 2 m thick wave-reworked sand body,
representing probably prograding beach barrier, in the middle part
of the Príbelce sand quarry.
The upper part of the profile consists of laminated beds of
tuffitic sand and muddy silt. The laminated fine-grained strata are
often subject of small-scale deformations due to bioturbation and
gravitational creeping, as well as by liquefaction related
hydroplasticity. This part of the succession is interpreted as the
onset of a new depositional sequence, deposited in the lower shoreface zone, deeper as the storm wave base.
The marine sandy sediments of the Príbelce Mb. are erosively covered by poorly sorted bouldery and coarse grained
volcanic agglomerate, deposited from mostly subaerial debris flows, associated with volcanic activity in the close vicinity.

Stop 2.3: Sand quarry at the western vicinity of the Horné Strháre village
Deltaic fine gravel to sand – Early Badenian Príbelce Sand, Novohrad-Nógrád Basin.
In the lower 10 m thick portion of outcropping deposits we can inspect steeply-diping (20°) homoclinal foreset body of
fine-grained sandy gravel with well sorted, well rounded, and matured mostly quartz pebble material. It is interpreted as
a subaquaeous delta-front foreset, prograding to the south.
The overlying composite lenticular foresets of gravely sand represent the deltaic mouth-bar complex. Its upper surface is
erosionaly cut by a thin layer of coarse to medium-grained gravel, which can be interpreted as a transgressive lag deposit, e. g.
an erosive remnant of previous prograding alluvial facies association with fluvial gravels.
The gravel bed is overlain by a structureless tuffitic sand with minor gravel layers, containing rich shark teeth and poorly
preserved vertebrate bones. This part of the outcrop can be interpreted as a transgressive sand sheet facies association with
some re-activation lag surfaces. During the deposition of these sediments the river mouth shifted landwards.
The higher part of the succession shows some marine cycles of tide-influenced, and wave reworked sand bars. The tidal
influence is visible, due to the herringbone cross-stratification, and mud-drape couplets within the sigmoidal foreset bodies,
originated in the subtidal area. Some of the wave-reworked shoreface related sand bodies reach up to 3 m thickness.
Later re-deepening of the area is accommodated by a new southwest-prograding sandy delta lobe with silty intraclasts, in
which a 1.3 m thick slump-fold deformation was observed. Upwards the sandy facies is alternating with positively graded sandy
gravels, deposited from subaquaeous gravity flows. Within the products of the latest massive sandy gravity flows we observed
a drown 5 m large block of andesite.
The sandy sediments are covered by an unsorted bouldery subaquaeous hot lahar deposit, containing boulders of up to
1.5 m large in a glass matrix.

Stop 2.4: Small system of sand slope cuts at the NE margin of the Hámor village
Marine algal-rich littoral sand – Early
Badenian Príbelce Sand, Novohrad-Nógrád
Basin.
The
lower,
considerable
unhomogenic horizon is formed by grey
coarse-grained
crumbly
sand
with
consolidated sandstones with red-algal and
oysters fossil remnants. Calcite cemented
sandstone laterally pinches out and its
geometrical arrangement shows a vertical
section. Its calcification suggests to bottom
consolidation by algal incrustation, where
Fig. B.7. Environment reconstruction
sedimentation of sandstone horizon.

during
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the individual bioherms were dissected by bottom erosion. Influenced by lateral shoaling and vertical aggradation, this bioherms
were able to grow, and in the outcrop we can observe columnar forms with vertically aligned thin layers, representing individual
periods of bioherms growth and sedimentary influenced breaks. In the areas among bioherms, there are observable „bags“ filled
by coarse sand and shell detritus. Fossil fauna is poorly preserved, and it was probably removed from the surface of bioherms.
The fossils are represented by Bryozoa, Lithotamnium, Ballanus sp., Arca noae Lam., Chlamys multistriata Poli., Flabelipecten
besseri Andrz., Ostrea digitalina Dub., Beguina hippopea Bast., Cardita sp., Cardium sp., Trochus sp., Conus sp., Turbo
carinatus Bors., Carithium sp., and Murex plicatus Brocc.
According to the sedimentary facies and faunal content, it is possible to correlate this paleoenvironment with recent
eucoraligene environment in Adriatic shelf (Fig. B.7). Eucoraligene is characterised by consolidated living and dead bioherms,
which are composed of algaes, porifers, bryozoans, solitary corrals, and sessile and vagile molluscs. Bioherms have irregular,
loave shapes, and they are typical for areas of circalittoral and infralittoral with the water depth 20 to 120 m. According to
bathymetry, the associations of algal and molluscan species are changing.
Upper part of the outcrop is formed by yellow tuffitic sand with carpet-like bioherms, covering undulated erosive surface.
This sand contains rich, but poor preserved fauna with species Arca diluvii Lamk., Pecten sp., Pecten subarctuatus Tourn.,
Chlamys multistriata Poli., Chlamys miltiscarabella Sacco, Chlamys seniensis Lamk., Venus sp., and Cardium sp.. The sand is
often bioturbated by Thallassinoides and Ophiomorpha burrows.
Based on the sediment distribution and faunal species association respectively, this deposits represent fine to coarse
sandy aphytal environment of infratidal zone. This environment is similar to the recent one in Adriatic shelf, where the infratidal
zone is in the depth of 30 m.

Stop 2.5: Sand quarries and lane cut profile at the western margin of the Čakanovce village, NovohradNógrád Basin
Eggenburgian vertical facies variation, controlled by the sea level oscillation.

Fig. B.8. Čakanovce locality – lower part. Large scale cross-stratification of
tidal bars.
The lower part of the otcrop (Fig. B.8) exhibits cross-stratified
sand of orange colour. It represents the upper alluvial-processes
influenced part of tidal dunes of the Jalovce Beds. The well-sorted
sand bodies contain ferrous concretions, and diagenetic liesegang
pictures. The original features of deposition are given by the
deposition in tidal bars. The sedimentary structures are very similar
to the deposits of fluvial origin, however there are missing finingupward bodies, and associated fines. The final colour of the
sediment results from the upper surface of the sand succesion,
which dealed as a subaerial erosional surface, i. e. depositional
sequence boundary, being a subject of alluvial processes.

Fig. B.9. Upper part of locality Čakanovce. Massive and
bioturbated sands of shoreface passing into fining-uppward delta
sequences in the upper part.

The superposed depositional sequence (outcropping in the road cut) reflects a rapid deepening of the sedimentary area,
mirrored by the deposition of open-marine facies. It is represented by grey to yellowish-grey calcareous clay and silt,
intercalated by distal turbiditic fine-grained sand of the Čakanovce Beds – temporal and facial equivalent of the Szécsény
Schlier Formation in Hungary. These offshore deposits are rich in foraminiferal and molluscan fauna.
In the upper sand quarry in the profile (Fig. B.9) we can inspect structureless sand bodies with scarce remnants of shallowwater bivalve shells, and burrows of Ophiomorpha. This mass-flow originated shoreface sand document a shallowing of the
depositional area beyond a deltaic inflow. We call them Lipovany Sand.
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The upper part of the same quarry (Fig. B.9) shows the onset of fining-upward fine to medium-grained gravelly deposits,
representing a deltaic facies association. The gravel gradually passes into sand and delta plain related alluvial mud, rich in plant
remnants.
The sedimentary succession continues by a bulk of Bukovinka Formation fluvial gravels and variegated alluvial clays,
covered by rhyodacite tuffs.
At the top of the presented hill, there starts the next depositional sequence, represented by Ottnangian Pôtor Beds of the
Salgótarján Formation, composed by sand and coal seems (not outcropping yet).

Stop 2.6: Sand quarry at the Belinská skala hill, 2.5 km southwest of the Čamovce village
Large-scale cross-stratified sand – Eggenburgian Jalová Sand (Hungarian Pétervására Sandstone equivalent),
Novohrad-Nógrád Basin
In the lower part of the outcrop, there are coarse-grained sandstones of grey to yellowish-brown colour. The sandstones
contain glauconite, scarce laminae of siltstone and mudstone, as well as thin lenses of fine-grained conglomerate. From the
petrographic point of view the sandstones are lithic arcoses.
Characteristic structural feature of the sandstones is a large-scale cross stratification. The cross stratification form
bundles are 2.4 – 12.6 m thick. The bundles are not laminated, but consist of beds of various thickness 2 – 17 cm. The cross
stratification shows a general dip 10 - 34° to the north, north-northeast (Fig. B.10). Within the sigmoidal cross stratification we
can inspect some sandflow structures, demonstrated by sandstone lenses, originated under sliding of the sand down of the
steep dune slope. Thin layers within the bundles have distinct internal structure with positive gradation, starting by coarsegrained sand, and/or fine gravel.
The fine-grained gravel consists of well-rounded pebbles of resistant rocks, such as cherts and quartz. The sandstones
contain rare remnants of thick littoral shells.

Fig. B.10. Čamovce locality. Large scale cross-stratification of tidal bars (Eggenburgian). In the
uppermost part of this photo is coarse-gravel and basalts (Pliocene).

The Jalová Sand depositional bodies represent tide-dominated sandwaves, and related tidal-channel fills, deposited in
a shallow marine environment.
The Eggenburgian Jalová Sand Member, as a part of the Fiľakovo Fm. is unconformly covered by jounger gravel in the
Čamovce outcrop. This thin (0.5 m) layer of coarse-grained gravel (Belina Beds) consists of quartz, quartzite, sandstone and
metaquartzite well-rounded pebbles. The gravel represents a fluvial facies, deposited in a Pliocene valley, being later filled by
basalt lava flows.
The upper part of the outcrop is built by Pliocene to Early Pleistocene basalts (Cerová Basalt Formation). The basalts are
mostly massive, dark grey to black in colour in the middle part of the lava flows. At the surficial parts of the lava flows, and/or at
their basal parts, there are developed lava slagy breccias. The jointing is blocky, in the basal parts often thin bedded, and higher
prismatic – well developed in the outcrop. Due to the weathering process we can inspect also a „sonnenbrand“ type jointing to
small spheric fragments.
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Basaltic lava flow of the Belina hill (Fig. B.11) had its source at the base of the Monica scoria cone at 525 m a.s.l. and
flowed northwestward following a paleovalley of this direction. Lava flow stoped having the length of 4 km at the hight 450 m
a.s.l. A normal magnetic polarity and K/Ar dating to 4,76 ± 0,44 Ma points to the probable assignement to the C3n3n chrone of
the Berggren’s paleomagnetic scale.
The lava flow is build of massive lava with subvertical columnar jointing in the lower part. At the base of the lava flow
there are sporadically preserved fluvial channel lag sediments „Belina Beds“ of the Romanian age (Late Pliocene). So, the lava
flow covering now a top of the Belina hill is a good example of the relief inversion due to a preferential removal of Early Miocene
sediments forming originally walls of the paleovalley.

Fig. B.11. Lava flow of Belina hill and Monika scoria cone:
1 - scoria cone, 2 - lava flow, 3 - fluvial sediments, 4 - lava neck.
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3RD DAY PROGRAMME
V. Konečný & J. Lexa
Stop 3.1: The Šiator intrusive complex – Badenian garnet bearing andesite
Neogene calc-alkali volcanism is represented in southern Slovakia by intrusive bodies of garnet-bearing andesites.
During Badenian time the Early Miocene sediments were intruded by several andesite sills and lacolliths (Fig. B.12). Intrusive
body at the visited locality is built of massive andesite with blocky to columnar jointing. At the contact with Eggenburgian
sediments, which are broken and replaced, andesite is brecciated and/or vesiculated.
Due to the thermal effect of the intrusion sediments are metamorphosed under conditions of the hornfels facies.
Assemblage of newly formed minerals is diopside - plagioclase - orthoclase - quartz (locality Šiator).
Subsequent hydrothermal activity, which
involved meteoritic water, was responsible for
alteration and formation of secondary minerals. These
show a pronounced zonal arangement with increasing
distance from the contact. In order of descending
temperature
there
are
distinguished
mineral
assemblages:
biotite,
quartz-carbonate-epidote,
chlorite-sericite,
apofylite-skolecite-epistilbnitelaumontite-heulandite-chabazite-stilbite-quartezitesmectite (Hojstričová et al. 1995).
Andesite is medium to coarse grained,
porphyritic, light green to dark green in colour. It
contains phenocrysts of plagioclase, hypersthene,
amphibole and scarce biotite. Characteristic there are
garnet phenocrysts, up to 1 cm in diameter. Garnets
are of almandine compositon, showing well-developed
zonality and rarely also enclosed plagioclase
phenocrysts. The presence of garnet phenocrysts
implies a high-pressure crystallisation prior the magma
upraises to the surface, most probably at the base of
the Crust.
Groundmass shows a variable texture. It is
granular micro-allotriomorphic in the central parts of
Fig. B.12. Scheme of the Siator intrusive complex. 1 – fluvial deposits
intrusive bodies, while it is felsitic-microlitic in marginal
(Quaternary), 2 – deluvial deposits (Quaternary), 3 – garnet-bearing andesites
parts. Owing to autometamorphic processes
(lacoliths and sills), 4 – Early Miocene (Eggenburgian) sedimentary rocks.
(subsolidus reactions with fluids) mafic minerals are
hematitized, chloritized and replaced by secondary
carbonate and quartz.
Andesite contains a number of xenoliths. The most frequent there are xenoliths of crystalline schists, gneisses, banded
gneisses, amphibolites, migmatites and granitic rocks (Hovorka & Lukáčik 1973).

Neogene - Quaternary Alkali Basalt Volcanism in Central and Southern Slovakia
Outline of alkali basalt volcanism in Slovakia
Alkali basalt volcanism was active since the Late Miocene to Quaternary time. Volcanic centers are situated mostly on
stable blocks bordering young extension basins during the thermal stage of their subsidence. A local updoming
contemporaneous with alkali basalts in the Cerová vrchovina highland may indicate the presence of spatially limited mantle
plume responsible for generation of alkali basalt magmas.

Central Slovakia
Only scarce eruptive centres are known in the area of Central Slovakia Neogene Volcanic Field (Fig. B.13), dominated
by andesite to rhyolite stratovolcanoes and dome/flow complexes. The initial manifestation of alkali basalt volcanic activity at 8.0
Ma (Devíčie) followed closely after calc-alkali volcanism terminated by the activity of high alumina basalts and/or basaltic
andesites with radiometric age 12-8,2 Ma.
A relict of lava flow at the locality Devičie (1 km to south of Krupina) represents the oldest alkali basalt volcanic product in
Slovakia. The lava flow fills a paleovalley of the east-west direction. Source of the flow is not known, related cinder or spatter
cone was eliminated by erosion.
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Fig. B.13. Relics of alkali basalt volcanism in Central
Slovakia Neogene volcanic field. 1 - lava flows and
lava complexes of alkali basalts , 2 - a) cinder cone;
b) supposed cinder cone/removed by erosion); 3 lava necks; 4 - fluvial limnic sediments of
depressions dammed by lava flows a) Riss/Würm, b)
Late Miocene/Early Pliocene; 5 - margins of Central
Slovakia Neogene volcanic field; 6 - state boundary.

An extensive lava plateau Ostrá Lúka (6 km southwest of Zvolen) consists of several lava flows that moved northward over the
relatively flat topography of a wide paleovalley. The source scoria cone at the southern edge of the lava plateau has been
eroded off. Damming of the paleovalley at the southern edge of the lava plateau resulted in the origin of a small lake, filled-up by
silt and clay sediments about 30 m in thicknes. Association of the sporomorphs within sediments indicates the age close to the
Miocene/Pliocene boundary (Planderová in Konečný et al. 1983).
The lava neck Kalvária near Banská Štiavnica, with almost isometric shape (90 to 100 metres in diameter), forms a
conspicuous hill with a churche at the top. Outward dips of the columnar jointing at margins of the neck imply, that lava originally
filled up a crater in the form of a lava lake. Another neck at the locality Kysihýbel (2 km east of Banská Štiavnica), exposed in
the railway cut, is disected in a deeper level. It consists of two vertically oriented eliptical lava bodies separeted by basaltic pipe
breccia.
The volcano Pútikov vŕšok (near Nová Baňa) represents the youngest manifestation of the alkali basalt volcanic activity
in Slovakia. Hawaian and Strombolian eruptions created a sizeable cinder cone. Associated lava flows moved generally
northward, covering eventually a terrace gravel accumulation of the Hron River attributed to the Riss age (Šimon et al. 1996).

Southern Slovakia
Most of the alkali basalt to basanite volcanic activity took place in the region of Southern Slovakia (Lučenec basin and
Cerová vrchovina highland), extending over the state boundary into northern Hungary (Salgótarján area). Volcanic activity in the
time interval 6 – 1 Ma created a basaltic field of cinder cones, lava flows, maars and diatremes extending over the area of more
2
than 150 km (Fig. B.14). In the NW part of the Lučenec basin volcanic activity took place mostly in the fluvial and/or limnic
environment, while in the Cerová vrchovina highland volcanic products were deposited in the terrestrial environment. Two
volcanic formations are distinguished in southern Slovakia (Vass & Kraus 1985):
An older Podrečany basalt formation of the Pontian age occupying the NW part of the Lučenec basin.
A younger Cerová basalt formation of the Pliocene - Pleistocene age, occupying the Cerová vrchovina highland and
northern Hungary.

Podrečany basalt formation
The formation includes several lava flows and two maars (Vass et al. 1992). Lava flows coming from assumed eruptive
centres (cinder cones?) at the northern margins of the Lučenec basin followed southerly oriented paleovalleys and finished in
the fluvial/limnic depositional area of the Poltár Formation. Interbedding of lava flows and sediments has been observed in
boreholes.
Maars of the Podrečany Formation originated by phreatic and phreatomagmatic explosive activity due to a contact of
ascending lava with water saturated Early Miocene sediments and/or water in the lake. Maars are of the semicircular shape with
diameters 200 m (Pinciná) and 2000-2500 m (Jelšovec). Their tuff-ring consists of palagonitized lapilli tuffs and scoria with
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scattered basaltic bombs and numerous fragments of underlying Early Miocene sediments. Their central depressions are filled
up by diatomitic clay layers (Jelšovec) and alginite (Pinciná) (Vass et al. 1997). Subsequently the maars were covered by
sediments of the Poltár Formation.

Cerová basalt formation
The formation includes a large number of cinder cones, lava flows, maars and diatremes (a basaltic field) of the Pliocene
– Pleistocene age, extending over the Cerová vrchovina highland and close surrounding (Vass et al. 1992). Uplift
contemporaneous with volcanic activity created a dome structure indicated by geomorphologic evidence as well as by a change
of hydrodynamic regime (Vass et al. 1986). Products of the initial volcanic activity were deposited on a relatively flat relief in the
centre of future updoming (lava plateaus of Medvedia výšina and Pohanský vrch). Later, due to the proces of updoming,
volcanic activity moved towards margins of the evolving dome, lava flows frequently following newly formed radially oriented
valleys. A conspicuous inversion of the relief has been observed. Older volcanic forms were uplifted to the highest level and
often deeply dissected, while younger volcanic forms filled up valleys or they are situated at the outskirts of the dome.

Fig. B.14. Geological sketch map showing the distribution and forms of Late Miocene to Early Quaternary alkaline volcanics in southern Slovakia. Cerová
Vrchovina formation (Middle Pliocene-Pleistocene): 1 - lava flow, 2 - scoria cone, 3 agglomerates, 4 - lapilli tuffs, 5 - maar, 6 - eruptive centres: 6a)
diatreme, 6b) neck, 6c) extrusion, 6d) dyke, Podrečany formation (Early Pliocene); 7 - lava flow, 8 - maar, Belina beds (Romanian?), 9 - gravels, clays,
sands, Poltár formation (Pliocene), 10 - clays, sands, gravels, rare lignite lenses, 11 Early Miocene sediments, other signs, 12 - updomed area, 13 - local
scale elevation, 14 - direction of lava flows, 15 - state boundary, 16 - undivided basaltic rocks.

Volcanic forms
Cinder and spatter cones are built up of agglomerates and agglutinates alternating with lapilli tuffs and basaltic bombs.
They are frequently accompanied by lava flows and/or lava plateaus. Disection of some cones revealed a transition from the
early phreatic to phreatomagmatic eruptions to the late Strombolian and/or Hawaiian eruptions. Only scarse relicts of deeply
eroded cinder cones are present within the updomed area. On the other hand, in the area of Fil'akovo (north of the updomed
area) a conspicuous group of younger cinder cones (Veľký and Malý Bučeň) were preserved.
Lava flows reach a length of several kilometres. At the relevant volcanic centers there are usually remnants of cinder
and/or spatter cones. The shape of lava flows depends strongly on the orientation and morphology of paleovalleys. Fluvial
deposits of former paleovalleys are preserved sometimes at the base of the lava flow. Individual lava flows are of a variable
thickness 5 - 50 m. Most of the thickness is represented by massive lava with platy jointing at the base, passing upward into
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blocky and/or columnar jointing. Vesicular lava breccias of the „aa“or block-lava type form the uppermost and marginal parts of
the lava flow, rarely they are present also at the base of the lava flow. Pahoe-hoe type lava flows have not been observed.
In the case of a high lava outflow rate and a flat surface lava flows accumulated in the form of the lava plateau
surrounding the source cinder cone. The largest lava plateau Medvedia Výšina in the southern part of Cerová vrchovina
2
highland (extending to northern Hungary) occupies the area of 12 km .
Lava necks and dykes cutting underlying Early Miocene sediments in the eroded parts of the region (central part of the
dome) represent feeding channels of lava flows and/or cinder cones. Lava necks and dykes often penetrate through earlier
breccia filling of diatremes. Orientation of columnar jointing in the uppermost part of the lava neck implies often a transition to
the lava lake body filling the former crater or maar.
Maars are generally exposed roughly 100-130 m bellow original surface (the base of nearby lava flows). Early phreatic
explosions initiated by a contact of uprising magma with water-saturated Miocene sediments (at the depth around 1000 m)
created maar depressions, subsequently infilled by lakes, surrounded by tuff rings. Palagonite tuffs deposited on internal slopes
of the maar were eventually reworked due to the erosion and gravity sliding. Later a decreasing water/magma ratio at depth
brought lava to the surface, where it interacted with water in the maar lake stimulating violent eruptions of the Surtseyan typegiving rise to palagonite tuff cones. Elimination of the maar lake due to accumulation of volcanic material has caused a final
transition towards mixed Surtseyan - Strombolian eruption (palagonite tuff of proximal base surge deposits are mixed with
basaltic bombs) and finally to Hawaiian eruptions (agglutinated scoria and bombs or lava lake).
Diatremes are exposed conduits of maars removed by erosion. Their filling reflects evolutionary stages of maar
structures. The early phreatic stage is represented by megabreccia of Early Miocene sediments cemented by sandy matrix with
small tuffaceous admixture. Products of following phreatomagmatic activity are represented by massive palagonite tuffs with
sand admixture, pieces of vesiculated basalts and fragments of surrounding Early Miocene sediments. Younger breccias of
scoriaceous basalt fragments (with or without palagonite tuff matrix) imply a transition towards Strombolian eruptions. Basaltic
dykes cutting through diatreme filling of earlier stages are feeders of the final stage of Hawaiian eruptions. Subsided blocks of
the maar filling may occur in the uppermost part of the diatreme (e.g. Šurice).
Summarizing volcanic history of individual volcanic centers, one can establish a following simplified scheme (Konečný
and Lexa 2000):
Initial phreatic eruptions create the diatreme and early, relatively small maar.
Following phreatomagmatic eruptions enlarge the diatreme and maar, which includes a well developed tuff ring at this
stage.
Transition to violent Surtseyan eruptions if the maar lake is present, formation of a tuff cone.
Transition to mixed Surtseyan/Strombolian and Strombolian eruptions, formation of a scoria cone.
Transition to mixed Strombolian/Hawaiian and Hawaiian eruptions giving rise to scoria/spatter cones, lava lakes and/or
lava flows.
Depending on the volume of ascending magma the evolution of the volcanic center might be concluded in any one of the
mentioned stages.

Timing of volcanic activity
Results of K/Ar dating (Balogh in Konečný et al. 1995), degree of volcanic form destruction, relationship to morphology,
and results of paleomagnetic measurements imply that volcanic activity took place in seven phases (Fig. B.15):
The 1st volcanic phase (8.0 – 6.4 Ma) of the Pannonian - Pontian age includes basaltic relics in central Slovakia (necks
close to Banská Štiavnica, lava plateau Ostrá Lúka and lava flow Devíčie) and lava flows and maars of the Podrečany
Formation in the NW part of the Lučenec Basin, formed in the limnic environment of the Poltár Formation. Biostratigraphic
evidence points to the Pontian age of the Poltár Formation (Planderová 1986).
Volcanic activity of the 2nd volcanic phase (5,43–3,74 Ma) during the Dacian stage of Pliocene occurred dominantly
inside and subordinately at the margins of an updomed area in the southern part of Cerová vrchovina highland. Lava necks
Šomoška, Veľké Hradište, Steblová skala, relics of cinder cones and lava complexes Pohanský vrch, and lava flow Belinský
vrch have been formed. Volcanic forms reveal an advanced degree of destruction.
Volcanic activity of the 3rd volcanic phase (2.92 – 2.60 Ma) during the Early Romanian stage of Pliocene, following a
longer lasting break, occurred mostly close to margins of the updomed area (lava flows Mačacia - Tri chotáre, complex Ostrá
Skala and diatremes Šurice, Hajnačka).
During the 4th volcanic phase (2.25 – 1.6 Ma, Late Romanian stage of Pliocene) volcanic activity expanded over margins
of the updomed area (lava flows Ratka - Fil'akovské Kováče and Buda - Hodejov, a complex maar Bulhary). Within the
updomed area it has created the lava plateau Medvedia výšina along with a related cinder cone. Within sedimentary filling of the
maar to the south of Hajnačka village skeletons of mammal fauna have been described by Fejfar, (1964). The assemblage of
skeletons corresponds to the zone MN-16 (Nairn et al. 1975), representing roughly the time interval 1.8–2.0 Ma.
The 5th volcanic phase (1.51 – 1.16 Ma) of the Early Pleistocene age is dominantly concentrated to the NE of Fil'akovo
within the Lučenec basin (group of cinder cones Veľký Bučeň with lava plateau at their foot). Lava flows directed to the North
reached the lowest levels of paleovalleys (about 200 m above sea level) what is in good agreement with the radiometric age.
Sporadic volcanic activity continued also within the updomed area (spatter cone Dunivá hora and related lava flow, scoria cone
Roháč and related lava flow Borkút).
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Fig. B.15. Paleogeographic reconstruction of volcanic activity. 1 - active volcanism of particular volcanic phase, 2 - older volcanics as particular volcanic
phase, 3 - volcanics thata shall erupt during younger phases, 4 - sedimentary basin of Poltár formation, 5 - updomed area, 6 - state boundary.
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During the 6th volcanic phase (around the Günz/Mindel boundary or Early Mindel) maars Hodejov and two maars at Fil'akovo
(castle hill and Červený kopec) were formed as inferred from their relationships to river terraces.
The 7th volcanic phase of the Late Pleistocene age is represented by the Pútikov vŕšok volcano in the Central Slovakia
Volcanic Field, composed of a cinder cone and related lava flow (Šimon & Halouzka 1996). The lava flow was dated to 0,53 ±
0,16 Ma. As it covers terrace accumulations of the Hron River assigned to the Riss stage of Pleistocene, the age of the volcano
corresponds most probably to the time interval 0,13 – 0,22 Ma.

Evolution of the alkali basalt volcanic activity
Activity of alkali basalt volcanism started in the area of central Slovakia during the Pannonian time (1st phase).
Subsequently it moved into the region of southern Slovakia. Initial volcanic products of the Pontian age (Podrečany Formation)
are located in the NW part of the region (1st phase). Lava flows, following the southeaster orientation of paleovalleys, finished in
the fluvial/limnic sedimentary environment (Poltár Formation). In places, where ascending magma came into contact with watersaturated sediments, maars were formed. At this time the Cerová vrchovina highland was already an area with the continental
environment due to its initial uplift.
The following volcanic activity during the Pliocene to Early Pleistocene time was confined to the Cerová vrchovina
highland area, which went through a contemporaneous uplift (Vass et al. 1986). Volcanic activity started in its southern part
and/or in northern Hungary (2nd phase). Subsequently the eruptive centres migrated to the margins of the uplifted area (3rd
phase). Afterwards the main volcanic activity expanded beyond the limits of uplift, but still it continued in a restricted extent also
in its central part (4th and 5th phases). Volcanic activity in the Cerová vrchovina highland area was concluded during the Early
Pleistocene by phreatomagmatic eruptions giving rise to several maars situated at the periphery of the uplifted area (6th phase).
The youngest alkali basalt volcanic activity of the Late Pleistocene age took place again in the region of central Slovakia.
As the time that elapsed since the last eruptions is shorter than
breaks between volcanic phases, we should not consider the alkali
basalt volcanic activity in Slovakia as finished one. Future eruptions
cannot be excluded.

Composition of rocks and petrological aspects
Young alkali basaltic rocks of the Neogene to Quaternary age
define three distinct fields on TAS diagram. Basanites and tephrites,
subdivided according to normative olivine, define the first field.
Rocks enriched in alkalies are grouped in the fonotephrite field.
Rocks enriched in silica plot in the trachybasalt and basaltictrachyandesite field. All alkali rocks are Si-undersaturated with
normative nepheline implying predominance of Na2O over the K2O.
Petrologic aspects of alkali basalt volcanics in the CarpathoPannonian region were recently evaluated on the basis of geochemical
and isotopic data by Embey-Isztin et al. (1993) and Dobosi et al.
(1995). Alkali basalts and nepheline basanites are products of partial
melting in depleted asthenospheric mantle with a variable relict
(especially isotopic) subduction signature. Lithospheric component
plays a subordinate or even negligible role. Composition of magmas
was controlled mostly by a degree of partial melting; less important
were processes of fractionation. Recent processes of diapiric uprise in
the mantle related to generation of alkali basalts in southern Slovakia
are indicated by PT conditions of mantle xenoliths equilibration, which
fall on the adiabatic trend in the depth interval 50 - 90 km (Huraiová
and Konečný 1993, P. Konečný et al. 1995). Rare extreme fractionation
and limited crustal contamination of ponded alkali basalt magma in
lower crust has been recently described by Huraiová et al. (1996).

Stop 3.2: Fiľakovo maar / tuff cone
Fig. B.16. Castle hill at Fiľakovo - remnants of the eroded maar
/ tuff cone. A - planar scheme, B – section: 1 - inner slope of tuff
cone (palagonite lapilli tuffs); 2 - slump structures; 3 - tuff
breccia; 4 - Early Miocene sediments; C - upper part of the tuff
cone: 1 - palagonite tuffs with scoria and bombs; 2 - slump
structure; D - detail of slump structure in the lower part of tuff
cone: 1 - palagonite tuffs with scoria and bombs; a) fine tuff, b)
coarse lapilli tuff, c) basaltic bomb, d) blocks of Early Miocene
sediments with "baked" limonitic shells; 2 - slump structure with
deformed beds; 3 - slide block of bedded tuffs.

Fiľakovo Castle Hill represents a relict of maar with ruins of
mediaeval castle on the top (Fig. B.16). The maar structure lies
about 130 m below the base of lava flows and scoria cones of the
th
Veľký Bučeň complex (the 5 volcanic phase 1.51 – 1.16 Ma).
Taking into account the relationship to the river terraces, time of the
maar formation around Günz - Mindel boundary or early Mindel is
assumed. Paleorelief at that time was about 30 – 40 m above the
level of the recent alluvial flat.
Phreatic and phreatomagmatic eruptions initiated due to the
contact of upraising basaltic lava with water at the base of Early
Miocene sediments created maar, subsequently filled with lake
water. A transition towards Surtseyan type eruptions, owing to interaction of lava with the maar lake water, resulted in the
formation of a palagonite tuff ring/cone composed dominantly of wet surge deposits. Today, erosion remnants of the tuff
ring/cone show inward-dipping sequences lay down on the internal slope of the maar (Fig. B.16). Alternating unsorted massive
beds with thin horizons of sorted palagonite tuff indicate that individual wet surges were followed by accumulation of fall
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deposits. Unconsolidated wet surge deposits were eventually subject to gravity sliding, perhaps triggered by contemporaneous
seismic shock waves.
Remnant of another maar/tuff cone Červený kopec hill built up of palagonite tuff is exposed at the northern side of the
town.

Historical remarks
The first record about construction of a castle on the top of the tuff cone remnants was written in the year 1246. The town
Fiľakovo surrounding the castle was originally an extramural toll collecting settlement (mentioned in 1255). It was proclaimed a
town in 1423.
Formerly a royal castle, later it was owned by the Csáky’s, Bebek’s, Pérényi’s, Konáry’s and Coburg’s noble families. In
1451 the castle was captured by Jan Jiskra, in 1554 by Turks, who kept it until 1593 as the Fiľakovo sandzhak (headquarters),
from which the Turks ruled a part of southern Slovakia. After being captured by Tököly in 1682, the castle was devasteted.

Stop 3.3: Bulhary - phreatomagmatic /
intrusive complex in a maar
Intrusion of a lacollith-like basaltic body into
maar filling is exposed within a quarry close to the
Bulhary village (Fig. B.17, B.18). Maar filling (stratified
fine to coarse palagonite tuffs) is strongly distorted
and deformed. At contacts of the intrusion with
palagonite tuffs there is a narrow zone with peperite
and hyaloclastite breccias. Overlying younger complex
consists of several lava flows alternating with
palagonite tuffs and tuff/breccias, implying alternating
Surtseyan and Strombolian/Hawaiian type eruptions at
that stage.
The following stages can be distinguished in
the maar evolution:
1. The initial maar formation by strong
phreatomagmatic eruptions related to a water/magma
interaction at the base of the underlying Tertiary
sedimentary complex. Maar filling of this stage is
represented by fine to coarse palagonite tuffs with
variable sand/silt admixture.
2. No more water/magma interaction at the
depth. A subsequent upraise of a large volume of
basaltic magma to the base of the maar filing resulted
in the emplacement of irregular laccolith-like intrusive
body, strongly bulging up and deforming pre-existing
maar filling. Water saturated maar deposits caused
formation of hyaloclastite and peperite breccias at
contacts of the basalt intrusion.
3. The protruding basalt intrusive body
eventually pierced through maar filling and went into a
direct contact with water in the maar lake, creating
hyaloclastite breccias with the evidence of boiling and
related phreatic palagonite tuffs (similar to secondary
phreatic cones observed with the lava flows entering a
shallow water environment).
4. A continuing supply of basalt magma into the
Fig. B.17: Complex Veľký Bučeň. 1 – Quaternary fluvial sediments; 2 – scoria
maar, with a rather shallow and spatially limited lake at
cones, a) pyroclastic breccias, agglomerates, bombs; b) epiclastics; 3 – reworked
this stage, resulted in several cycles of the Surtseyan
tuffs; 4 – lava flow; 5 – basalt intrusion; 6 – Early Miocene sediments; 8 – fault; 9
and Hawaiian type eruptions giving rise to a sequence
– flow direction.
of alternating palagonite tuffs, breccias and lava flows.
5. A final elimination of the maar lake due to
accumulation of volcanic products resulted in the
Hawaiian type eruptions giving rise to the capping horizon of cinder and spatter.
The K/Ar dating of basaltic intrusion with a reverse magnetic polarity to 1,60 ± 0,15 Ma (isochrone age 1,47 ± 0,31 Ma)
corresponds to the C1r2r chrone (1,07 - 1,77 Ma) of the Berggren’s paleomagnetic scale.

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

64

Fig. B.18: Bulhary maar intruded by a laccolith-like basalt body; a) deformed maar
sediments (palagonite tuffs), b1) massive basalt body with onion-like jointing, b2)
marginal brecciated zone with peperite and hyaloclastite breccia, b3) hyaliclastite
breccia, c) younger overlying complex of lava flows and palagonite tuffs.

Stop 3.4: Šurice diatreme
Conspicuous isolated cliff at the Šurice village (with the locall name Owl's Castle), exceeding the surroundings by 90 m,
represents exposed roots of a maar (now eroded). Early diatreme filling consists of palagonite tuff/breccia with sand admixture
and xenoliths of surrounding Early Miocene sediments (Fig. B.19). The uppermost part of the diatreme filling is represented by a
subsided stratified maar complex.
Fig. B.19: Diatremes. A - Šurice diatreme: 1 - palagonite tuff
breccia with bloks of Early Miocene sediments; 2 - subsided
block of maar fill, a) ash tuffs, b) fine tuffs, c) coarse tuff, d)
palagonite tuff breccia, e) lapilli tuff with scoria fragments, f)
agglutinated bombs with scoria matrix; 3 - dykes and short
sills; 4 - Early Miocene sediments; 5 - scree. B - Hajnačka
diatreme: 1 - palagonite tuff breccia; 2 - breccia with scoria
fragments; 3 - dyke; 4 - Early Miocene sediments; 5 - scree.

In the lower part of the subsided block there are stratified tuffaceous siltstones and sandstones – sediments of the maar
lake. These are covered by palagonite tuff/breccia with scoria fragments and bombs, passing upwards into agglutinated scoria
and bombs. This vertical succession reflects a transition from the early freatomagmatic Surtseyan activity to the Strombolian
and Hawaiian type eruptions due to elimination of the maar lake in the course of eruptive activity. Diatreme filling as well as the
subsided maar block are cut by late stage basaltic dykes, that represented feeders to the Hawaiian type eruption (lava
fountains) or lava lake within the crater.
Results of K/Ar dating on a sample from the late stage dyke point to the age 4,00 ± 0,29 Ma (Konečny et al., 1995). A
reverse magnetic polarity assignes the late stage dykes to the C2Ar chrone (3,58 - 4,18 Ma) in the Berggren’s paleomagnetic
scale.

Historical remarks
On the cliff's top, a medieval sentinel fortress was built; its remains (a space carved in the rock, a water reservoir etc.)
have been preserved. Archaeological finds dating back to the Neolithic, Eneolithic and Late Bronze ages come also from this
place.
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Stop 3.5: Medovarce – lahars and conglomerates of the Badenian sea coastal zone
In the more advanced stage of the pre-caldera stage (lower structure) stratovolcano development, the seacoast was
roughly at the line Krupina – Devičie – Hontianske Nemce- Sebechleby – Ladzany- Pukanec. In the littoral zone at the East
there are coarse to blocky epiclastic volcanic conglomerates (blocks reaching diameter of 1 to 2 m) alternating with layers of
epiclastic volcanic sandstones (Fig. B.20a) and/or sorted epiclastic volcanic breccias. Immediately north of the coast, there are
often visible erosive cuts filled with conglomerate material, representing fluvial stream cuts entering the littoral zone (Fig. B.20b).
Fig. B.20: Conglomerates of the Sebechleby Formation
in coastal zone of the Badenian sea. A - slopes under
the elevation point 304 Domanícke, southward of
Medovarce. a - epiclastic volcanic sandstone, b – coarse
to blocky epiclastic volcanic conglomerates. B - state
road cut northward of Hontianské Nemce. a - epiclastic
volcanic sandstones with andesite fragments (deposits
of debris flows), b) fluvial erosive channel filled with
coarse to blocky epiclastic volcanic conglomerate.

Chaotic breccias of lahars, which create flat and tongue shaped bodies oriented southward (Fig.B.21), are products of a
mass-transport. Their thickness is 3 – 30 m. Horizons of chaotic breccias are separated by layers of epiclastic volcanic
sandstone (or fine conglomerates), which allows to trace them from the littoral zone in southward direction to the sub-littoral
zone roughly to the distance 10 – 12 km. The ending of lahars at the South is more likely a result of erosion then primary
thinning. Attached conglomerate horizons imply their destruction and extensive reworking. A sharp, often discordant contact at
the base is characteristic of lahar (mudflow) deposits. Unsorted chaotic breccias consist mostly of angular to sub-angular
fragments and blocks of andesites (average size 5 – 30 cm, maximum size 2 – 3 m). Rare rounded fragments and blocks come
from the littoral zone, being ripped off and mobilised by the moving lahar. Matrix (20 – 50 % of the total volume) is tuffaceous
with a variable pumice and coarse sand admixture. Voids after air bubbles, plant and wooden particle imprints and voids after
tree trunks can be seen often.
Fig. B.21: Lithological profiles of the Sebechleby Formation
in a sublitoral zone of the Badenian sea southward of
Medovarce. A – slope under the elevation point 304
Domanícke. B - western slope under the elevation point 338
Sanda. a – cross-bedded bodies of epiclastic volcanic
sandstone with conglomerate, b – chaotic lahar breccia, cfine grained epiclastic volcanic sandstone, d – epiclastic
volcanic siltstone, e – coarse to blocky epiclastic volcanic
conglomerate, f – massive unstratified epiclastic volcanic
sandstone with angular fragments of andesite.

Lahar breccias at the Medovarce section are composed mostly of pyroxene-amphibole andesite fragments and blocks
(Fig. B.21b). Material was mobilised on slopes of the stratovolcano from lava flows (dark massive fragments) and block and ash
pyroclastic flow deposits (pale porous fragments). Lahars moved due to gravitational energy and after crossing the coastal zone
they moved further as submarine mud flows (Konečný 1966). Presence of tree parts and voids after trunks indicate, that the
lower parts of the stratovolcanic slope were covered by forests. Increased compaction and oxidation of matrix, as well as a
higher volume of pyroclastic material in lahar breccia implies probable hot lahar accumulations. Hot lahars originate by
mobilisation of still hot pyroclastic material or by a direct transformation of the pyroclastic flow into lahar by absorption of water.
At the Medovarce locality lahars rest upon a sequence of coarse conglomerates and epiclastic volcanic sandstones (Fig.
B.21). Observed textures are characteristic of the coastal zone of the sea with a large input of clastic material.
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4TH DAY PROGRAMME
V. Konečný & J. Lexa

Neogene andesite / rhyolite volcanism of Central Slovakia
The following text and figures are based upon a review paper by Konečný et al. (1995) in the journal Acta Volcanologica.

Geotectonic setting
The Central Slovakia Volcanic Field (CSVF) is situated at the inner side of the Carpathian arc (Fig. B.22). It is over 5 000
Km2 in area and is well known owing to large gold, silver and base metal epithermal deposits. Volcanic activity of the Badenian
to Pannonian age (16,5 - 8,5 Ma) associated closely in time and space with basin and range extension tectonics (Kaličiak et al.
1989, Nemčok & Lexa 1990). Carpathians represented during the Neogene time an advancing continental margin to island arc,
which migrated northward, north-eastward and eastward at the expense of subducting oceanic/suboceanic crust of flysch
basins, until it collided gradually with the passive margin of the European platform. Advance of the arc was compensated by the
back-arc extension, including diapiric uprise of asthenospheric mantle and lateral lithosphere escape from the collision zone of
Alps (e.g. Royden 1988, Csontos et al. 1992). According to Lexa & Konečný (1998) the CSVF belongs to the areal type andesite
volcanic activity, where partial melting of metasomatised mantle during diapiric uprise coupled with the advanced stage of back-arc
extension, is the immediate cause of magma generation.
Fig. B.22: Position of the Central Slovakia Volcanic field
(C) among the Neogene to Quaternary volcanics (black)
of the Carpatho-Pannonian region.

Essential compositional features
Compositional characteristics of andesites resembles medium to high-K andesites of the evolved (continental crust
containing) island arcs to continental margins, what corresponds well with a similar geotectonic framework in the case of CSVF.
No shoshonitic rocks have been observed. Andesites are generally rich in large ion and high field strength incompatible
elements Ba, Rb, Cs, Th, La, Ce, with moderate light REE enrichment (normalised La/Yb ratio around 10).
Most of rocks are pyroxene and hornblende-pyroxene andesites in compositional range 55 to 6O % SiO2, indicating a
limited extent of fractionation processes. Compound volcanoes involving volcanotectonic depressions and subvolcanic intrusive
complexes show differentiation trend towards acid pyroxene-hornblende and biotite-hornblende andesite to dacite, with SiO2
content reaching up to 66 %.
Rhyodacites and rhyolites occupy a distinct compositional field with SiO2 content in the interval 70 to 78 %. Their
composition, including some trace elements and REE, cannot be successfully explained by fractionation of andesitic magmas,
so a crustal origin is assumed.
Basaltic andesites and rare high-Al basalts first appeared during the period of strong extension and graben subsidence,
reflecting perhaps thinning of the crust and a decreased interaction of magma with crustal rocks. Second time they appear as
the youngest calc-alkali rocks post-dating rhyolites, very close in time to the first alkali basalt eruptions.
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Basement structure
Fig. B.23 demonstrates how the initially flat basement surface was affected by synvolcanic extension tectonics, creating
a system of horsts and grabens. Marginal faults of grabens usually displace the oldest volcanic rocks, while the grabens are
filled by syngenetic volcanic products. Late-stage volcanic rocks often cover marginal faults of grabens, indicating that most of
the tectonic displacement has taken place during the time of volcanic activity. Displacement on individual faults is up to 1500 m,
in the case of the Žiar depression up to 3000 m. The deepest N-S trending system of grabens connecting the Turiec graben at
the north and the Bátovce graben at the south represents also a symmetry axis. Crustal blocks to the west of this axis are tilted
westward, while blocks on the opposite side of the axis are tilted eastward. Resurgent horsts in the centre of the Štiavnica
caldera and Kremnica graben as well as continuing subsidence of the Žiar depression are relatively late stage features
associated with rhyolite volcanic activity. Subsidence of grabens, if not compensated by voluminous volcanic activity, created
conditions for the accumulation of volcani-sedimentary and sedimentary rocks of intravolcanic basins. Structural analysis has
demonstrated that the system of horsts and grabens evolved during the changing orientation and magnitude of stress field.
Early Badenian was dominated by NW-SE compression and NE-SW extension giving rise to NW-SE oriented horsts and
grabens. During the Late Badenian time the principal stress axis rotated towards NE-SW orientation, activating horsts and
grabens of the N-S to NE-SW orientation (Nemčok & Lexa 1990, Nemčok et al. 1993).

Fig. B.23: Structure of the pre-volcanic basement in the area of CSVF (based on interpretation of geophysical data and drilling, Konečný et al. 1975, 1978).1 faultslimiting uplifted and subsided blocks, 2 - faults limiting: a - graben, b - caldera, c - volcano-tectonic horsts, 3 - depressions: a - shallow part, b - deep part, 4 elevations: a -upper part, b - outcropping basement, 5 - geophysical indications of subvolcanic intrusive complexes, 6 - extent of volcanics, 7 - state boundary.
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Fig. B.24:. Structural scheme of the Central Slovakia Volcanic Field. 1 - sediments of intravolcanic depressions, 2 - products of the alkali basalt volcanism (Late
Pannonian - Quaternary), 3 - lava flows and sills of aphanitic calc-alkali basalts / basaltic andesites (Early Pannonian), 4 - stratovolcano of porphyritic calc-alkali basalts /
basaltic andesites (Early Pannonian), 5 - rhyolite domes / dome flows (a), dykes (b) and pyroclastic and epiclastic rocks (c) of the Jastrabá formation (Late Sarmatian), 6 Sarmatian andesite stratovolcanoes and reworked marine facies, 7 - rhyodacite domes / dome flows and related pumice tuffs and reworked tuffs of the Strelníky formation
(Early Sarmatian), 8 - effusive complexes of basic to intermediate andesites filling grabens (Late Badenian), 9 - domes / dome flows of intermediate to acid andesites filling
grabens and caldera (Late Badenian), 10 - Early to Middle Badenian andesite stratovolcanoes: a - propylitised complex of the central zone, b - stratovolcanic complex of
the proximal zone, c - reworked marine or fluvial facies, 11 intrusions: a - granodiorite, b - granodiorite porphyry, c - diorite and diorite porphyry, d - quartz-diorite porpfyry
sills, e - quartz-diorite porpfyry dykes, f - necks, 12 - extrusive domes and reworked breccias of garnet-bearing andesites (Early Badenian), 13 - pre-volcanic basement: a Early Miocene sediments, b - older rocks, 14 - faults: a - normal, b -limiting grabens and calderas.
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Structure of the Central Slovakia Volcanic Field
Essential aspects of the CSVF structure are shown in Fig. B.24. Paleovolcanic reconstruction allows us to distinguish the
following volcanoes and volcanic structures: (1) early complex of scattered andesite extrusive domes and related reworked
breccias and epiclastic rocks, (2) Čelovce and Lysec andesite pyroclastic volcanoes, (3) relatively large multiple-stage Javorie
andesite stratovolcano, (4) multiple-stage Poľana andesite stratovolcano, (5) very large multiple-stage Štiavnica stratovolcano,
(6) multiple-stage volcanic complex of the Vtáčnik mountain range, (7) multiple-stage volcanic complex of the Kremnické vrchy
mountain range, (8) rhyolite dome/flow complex and related volcanoclastic rocks of the Jastrabá formation, (9) late stage calcalkali basalt/basaltic andesite volcano and scattered shallow intrusions and lava flows, (10) rare alkali basalt/basanite necks,
lava flows and cinder cones. Volcanoes evolved in the terrestrial environment with exception of the southern part of the CSVF,
where a shallow marine environment persisted.

Evolution of volcanic activity
Stratigraphic assignement of volcanic activity is based on the synthesis by Konečný et al. (1983). Initial Early Badenian
andesite volcanic activity (16.5 - 16,3 Ma) is represented by scattered andesite (often garnet-bearing) extrusive domes and
related extrusive and reworked breccias. Two andesite pyroclastic volcanoes were subsequently formed in the SE part of the
CSVF, while large andesite stratovolcanoes were build in the remaining parts of the CSVF during the Early to Middle Badenian
time (16,3 - 15,0 Ma). During the Late Badenian time (15,0 - 14,0 Ma) evolution of the stratovolcanoes continued by a
subsidence of grabens and calderas associated with activity of both - relatively mafic undifferentiated basalts to andesites and
differentiated volcanic rocks - hornblende and biotite-bearing andesites to dacites. Granodiorite, diorite and various porphyries
were emplaced at deeper levels and within the basement. Rhyodacite domes and related pumice tuffs of the Early Sarmatian
age occasionally occur. Renewed activity of less differentiated andesites during the Sarmatian time (14.0 - 12,5 Ma) formed
discontinuous complexes on the slopes of older stratovolcanoes at the south, while it formed new volcanoes in the northern part
of the CSVF, with centers situated on marginal faults of grabens. An extensive Late Sarmatian rhyolite volcanic activity (12.5 10.5 Ma) gave rise to a dome/flow complex and related volcanoclastic rocks in the western part of the CSVF along the N-S to
NE-SW trending fault system. A small Pannonian age basalt/basaltic andesite stratovolcano at the North and scattered basalt
flows and intrusions in the central part of the CSVF are the latest products of the calc-alkali volcanism. Scarce nepheline
basanite/trachybasalt volcanic activity took place during the Pliocene and Quaternary.

Early complex of scattered andesite extrusive domes
The complex of the Early Badenian age forms a discontinuous horizon at the base of volcanics over the whole CSVF
(Fig. B.25), however, it is mostly covered by younger volcanic rocks. It is exposed at the western and eastern margins of the
Kremnické vrchy, south of Zvolen (Neresnica Formation) and along the SE margin of the CSVF (Vinica Formation). In many
other places its presence has been confirmed by drilling. The complex extends beyond the CSVF westward underneath Tertiary
sediments of the Danube basin. Its thickness varies between 50 and 300m. Besides extrusive domes and related extrusion
breccias the complex is represented by reworked breccias, mostly reworked pyroclastic rocks and epiclastic rocks. At the north
the complex evolved in the terrestrial environment and epiclastic volcanic rocks grade into fluvial and limnic volcani-sedimentary
rocks. At the south a shallow marine environment developed causing extensive brecciation of submarine extrusive domes and
remobilization of extrusive breccias in the form of breccia flows and slumps (Fig. B.26). Intense reworking has given rise to
extensive horizons of reworked tuffs, conglomerates and sandstones.
Rocks of the Vinica formation are augite-hypersthene to hornblende-hypersthene andesites. Hornblende-hypersthene
andesites dominate over rare amphibole-pyroxene, biotite-hypersthene-amphibole and amphibole andesites in other areas,
variably with accessory garnet, quartz and biotite.
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Fig. B.25: Distribution of the Early Badenian garnet-bearing andesite
volcanics. 1 - terrestrial extrusive domes (a), laccolithes (b), 2 - extrusive
domes discovered by boreholes, 3 - submarine extrusive domes, 4 – coarse
breccia (a) and reworked epiklastic rocks (b), 5 - extent of marine (a),
limnic/lacustrine (b) and terrestrial (c) environments, 6 – transport direction of
volcanic material, 7 – Šahy-Lysec volcanotectonic zone, 8 - limits of the
Central Slovakia Volcanic Field.

Fig. B.26: Schematic section of the Vinica formation showing styles of
submarine volcanic activity: (1) underground brecciation followed by
extrusion of blocky breccia flows, (2) subsurface brecciation during
protrusion of marine sediments and (3) extrusive dome with surficial
brecciation. 1 - submarine pyroclastic flow, 2 - submarine breccia flow, 3 submarine debris flow, 4 - epiclastic volcanic breccia/conglomerate (a),
conglomerate (b), 5 - epiclastic volcanic siltstone (a), sandstone and
siltstone (b), 6 – tuffitic sands with pebbles of basement rocks, 7 - Early
Miocene sediments.

Štiavnica stratovolcano
The Štiavnica stratovolcano is the largest one in the Carpathian volcanic arc. It is situated in the central, southern and
western parts of the CSVF, extending over the area of 2 000 Km2 (Fig. B.27, B.28). An extensive caldera, large subvolcanic
intrusive complex, presence of differentiated rocks and a resurgent horst are the most prominent features.
The Early to Middle Badenian pre-caldera stage is represented by remnants of a large andesite stratovolcano, mostly
covered by younger rocks. In the central zone (resurgent horst) there is a complex of propylitized volcanic and intrusive rocks mostly andesite porphyry sills and laccoliths emplaced along the volcanic complex basement interface. Similar rocks occur at
parasitic centers around the caldera. Alternating pyroxene, hornblende-pyroxene and biotite-hornblende-pyroxene andesite lava
flows, pyroclastic flow deposits and coarse epiclastic breccias dominate the proximal zone outside of the caldera. These rocks
pass into epiclastic breccias, conglomerates and sandstones in the distal zone, lay down in ephemeral stream, fluvial and
marine (southern sector) environments.
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Fig. B.27: Structural scheme of the Štiavnica stratovolcano. 1 - Quaternary alluvial deposits; 2 - Pliocene sediments - tuffaceous sandstones, siltstones and clays (a), sands
and polymict gravels (b); 3 - Pliocene to Quaternary alkali basalt lava necks (a), lava flows (b) and cinder cone (c); 4 - Pannonian Šibeničný Vrch Complex - high-Al basalt /
basaltic andesite lava flows and intrusions (a), neck (b), dykes (c); 5 - Middle to Late Sarmatian Jastrabá Formation - rhyolite extrusive domes and dome flows (a), dykes (b)
pumice tuffs and epiclastic volcanic rocks (c); Upper structural level (Sarmatian): 6 - pyroxene/ feldsparphyric andesite lava flows of the Baďan Formation and Humenica
Complex (a), biotite-amphibole-pyroxene andesite lava flows of the Sitno Effusive Complex (b), amphibole-pyroxene andesite lava flows of the Priesil Formation (c), amphibolepyroxene and pyroxene andesite lava flows of the Breznica Complex (d), amphibole-pyroxene andesite lava flows of the Žiar Complex (e), pyroxene andesite lava flows of the
Jabloňový Vrch Complex (f), pyroxene andesite (often glassy and leucocratic) lava flows of the Inovec Formation; 7 - epiclastic volcanic breccias/conglomerates of the distal
zone (a), epiclastic volcanic breccias of the proximal zone; 8 - hyaloclastite breccias (a), marine reworked pumice tuffs (b), marine epiclastic volcanic sandstones with pumice
tuff, siltstone and fine conglomerate intercalations (c); 9 - ignimbrites (a), pumice tuffs (b), pyroclastic flow breccias (c); 10 - andesite neck (a) and dyke (b), amphibole-pyroxene
andesite extrusive dome (c); Intrusive complexes (Late Badenian - Early Sarmatian ?): 11 - Banisko Intrusive Complex - quartz-diorite porphyry dykes (a) and sills (b), andesite
porphyry sills (c), Zlatno Intrusive Complex - granodiorite porphyry stocks and dyke clusters (d), Hodruša-Štiavnica Intrusive Complex - granodiorite (d) and diorite (e); Štiavnica
Caldera filling (Late Badenian - Early Sarmatian ?): 12 - Studenec Formation - biotite-amphibole andesite extrusive domes and laccolithes (a), lava flows (b), epiclastic volcanic
breccias (c), pyroclastic flow breccias (d) and pumice tuffs (e); 13 - Červená Studňa Formation - epiclastic volcanic sandstones with siltstones and lignite seams (a), biotiteamphibole-pyroxene andesite lava flow (b), fine to coarse epiclastic volcanic breccias; Lower structural level (Early to Middle Badenian): 14 - extrusive and intrusive complexes
in the proximal zone - amphibole-pyroxene±biotite andesite extrusive domes (a), intrusions of andesite and diorite porphyry (b); 15 - proximal zone - pyroxene and amphibolepyroxene andesite lava flows (a), pyroclastic flow breccias (b) and mostly epiclastic volcanic breccias (c), distal zone - epiclastic volcanic breccias/conglomerates (d), coarse to
blocky epiclastic volcanic conglomerates (e), and epiclastic volcanic sandstones with breccia, conglomerate and siltstones intercalations (f); 16 - undivided complex of
propylitised rocks in the central zone; 17 - garnet-bearing hypersthene-amphibole andesite laccolith/sill; Pre-volcanic basement: 18 - undivided hercynian basement of the
Veporic unit (a), undivided Late Paleozoic rocks (b); 19 - caldera fault (a), marginal faults of the resurgent horst (b) and other faults (c), line of the section A-B (d).

The extensive subvolcanic intrusive complex, exposed in the uplifted block of the resurgent horst, is represented by a
2
large (100 km ) granodiorite/diorite pluton, by several dyke clusters and small stocks of granodiorite to quartz-diorite porphyry
and by a complex of quartz-diorite porphyry sills and dykes emplaced as ring dykes.
The Late Badenian caldera filling is represented at the base by lake sediments, higher up by the andesite to dacite
dome/flow complex and related coarse epiclastic breccias and pyroclastic rocks in the thickness 400 - 500 m. At few places
these rocks pass over the caldera fault on volcano slopes, filling a system of radial valleys. Rocks are hypersthene-biotitehornblende, biotite-hornblende and hornblende-biotite andesites to dacites, which contain rare quartz phenocrysts. Phenocryst
assemblages are equivalent to granodiorite and quartz-diorite porphyry and to subhedral minerals of granodiorite, indicating a
common shallow magma chamber.
The Early to Late Sarmatian post-caldera stage is represented by lava flows and pyroclastics of pyroxene, hornblendepyroxene and biotite-hornblende pyroxene andesites. Explosive facies include andesite ignimbrites, pumice flow deposits and
reworked pumice tuffs. Individual formations are spatially limited to certain sectors of the volcano, often separated by a short
periods of erosion. Frequently they followed radially oriented valleys on slopes of the volcano. At the south volcanic formations
pass into shallow marine environment as indicated by the presence of hyaloclastite breccias and extensive reworking into
horizons of conglomerates and sandstones.
An uplift of the resurgent horst in the central part of the Štiavnica caldera accompanied by rhyolite volcanic activity
represented a final stage in the evolution of the volcano. The horst is asymmetric with maximum uplift in the west, where the
basement and subvolcanic intrusive complex outcrop.

Stop 4.1: State road cut near Banská Štiavnica – concordant intrusions of the lower structural level of the
Štiavnica stratovolcano (Badenian).
The site demonstrates lower structural complex (pre-caldera stage) of the Štiavnica stratovolcano in the central volcanic
zone. It is exposed thanks to a denudation in the eastern part of the uplifted Hodruša-Štiavnica horst. Volcanic rocks are present
only as remnants showing features of stratovolvanic structure (lava flows of pyroxene and amphibole-pyroxene andesites
alternating with layers of volcanoclastic rocks; outcrop near the road to Klinger lake) among a set of concordant intrusions of
andesite porphyry, a part of the Tanád Intrusive Complex (Fig. B.29). The observed dip 10 - 15° to southeast resulted from the
asymmetrical uplift of the horst.
Sills and laccoliths, which intruded the lower structural complex during the terminal stage of its development, are
characteristic by a great area of extent (several km2) and thickness from several tens of meters to 300 m. For emplacement they
used favourable lithological boundaries between lava flows and volcanoclastic rocks or between the basement and volcanic
rocks. Intrusions are formed of massive andesite porphyry with blocky and/or platty jointing. Textures typical of lava flows
(porosity, brecciation, lamination, etc.) are missing. At their upper and lower contacts there are notable zones of intrusive
breccias enclosing fragments of surrounding rocks. Groundmass is holocrystalline/granular, with increasing grain-size towards
the center of intrusions. There are several types of andesite porphyry distinguished according the content of dark phenocrysts.
Andesite porphyry rich in augite – Tanád type, amphibole-pyroxene andesite porphyry – Vtáčnik type, amphibole-hypersthene
andesite porphyry with biotite – Myšia hora type are the most common ones.
Road cut at the visited locality exposes hypersthene-augite andesite porphyry of the Tanád type, which extends in the
wider area around Banská Štiavnica. The rock is porphyritic with phenocrysts of plagioclase, hypersthene and augite.
Groundmass is microllitic-holocrystalline. It is affected by propylitic alteration - mafic minerals are mostly replaced by chlorite,
carbonate and minor pyrite, plagioclase is partly replaced by sericite and carbonate. Groundmass is recrystallized to the
assemblage of quartz, chlorite, sericite, carbonate and minor pyrite. Close to epithermal veins the rocks affected by silicification,
sericitization and pyritization (Forgáč 1966).

Fig. B.28: Schematic section of the Štiavnica stratovolcano. 1 - alkali basalt neck; 2 - rhyolite extrusive dome (a) and dykes (b); upper structural level - post-caldera stage: 3 - biotite-hornblende-pyroxene andesite pumice tuffs
(a), lava flows (b) and ignimbrite (c); middle structural level - caldera stage: 4 - biotite-hornblende-pyroxene andesite lava flow (a), caldera lake tuffaceous sediments (b), biotite-hornblende andesite extrusive dome (c), pumice
tuffs (d), epiclastic volcanic breccias (e) and biotite-hornblende andesite lava flow (f); subvolcanic intrusions: 5 - quartz-diorite porphyry sills (a) and dykes (b); 6 - granodiorite bell-jar pluton; lower structural level - pre-caldera
stage: 7 - andesite porphyry sills and laccoliths (a), pyroxene and hornblende-pyroxene andesite lava flows (b) and pyroxene-hornblende andesite extrusive dome (c); 8 - block and ash pyroclastic flow deposits (a), tuffs (b),
reworked pyroclastic rocks (c) and lahar deposits (d); 9 - epiclastic volcanic sandstones (a), breccias (b), breccias/conglomerates (c) and conglomerates (d); 10 – basement; 11 - caldera fault (a) and other faults (b).
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The term propylite has been introduced by F. Richthofen (1860), who used it for the description of rocks around Banská
Štiavnica marked as “grünstein trachyte”. He considered the “propylite” to be a product of massive eruptions of water rich
magma. Richthofen's views and terminology substantially influenced generation of contemporary geologists and were reflected
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in the geological maps of that period. Later it was shown, that “propylites” are a result of superimposed hydrothermal processes,
but the term propylitization is still used as a common term for altered rocks, in which chloritization of mafic minerals is
accompanied by albitization of plagioclase, epidote, carbonate and pyrite. Propylitization is characteristic for peripheral parts of
hydrothermal systems, where it is developing as a result of interaction of rocks with slightly acidic fluids saturated with CO2 and
H2S at increased temperature.

Fig. B.29: Geological cross-section of the lower structure at the eastern part of the Hodruša-Štiavnica horst. 1 – pre-volcanic basement; a – Mesozoic
rocks, b – Palaeozoic rocks (in allochthonous position); 2 – epiclastic volcanic rocks; a – conglomerate, sandstone, breccia; b – tuffite; 3 –
stratovolcanic structure; a – lava flow of pyroxene andesite; b - epiclastic volcanic breccia; c – lava flow of amphibole-pyroxene andesite; 4 – lava flow
of biotite-amphibole-pyroxene andesite; 5 – sills of andesite porphyry; a – amphibole-biotite-pyroxene andesite porphyry – Dedinské type (D); b –
amphibole-pyroxene andesite porphyry with quartz and biotite – Myšia hora type (Mh); c – pyroxene andesite porphyry rich in augite – Tanád type (TA);
d – pyroxene andesite porphyry ± amphibole – Vtáčnik type (Vt); e – (augite-hypersthene) pyroxene andesite porphyry – Trojičný vrch type (Tv); 6 –
Banisko Intrusive Complex; a – sills; b – dykes; 7 – thrust fault; 8 – fault.

Stop 4.2: Glanzenberg – old mining works at the Špitaler vein
A great success of the mediaval mining in Banská Štiavnica, reflected in the development of the town, was based not
only on a higher value of precious metals before the discovery of America, but also on enriched ores at the surfiacial parts of ore
veins. Historical sources indicate, that old surficial mining works on the hill Glanzenberg north of the town are the ones, where
Štiavnica mining has started.
2
The system of epithermal veins, extending over the area of 100 km in the central zone of the Štiavnica stratovolcano,
includes 120 veins, the major veins reaching the length of 8 km. It has evolved on faults of the Hodruša-Štiavnica resurgent
horst in the central part of the caldera (Fig. B.30). Veins ar variably developed in basement rocks, subvolcanic intrusive rocks,
andesites of the pre-caldera stage and biotite-amphibole andesites of the caldera stage, implying their post-caldera age.
According to structural relationships, radiometric dating of associating rhyolites and radiometric dating of epithermal veins itself,
the uplift of the horst lasted almost 2 mil. years during the Middle Sarmatian to Early Pannonian time (roughly 12.5 - 10.7 Ma;
Kantor et al. 1988, Kraus et al. 1998, Lexa et al. 1999). Regional stress field during this time was dominated by a strong NW-SE
extension, with the maximum stress axis mostly in the subvertical position, but occasionally also in the subhorizontal NE-SW
orientation (Nemčok et al. 2000). This configuration of the stress field is reflected in dip-slip as well as oblique movements on
the veins. While the strong extension lead eventually to the evolution of low angle and lystric vein structures (with a decreasing
dip with the increasing depth), the dextral lateral displacement component lead to the evolution of ore shoots, en-echelon
structures and horse-tail structures at the ends of the veins. The dextral lateral component of displacement on vein structures
increases with the change in their strike from the NE-SW (dominant dip-slip displacement) to the N-S (dominant dextral strikeslip displacement).
Mutual relationship among the evolving hydrothermal system and the structural evolution of the resurgent horst resulted
in a considerable variability of epithermal veins. Their general zonality can be described in terms of four concentric zones (Štohl
in Burian et al. 1985): the most temperate Cu zone in the center is surrounded successively by the base metal, silver-gold and
the outside gold-silver zones. However, the general zonality is given by the spatial distribution of veins, which are a result of
multistage processes during changing structural and hydrothermal conditions. On the basis of structural aspects, vertical extent,
spatial distribution and dominant mineral paragenesis we distinguish sulfide rich base metal epithermal veins of the Štiavnica
type, silver ± base metal epithermal veins of the Hodruša type and precious metal epithermal veins of the Kremnica type (Lexa
1999).
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Sulfide rich base metal epithermal veins of the Štiavnica type
Epithermal veins of this type evolved on dominantly NNE-SSW striking faults in the eastern and southeastern parts of the
resurgent horst, in surroundings of Banská Štiavnica. Their length is up to 8 km, the known vertical extent of mineralization
reaching 1000 m. They dip eastward with the exception of the Terézia vein and some diagonal vein branches dipping westward
(Fig. B.30). The dip varies mostly around 60 - 70°, only 45 - 55° in the case of the veins west of the Terézia vein. Vertical
displacement on individual veins is in the range of tens to the first hundreds of meter. The veins split often into hanging wall and
footwall branches. The horizontal component of displacement lead to the evolution of ore shoots, en-echelon structures and
horsetail structures at the both ends of the veins. The maximum thickness of veins in ore shoots may exceed 10 m, exploited
were the parts with thickness over 1 m. The thickness and length of the ore shoots decreases with the increasing depth.

Fig. B.30: Geology of the Banská Štiavnica ore field: A –
geological map, B – cross-section. 1 - basalt neck, 2 –
biotite-amphibole andesite, 3 – biotite-amphibole±pyroxene
andesite porphyry, 4 –Červená studňa Formation, 5 –
undivided lower structure (propilitized complex of andesite
and andesite porphyry), 6 –Banisko Intrusive Complex,
quartz-diorite porphyry: a) sill, b) dyke, 7 – HodrušaŠtiavnica intrusive complex: a) granodiorite, b) diorite; 8 –
pre-volcanic basement: a) crystalline complex, b) Early
Triassic sedimentary rocks, c) Middle and Late Triassic
carbonate rocks, 9 – metasomatic quartzite, 10 – ore vein,
11 – fault: a) proved, b) assumed, c) hidden, 12 –
Quaternary deposits: a) colluvial deposits, a) alluvial
deposits, c) block debris, 13 – anthropogenic deposits: a)
tailing pile, b) bulk dam.

The Štiavnica type epithermal veins are extensively eroded. The fact, that the extent of erosion decreases to younger
mineralization periods (Kovalenker et al. 1991) implies a syngenetic uplift of the horst. As the veins have evolved on marginal
faults of the horst, the extent of erosion varies from about 1000 m in the case of internally situated veins to less than 500 m in
the case of the external veins. This fact is reflected in the present structural level of individual veins. The internally situated
westernmost veins extend mostly in granodiorite and quartz-diorite porphyries, only their tops reaching into the pre-caldera
andesite complex. The middle veins extend mostly in the thick andesite complex of the pre-caldera stage, their bottoms
reaching into quartz-diorite porphyries, basement rocks and granodiorite. The externally situated easternmost veins extend
mostly in pre-caldera andesite complex, their tops reaching into andesites of the caldera filling. The observed veins represent
the middle parts of vein structures with the original vertical extent in the range of 2km.
The Štiavnica type base metal epithermal veins with quartz and quartz-carbonate gangue are mostly cavernous, showing
variably breccia, drusy and/or banded crustification textures. The precipitation of minerals took place mostly in open spaces,
during the early stages also via metasomatic replacement of surrounding rocks. Breccias of the hydrothermal explosion type as
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well as characteristic colomorphic, drusy, cocard and banded textures indicate a precipitation from oversaturated, most probably
boiling fluids, what has been supported by fluid inclusion studies (Kovalenker et al. 1991).
Koděra (1963) has defined on the Štiavnica type base metal epithermal veins 6 mineralization periods. The scheme has
been improved by Jeleň (1988) and Kovalenker et al. (1991), who interpret two mineralization cycles including 5 mineralization
periods and 11 paragenetic associations (par. ass.):
0. Propylitization and argillic alteration of surrounding andesites
st
1 mineralization cycle
st
1 mineralization period
1. Hematite-quartz par. ass. represented by veinlets
of red quartz with fine dispersed hematite
2. Rodonite-rodochrosite-quartz par. ass. including rare disseminated
Pyrite, sphalerite, galenite, hematite and rutile
nd
2 sphalerite mineralization period
3. Galenite-chalcopyrite-sphalerite par. ass. forming symmetric bands
at margins of the veins
4. Quartz-rodochrosite par. ass. as younger bands and breccia cement
rd
3 rodonite-carbonate-quartz mineralization period
5. Rodonite-carbonate-quartz par. ass. mostly as hydrothermal breccia cement
6. rudimentary pyrite-galenite-chalcopyrite-sphalerite par. ass. including
also rare adularia and amethyst, a boiling is assumed 2nd mineralization cycle
th
4 galenite-chalcopyrite mineralization period
7. rare Au-Ag-Cu-Bi par. ass. with gold of the high fineness
8. voluminous sphalerite-galenite-chalcopyrite par. ass. including rare electrum
and acantite, forming sulphide aggregates in central portion of banded veins
or hydrothermal breccia matrix
9. Hematite-quartz par. ass. with coarse transparent quartz crystals
and rare galenite
th
5 sulphosalts-barite mineralization period
10. Barite-quartz par. ass. including minor chalcopyrite, galenite, pale sphalerite, pyrite and marcasite,
always crosscutting older mineral aggregates in the form of veinlets
11.Carbonate-sulphosalts par. ass. as the youngest aggregates in remaining open spaces,
including quartz, calcite, siderite, barite, polybasite, pearceite, proustite, pyrargyrite, stephanite,
Ag-tetrahedrite, Ag-tennantite, electrum, acantite, and minor pyrite and galenite

It follows, that the veins are a result of several hydrothermal pulses on faults with repeated tectonic activation. Spatial
distribution of the mineralization periods and paragenetic associations on individual veins has given rise to their general mineral
and metallic zonality. Koděra (1963, 1969) distinguished in the vertical sense four zones, with boundaries roughly comformable
with the surface of the granodiorite subvolcanic intrusion:
1. The uppermost zone enriched in gold and silver representing the upper parts of veins, especially of the less eroded
external veins. Characteristic there are rich accumulations of primary, close to the surface also secondary silver minerals (silver
sulphosalts, argentite, native silver). It was the main object of the medieval mining. Usual grades of ores are (Smolka et al.
1993): Pb - 1,5 - 2,5 %, Zn - 1,5 - 5 %, Cu - 0,1 - 0,2 %, Ag - 30 - 70 g/t, Au – 2 - 4 g/t.
2. The upper lead-zinc zone representing subsurface parts of veins with the exception of the most external and internal
veins. Its vertical extent varies from 150 to 300 m. Characteristic there is the presence of rodonite in the oldest periods,
dominating base metal sulfides in the 2nd mineralization period and prevailing quartz and carbonate in the 4th mineralization
period. Usual grades of ores are (Smolka et al. 1993): Pb - 1,2 - 2,5 %, Zn - 1,5 - 5 %, Cu - 0,2 - 0,4 %, Ag - 10 - 40 g/t, Au - 1 2 g/t.
3. The lower lead-zinc zone representing lower parts of veins with the exception of the most internal veins. Its vertical
extent varies from 300 to 400 m. Characteristic there is the presence of base metal sulphides of the 2nd as well as the 4th
mineralization periods. It was the main object of mining in this century. Usual grades of ores are (Smolka et al. 1993): Pb - 1,0 1,5 %, Zn - 1,5 - 3 %, Cu - 0,3 - 0,6 %, Ag - 10 - 20 g/t, Au - bellow 1 g/t.
4. The copper zone representing the internal veins and the lowermost parts of other veins. Its vertical extent may reach
500 m. Characteristic there is the presence of base metals of the 4th period with prevailing chalcopyrite. In deeper parts also
bornite, sheelite and Cu-Bi, Cu-Pb-Bi and Ag-Bi sulphosalts have been observed. It was the main subject of mining during the
second half of this century. Usual grades of ores are (Smolka et al. 1993): Pb - 0,5 - 1,3 %, Zn - 0,5 - 2 %, Cu - 0,4 - 0,8 %, Ag 10 - 15 g/t, Au - bellow 1 g/t.
The Štiavnica type base metal epithermal veins do not show wide alteration zones. Next to the vein there is a narrow
zone of silicification and adularization, followed by a wider zone of sericitization, passing outward into the zone of propylitization
(Forgáč 1966, Onačila et al. 1995). The uppermost parts of the external veins are accompanied by argillization. Altered rocks
include to the various extent also disseminated pyrite and carbonate.

Špitaler vein
The locality, which we shall visit during the field trip, represents surficial outcrops of the Spitaler vein, affected by
medieval excavations. The vein is the longest and the most complex one among the Štiavnica type base metal epithermal veins,
exposed here in the upper lead-zinc zone. It is striking NNE-SSW, dipping 60 - 80° eastward. The vein has numerous hanging
wall and footwall branches, forming the vein system up to 50 m wide. Its thickness at the locality is up to 5 m, however, it is split
into several closely spaced parallel branches At the southern part of locality there are exposed also diagonal footwall branches
of the vein, that were also a subject of mining. Thin veinlets between the main vein and the footwall branches follow eventually
also a set of antithetic complementary fractures.
Surrounding rocks are propylitized pyroxene andesites of the pre-caldera stage. Close to the vein they are affected by
sericitization, adularization, silicification and pyritization. Zones enriched in pyrite are conspicuous due to hypergenous
argillization and bleaching due to oxidation of pyrite.
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Remnants of the quartz-carbonate-sulfide vein filling show variably banded, drusy, cocard or breccia textures.
Intermineralization faulting is indicated by crosscutting features and tectonic brecciation. Mineral paragenesis is dominated by
base metal sulphides of the 2nd mineralization period, quartz and carbonates of the 4th mineralization period and minor silver
sulphosalts and electrum of the 5th mineralization period.
rd
Last mining on the Špitaler vein took place on the Michal ore shoot bellow the 3 horizon. Upper parts of the vein down
rd
to the 3 horizon were exploited long time ago. Remaining reserves on the vein are represented by known ore shoots bellow the
12th horizon. However, there quality makes them unmineable in the present economic situation. Mining of polymetalic ores in
Banská Štiavnica has been finished in 1992, following a withdrawal of state subsidies.

Stop 4.3: Kysihýbeľ – basaltic neck and biotite-amphibole andesite in the caldera filling
Alkaline basaltic lava necks near the town Banská Štiavnica (Kalvária and Kysihýbeľ) were supply systems to the surface
volcanic forms (maars and/or cinder cones), which were later removed by erosion.
Dissected basaltic neck of Kalvária hill (altitude 749 m, Fig. B.31) at the eastern margin of Banská Štiavnica (with
baroque church at the top) came into history of European geology due to F. Beudant, who described it in 1822.
Fig. B.31: Kalvária basalt neck. A – in cross-section, B –plan. a – basalt with
prismatic jointing, b – breccia in diatreme filling, c – pyroxene-biotite-pyroxene
andesite, d – assumed superficial maar removed by denudation, e – assumed
lava filling of the crater removed by denudation.

Basaltic neck near Kysihýbeľ, uncovered during construction of the railroad from Banská Štiavnica to Hronská Dúbrava,
gives a visualisation of internal composition and its development (Fig. B.32a). Surrounding rock, which is penetrated by the
basaltic neck, represents one of the extrusive domes of the Studenec Formation in the filling of the Štiavnica caldera,
represented by biotite-amphibole andesite. The rock is coarse-porphyritic with phenocrysts of plagioclase, amphibole, biotite
and rare pyroxene. Groundmass is microlitic to hyalopylitic or hyaline. Steep orientations of flow banding as well as a
preferential orientation of phenocrysts in the direction of banding indicate the upward movement of viscous lava during the
process of extrusion. Individual extrusive domes in a broader area were identified by systematic measurements of flow banding
and by mapping out marginal zones of related coarse breccias (Konečný & Dublan 1969).
Basaltic neck (diatreme) breaking through the biotite-amphibole andesite is characteristic by elliptic cross-section with
the longer axes in the NW-SE direction (Fig. B.32b). At its SE margin, there is a small isometric basalt body, separated from the
main one by basaltic breccia. At the contact of the main basaltic body with surrounding andesite there is columnar jointing with
orientation perpendicular to the contact. Breccia separating two basaltic bodies is composed of vesicular basalt fragments (5 –
10 cm) and granular tuffaceous matrix (Fig. B.32c). Blocks of biotite-amphibole andesite torn off of the walls of the diatreme are
often rounded. Rounding of the blocks is interpreted as a result of spalling and abrasion in fluidised gaseous mass during the
initial phreatomagmatic eruptions, which created the diatreme. Lava bodies correspond to the terminal stage of volcanic activity.
In a precise petrographic terminology the rock is nepheline basanite with phenocrysts of plagioclase, olivine and pyroxenes in
groundmass of the microdolerite texture. Calcite, aragonite and zeolites are present as fillings of vesicules.
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Radiometric age, given by K/Ar method, is in the case of the basaltic neck Kysihýbeľ 6.88 ± 0.48 Ma and of the neck
Kalvária 7.1 ± 0.42 Ma (Balogh et al. 1981) and corresponds to the Pontian stage.
Fig. B.32: Kysihýbeľ basalt neck; A – in cross-section, B –plan. a – basalt with prismatic
jointing, b – breccia in diatreme filling, c – pyroxene-biotite-amphibole andesite. C - detail of
breccia in diatreme filling. a – basalt, b – rounded blocks of pyroxene-biotite-amphibole
andesite, c – breccia with foamy basalt and with tuffaceous granular matrix.

Stop 4.4: Ilija – pumice tuffs in filling of the Štiavnica caldera

Fig. B.33: Road cut nearby the village Ilija. The lower part of the caldera
filling represented by products of biotite-amphibole andesite volcanism
of the Studenec Formation. 1 – pumice flow deposits, 2 – reworked
pumice tuff, 3 – epiclastic volcanic sandstone, 4 – reworked tuff with
fragments of glassy biotite-amphibole andesite and with fragments of
pyroxene andesite of the lower stratovolcanic structure.

In the southeastern part of the caldera the lower part of its filling
is exposed. It is composed of volcanic breccias, horizons of pumice
tuffs and reworked tuffs alternating with layers of sandstones and
siltstones. These rocks are products of the initial explosive activity and
following redeposition of pyroclastic material. Lava flows and extrusive
domes of biotite-amphibole andesites accompanied by related
breccias follow higher up in the section. Products of this initial
explosive activity rest on rocks of the Červená Studňa Formation
(epiclastic volcanic sandstones and siltstones with horizons of clays
and lignite as well as a lava flow of biotite-amphibole-pyroxene
andesite), corresponding to the early subsidence rocks of the caldera.
In the road cut at the southwestern edge of the Ilija village there
is exposed a horizon volcanic breccia with fragments of grey glassy
and pale porous biotite-amphibole andesite and rare older pyroxene
andesite in chaotic unsorted sandy matrix (Fig. B.33). Breccia
represents avalanche deposits originated from the destruction of the
extrusive dome. Overlaying beds of reworked pumice tuffs alternating
with epiclastic volcanic sandstones are products of tephra redeposition
(outwash) to the local depression.
In the upper part of the exposed sequence, there is a horizon of
unsorted chaotic pumice tuff, which is composed mostly of pumice
(size up to 8 cm) and tuffaceous matrix. Rare glassy andesite
fragments are present too. This pumice tuff represents the pumice flow
deposits formed during the Plinian type eruption by a collapse of the
eruption column, with following movement of pumice/ash mass on the
earth surface. During this movement the accidental andesite fragments
were picked up (if not by the explosive eruption). In consequence of
cooling of the pumice/ash mass during its movement no welding took
place, as it could be seen in the case of some other pumice flows in
the caldera filling. The observed cementation of matrix is rather a result
of the fine glass particles recrystallization to secondary minerals.

Stop 4.5: Juraj galley near Banská Štiavnica – Banisko Intrusive Complex (sills and dykes of quartz-diorite
porphyry) and basal beds of the volcanic complex.
The Banisko Intrusive Complex includes sills, laccoliths and dykes of quartz-diorite porphyry exposed by extensive
denudation in the area of the Hodruša-Štiavnica horst. Sills and laccoliths dominate in the central part of the horst, being
enplaced mostly at the contact between pre-volcanic basement and overlaying volcanic complex, within the lower structure and

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

79

at the base of the caldera filling. Individual bodies extend over the area up to several km2; having thickness 2 – 200 m. Grain
size of holocrystalline groundmass increases with the depth and size of individual porphyry bodies.
Dykes occur mostly as individual bodies, sometimes creating dyke swarms. Their width varies from several meters to
100 m, length from several tens meters to 1 500 m. Dominant orientation of dykes is NNE – SSW and N-S, mostly dipping out of
centre of the Hodruša-Štiavnica horst. Fact, that the intrusive complex is in the central part composed mainly of concordant
intrusions and at its margins by outward dipping dykes and dyke swarms implies, that sills as well as dykes were enplaced due
to subsidence of the central block (underground cauldron
subsidence, ring dyke mechanism; Fig. B.34). Dykes show rather
high variability in petrographic composition from amphibole-pyroxene
diorite porphyry to acidic biotite-amphibole quartz-diorite porphyry
with quartz phenocrysts.
In the abandoned quarry next to Juraj gallery, there is
exposed a quartz-diorite porphyry dyke striking NE-SW, dipping 60°
SE. It is 120 m thick and 1500 m long. Its blocky/columnar jointing is
almost perpendicular to the dyke’s walls. The rock is coarse
porphyritic with phenocrysts of plagioclase, amphibole, biotite and
rare quartz. Groundmass is of the hypidomorphic- to allotriomorphicgranular texture, being composed of quartz, orthoclase, subordinate
plagioclase, and minor magnetite. Dark green colour of the rocks is a
result of propylitic alteration. Mafic phenocrysts are affected by
chlorite, carbonate and pyrite replacement. Plagioclase is sericitized.
Groundmass is partially recrystallized to a mixture of quartz, sericite,
carbonate and rare pyrite.
In the another abandoned quarry at the footwall of the dyke
there are exposed basal strata of volcanic complex in the form of
fine epiclastic volcanic conglomerates and sandstones, which rest
upon Paleogene conglomerates of the basement (exposed NW of
Fig. B.34: Banisko Intrusive Complex, quartz-diorite porphyry: A –
the locality). Conglomerates are composed of reworked pyroxene
scheme of the intrusive complex structure. 1 – andesite complex of the
and amphibole-pyroxene andesite material (subangular to suboval
lower structure, 2 – pre-volcanic basement: a) crystalline complex, b)
fragments up to 2-5 cm in diameter), rare pebbles of basement rocks
Mesozoic sedimentary rocks; 3 – intrusive complex of quartz-diorite
(crystalline schists, quartzite, limestone, dolomite) and pumice
porphyry: a) sill, b) dyke; 4 – granodiorite.
admixture. Matrix is medium-grained to coarse-grained, sandy, with
tuffaceous admixture. As a result of propylitic alteration the rock is
homogenised, its clastic texture being obscured. The character of basal strata indicates that the initial volcanic activity took
place in the terrestrial, fluvial to limnic environment.

Stop 4.6: Szabóova skala cliff – a rhyolite
extrusion
Jastrabá Formation includes products of the
Middle to Late Sarmatian rhyolite volcanism. It was
active at the same time as the uplift of the HodrušaŠtiavnica horst and intensive subsidence of the
Žiarska kotlina basin. Rhyolite magma ascended to
the surface using especially the fault system
separating the horst and basin identified as the
Vyhne-Ihráč volcanotectonic zone. The rhyolite
volcanism in the Žiarska kotlina basin is represented
by a dome/flow complex accompanied by pumice
tuffs, reworked tuffs, and epiclastic volcanic breccias,
conglomerates and sandstones (Bezák & Lexa 1983).
Volcanic activity at individual centres started by the
phreatomagmatic and Plinian type eruptions giving
rise to tuff cones and tephra (agglomerate, pumice,
ash) horizons. Initial explosive activity was followed by
the growth of extrusive domes, accompanied at
Fig. B.35: Rhyolite extrusion Szabóova skala, the Jastrabá Formation. A – surficial scheme,
marginal parts by accumulation of extrusive breccias
B - geological cross-section 1-1. a – older destroyed rhyolite extrusion; a1 – extrusive
breccia; b – younger extrusion – Szabóova skala with perlite rim; c – hyaloclastite breccia; d
or hyaloclastite breccias in the case of the aquatic
– epiclastic volcanic conglomerate, sandstone and reworked tuff; e – pumice tuff and tuff; f –
environment (Fig. B.35a). Primary fragmental material
sediments of the Žiarská kotlina basin.
and tephra deposits were subject to erosion giving rise
to accumulations of epiclastic volcanic conglomerates,
sandstones, and reworked tuffs, which are interbedded with fluvial sediments in the distal zone.
The Sabóova skala cliff itself represents a terminal uplift of strongly viscous lava (protrusion) as the final stage in growth
of the extrusive dome (Fig. B.35b). At the margin of the protrusion, there is a zone of glassy rhyolite (perlite). Vertically oriented
cavities (lithophyses) and flow banding (alternation of lighter and darker zones) document the vertical upraise of almost solid
lava. Vitreous groundmass is often recrystallized to spherulites – radially oriented aggregates of sanidine, cristobalite and
hematite.
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The cliff is natural monument named in honour of excellent petrographer J. Szabó, professor at Budapest University, who
worked in the Banská Štiavnica region and contributed significantly to the progress in geology and petrography of volcanic
rocks.

Stop 4.7: Šibeničný vrch – phreatic cone and
intrusion of basaltic andesite

Fig. B.36: Basaltic andesite volcanic products of the Šibeničný vrch Formation.
A - Phreatomagmatic tuff cone on the SW slope under the elevation point 384 Šibeničný
vrch eastward of Žiar nad Hronom. I – older tuff cone with southward dip of strata 25-30°,
which consists of alternating fine to coarse grained palagonitic tuffs with fragments of
andesite and pebbles of rhyolite, andesite and basement rocks; II – younger tuff cone with
south-westward dip of strata 15-20°, which consists of alternating fine to coarse grained
palagonitic tuff with intercalations of breccia, consisting of basaltic andesite fragments and of
polymict material with pebbles of quartz, crystalline schists, granite, rhyolite and andesite
(the average diameter is 2-5 cm, occasionally 20-30 cm). B – younger tuff cone in detail. a –
fine breccias with fragments of basaltic andesite and pebbles, of crystalline schists, granite,
quartzite, rhyolite and andesite and with tuffaceous-sandy matrix; b - palagonitic medium to
coarse grained tuff; c – layers of fine grained tuff with base surge type texture alternating
with layers of coarser grained tuff; d – impact structures of basaltic andesite and basement
rock fragments (deformation of underlying beds). C - Schematic geological section of the
Šibeničný vrch Complex east of Žiar nad Hronom. 1 – Pliocene gravel; 2 – basaltic andesite;
a – intrusion, b – lava flow, c – lava breccia; 3 - diatreme – maar, phreatomagmatic
pyroclastic rocks (tuff, breccia, fragments and pebbles of basement rocks, andesite and
rhyolite); 4 – products of the Jastrabá Formation, a – sandstone, b – tuff, c – conglomerate.
D – Protrusion of basaltic andesite through beds of the Jastrabá Formation –northward of
Žiar nad Hronom, a – basaltic andesite with blocky jointing; b – epiclastic volcanic
sandstone, tuff and conglomerate of the Jastrabá Formation; c – debris.

The Šibeničný vrch Complex includes relicts of
the Pannonian basalt to basaltic andesite volcanism at
the eastern margin of the Žiarska kotlina basin. Dykes,
necks, laccolith, sills, lava flows and remnants of
phreatomagmatic tuff cone have been recognised.
At the western base of the Šibeničný vrch hill
there is exposed a part of a tuff cone, which was
created during initial phreatomagmatic eruptions (Fig.
B.36a). Pyroclastic material creates two sets of beds.
The earlier one dipping southward is dissected (by a
strong explosive event?) and followed by relatively
younger westward dipping set. Massive unsorted beds
deposited by wet surges (Fig. B.36b) alternate with
sorted layers deposited by ash falls. Material is
palagonite tuff with sand admixture. Larger fragments
area vesiculated basalt bombs and lapilli, basalt
fragments and pebbles of various andesites, rhyolites,
quartz, quartzite, gneiss and granite mobilised from
gravel horizons in underlying sediments of the Žiarska
kotlina basin. Bigger basalt fragments and pebbles
create
impact
structures
(Fig.
B.36b).
Phreatomagmatic cone is penetrated by a basaltic
andesite body, which in the northern direction passes
into a thick and short lava flow (Fig. B.36c).
At the southeastern base of the Šibeničný vrch
hill the basalt intrusion penetrates conglomerates of
the Jastrabská Formation with rhyolite and andesite
gravels. Intrusion is of a rather complicated form – an
E-W striking dyke (its northern wall is exposed in the
northern wall of the quarry) is combined with a halflaccolith, which has deformed and uplifted gravels in
the southern part of the quarry. The basalt is dark,
almost aphanitic. Small phenocrysts are plagioclase,
pyroxene
(augite,
hypersthene)
and
olivine.
Groundmass is of the doleritic to trachytic texture,
composed of plagioclase, pyroxene, olivine and
magnetite.
Radiometric dating of basalts and basaltic
andesite bodies of the Šibeničný vrch complex has
given the age interval 11.1 – 8.2 ± 0.5 Ma (Balogh et
al. 1998), implying an episodic activity during the
Pannonian stage.

Stop 4.8: Road cut between Nevolné and
Kremnica – lava flows in filling of the
Kremnica graben

The N-S oriented Kremnica graben evolved
contemporaneously with the Štiavnica caldera during
the Late Badenian time. Its subsidence estimated at
1000 m was compensated by intense volcanic activity.
The lower part of the graben filling in thickness 500 m
is represented by the Turček Formation representing volcanic activity of basalts, basaltic andesites, pyroxene andesites and
leucocratic andesites. Lava flows alternate with hyaloclastite breccias, phreatomagmatic pyroclastic rocks, pyroclastic breccias
and agglomerates, tuffs and epiclastic volcanic rocks (reworked hyaloclastite and pyroclastic rocks). The upper part of the
graben filling in thickness 500 m is represented by a set of extensive pyroxene-amphibole andesite lava flows. A trend from
early pyroxene andesites with accessory amphibole towards final biotite-amphibole-pyroxene andesites has been observed
within the succession of lava flows.
Individual lava flows are 20 – 100 m thick, extending laterally up to 6 km. Blocky lava breccia at their base is usually thin
or even missing. The lower part of individual lava flows is formed of massive grey andesite with platty jointing and lamination.
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Their middle part is represented by brownish slightly porous andesite with blocky jointing, passing upward into a thick cover of
blocky breccia, representing up to 50 % of the lava flow. Blocks in the lava breccia are porous, oxidised to red or pale colour.
Matrix is reddish to pale, strongly oxidised, usually of the detritic nature, sometimes of the porous lava nature.
At the locality there is exposed the lower part of one of the lava flows, showing characteristic platty jointing and
lamination respecting the uneven surface. At the lower left side the andesite is in a contact with blocky breccia of the underlying
lava flow. At the upper right side a transition into blocky lava and lava breccia can be observed. Different parts of lava flows are
also exposed in large outcrops preceding and following the locality.

5TH DAY PROGRAMME
M. Rakús, J. Hók, P. Kováč, Ľ. Sliva, R. Aubrecht, J. Schlögl & M. Mišík

Intramountaines depression; geology and tectonics
Stop 5.1: Socovce; Overview of
geology of The Turčianska kotlina
Depression

Fig. B.37: Simplified geological map of the Turčianska kotlina depression (Rakús, 2002).

The Turčianska kotlina Depression is
bounded to the west to Veľká Lúka part and
to the north to Kriváň part of the Malá Fatra
Mts. From the eastern part the boundary
separates the depression from the Veľká
Fatra Mts. From the south the Turčianska
kotlina Depression is bounded to the Žiar
Mts. and neovolcanics of the Kremnica hills.
The Turčianska kotlina Depression
represents an intermountain depression
filled by the Paleogene, Neogene and
Quaternary deposits (Fig. B.37). In general,
the bedding dip toward west. The uniform
dip of the sedimentary sequence point to
the long-term activity of faults near the
western margin of the depression.
The Neogene fill of the Turčianska
kotlina Depression represents a halfgraben
filled above all in the Middle and Late
Miocene. The verified thickness of the
Neogene deposits in the basin centre is up
to 1027 m (borehole ZGT-3). From the
Early Sarmatian the Turčianska kotlina
Depression was an isolated sedimentary
basin in the framework of intermountain
Neogene depressions of the Western
Carpathians. This assumption is confirmed
by endemic fauna found at more localities.
The main reason of its isolation was the
uplift of Žiar Mts. in the south, dated on the
basis of FT apatite ages to 46 ± 5 to 52 ± 7
Ma, and an intense neovolcanic activity
which products are preserved mainly in the
southern part of the depression. The main
phase of subsidence is represented by
Martin Formation sediments, which were
deposited in a basin with the axis in NNESSW direction. The sediment input into the
basin occurred from the west toward the
east (Fig. B.38).
The compressional axis of the
palaeostress field was during the Martin
Formation deposition (? Early Sarmatian –
Late Pannonian/Pontian) oriented in the
NNE-SSW to NE-SW direction. The main
role during the depression history had
marginal listric faults nearby the west
margin that were active during the whole
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Neogene development of the depression. The generally NW – SE oriented extension also determined an origin of the antithetic
faults nearby the eastern margin of the depression. The marginal fault activities resulted in origing of huge alluvial fans (e.g. part
of the Abramová Member alluvial fan is the object of the excursion locality). During the Pliocene the maximum deposition was
concentrated in the southern part of the depression. In this part the clastic deposition continued to Pleistocene.

Fig. B.38: Direction of paleotransport and origin of pebbles in alluvial fans conglomerates.

Stop 5.2: Súľov; Geology of Súľovská kotlina basin
The Súľovská kotlina basin, from a geomorphologic point of view, represents an Inner-mountain Depression – erosion
window, axis thereofhas NS orientation and it is not longer than 8 km (Fig. B.39). Although it is not large in extent it represents
one of the few places in Western Carpathians where we can observe a tectonic-sedimentary relationship of the Central Western
Carpathians and units neighboring the Klippen Belt.
The Basin itself is situated at the external edge of the Inner Carpathians, in the middle of Inner Carpathian Paleogene
sediments, especially of Súľov conglomerate facies. These conglomerates represent the post-orogene sedimentary formation,
which is typical for its stable association of aggregates, with up to 98 % of dolomitic origin (Marschalko & Samuel 1993). A
source area of the conglomerates with regard to their composition and orientation of longer rolled pebble axes, was the nappe
system of Hronicum situated more internally, i.e. southward, where this type of rocks prevailes. The conglomerates lay
discordantly on the basement, which is composed of different tectonic units. Close to the source area (NE part of the Strážov
Mountains) they lay directly on the Triassic carbonates of Hronicum. In the direction to the Klippen belt (Súľov basin) they lay on
Cretaceous sequences of the Manin and the Križňa Unit at 10 - 40°. The thickness of these sediments differs, in the Súľov basin
area it is estimated up to 1200 m, whereas eastwards it decreases to few tens of meters.
Lithology: Sedimentological research by Marschalko & Samuel (1993) showed, that Súľov conglomerates are composed
of several lithotypes, which could be summarized into main types: coarse-grained, chaotically to poorly graded breccias, block
breccias, massive poorly graded breccias to conglomerates and graded conglomerates and sandstones. They are often without
structure with isolated blocks of carbonates supported by sandstone-gravel matrix. They are mostly massive, often bedded,
whereas the layer course can be followed for a great distance. Part of the carbonatic conglomerates has a character of
intraformational conglomerates with lithoclasts of flysch pelagits. From accompanying hemipelagits are known tanatocenoses of
rhabdamino-dendrophyral associations, which would indicate the deep-sea origin.
There exist different opinions on the origin of the conglomerates. Some of the authors consider them continental-shallow
water sediments (Andrusov & Kuthan 1944, Salaj 1991), some, on the other hand, products of turbidity currents deposited in
deep-see environment (Marschalko & Kysela 1980).
As Marschalko (1962) calls attention to, in our case we have two types of conglomerates: 1) basal and 2)
intraformational. Although material composition is in both cases the same their genesis is different. Sedimentological research
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showed that (Marschalko & Samuel 1993), originally shallow water material was transported by a system of large deltas to the
rim of deep-sea channels, from which it was gravitationally skidded with presence of tectonic-seismic activity to deep parts of
the basin.
Stratigraphically, the conglomerates are partly diachronic, first conglomerates appear in Ilerdian (so called western
branch). The main mass is of Cuisian - Lutetian age.
In the Súľov Basin the above mentioned conglomerates colmate nappe contact of Križňa Nappe with the Manín Unit.
Front parts of the Križňa Nappe, in this case represented only by Lower Cretaceous deposits (Mráznica, Poruba Formations and
Zlatý dielec limestones) rest on Upper Cretaceous deposits of the Praznov Beds (Middle Turonian) of the Manín Unit.
The Súľov conglomerates proper are divided into two branches: eastern and western. Whereas in the eastern branch the
conglomerates lay normally under a dip of cca 40° to the East, conglomerates in the western branch are in overturned position,
steeply dipping under the angle of 60 - 80°. The different position is caused by intensive post Middle Oligocene movements
connected with the creation of the Klippen belt as a structural element.
Western boundary of the Súľov basin is tectonic, formed by a steep upthrust inclined to W-NW direction, on which
klippens of Kostolec sequence (Vrchtepla and Súľov Klippen) are withdrawn in stratigrahic range Jurassic-Lower Cretaceous
(Urgonian limestones).

Fig. B.39: Geological map and cross-section of the Súľov depression (Kysela & Rakús, 1983).
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Stop 5.3: Jabloňové quarry
Outcrop is situated in work quarry south – west from Jablonové vilage. Quarry is build by complex of carbonate
sandstones, sandy limestones, conglomerates and breccias, which are in overturned position (bed dip 80º) Dolomite clast are
dominated (90%), less frequent are Jurasic and Cretaceaous limestone clast and Paleogene reef limestone and mudstone
clasts. Clast are mainly medium rounded, however, in breccias and unsorted conglomerates are angular clast very common.
Sediments are Ilerdian in age, toward top of formation they pass into coarse bedded flysch deposit (Ilerdian to Cuissian) and
into western branch of Súľov conglomerate (Cuissian).
Stratigrafically lowermost sediments are in western part of quarry and they represents complex of massive or gradded
detrical limestone, which sharp passing into thick complex of conglomerates, coarse to medium grained sandstones and
occasionally to breccias. Detrital limestones are predominantly massive, sometimes have gradded base or have 10 – 40 cm
long block of organodetrical limestones (probably shelfal intraclasts). In interval 18 to 124 m (Fig B.40) are developed thick
complex of breccias, conglomerates and sandstones, which form four finning and thinning upward megacycles, divided inside
onto similar, but smaller trends 4 – 14 m thick. Sandstone in this part of profile prevail, they are coarse grained (sometimes form
pebble sandstones), massive or normally gradded on trends lower part and coarse to medium grained in upper part of trends. In
sandstones prevails Bouma Ta intervals, Tb and Tc intervals are less common, is typical for upper part of trends (mainly in
interval 66 – 86 m) Fine grained sanstones, siltstones and mudstones are very rare. Sandstones sometimes laterally pinch out
and form shallow, broad channel fill. Conglomerate are common mainly on trends base, they are predominantly well sorted,
clast supported, massive or normally gradded, occasionaly are horizontaly bedded or form thin layers in multiple sorted
sandstones. Less common is matrix supported, massive, medium to coarse-grained conglomerate. Breccias are uncommon;
they are massive or inverse gradded. Clast to matrix (small pebbles and sand) supported type prevail, muddy matrix supported
types are less frequent.
Uppermost pars of profile (0 – 18 m) suggest to generally coarsening and thickening upward trend in whole profile, they
are form by massive breccias and conglomerates with clast and blocks of carbonates from several cm to 2 m long. In this
section are observable two coarsening and thickening upward trends. Massive, cobble and boulder, matrix-supported breccias
are dominated, better sorted conglomerates, sometimes with floating megaclast are common too. Sandstones are rare, the are
coarse and medium grained, normally and inverselly gradded.
Sedimentary succesion suggest to sedimentary environment in deep-sea submarine fan, sedimentation was influenced
by different types of gravity flows, from dense debris flow to dilute turbidite currents. In sedimentary profile we can observe
several types of sedimentary facies, which miror different transport and deposition mechanism. First type are muddy matrix
supported breccias or conglomerates. This type prevails in upper part of profile and suggest to deposition from dense, cohesive
debris flow. Massive or inverselly gradded, clast to matrix (fine gravel and sand) supported brecias and conglometares of
second type are asociated with previous type and represent deposit of cohesionless debris flow. Crude, coarse tail normal
gradding is uncommon and is characteristic for third type of sedimentary facies that represents deposits of hyperconcentrated
flows. Very common are massive or normally gradded fine conglomerates to coarse sandstones and coarse sandstones,
suggesting to deposition from high-density turbidity current. Hovever, if contains large floating clasts, they represents more
sandy debris flow origin than turbidity current in origin. To dilute turbidity current deposit we can assign normally gradded or
massive medium to fine grained sandstones, often with Tb and Tc Bouma´s intervals. This sedimentary arrangement suggest to
origin in upper to middle, channelised part of submarine fan. Lowermost part of profile was deposited in middle submarine fan,
in relatively shallow and broad channel. Middle part of profile exactly documenting deposition in deeper channels of inner fan,
sometimes are developed levee deposit. Upper, debris flow dominated part is associated with main feeder channels or canyons
(?) of submarine fans, coarsening and finning upward tredns may suggest to increacing of tectonic instability of area.

Stop 5.4: Manín Canyon, Záskalie and Drieňovka
The Manin area is not only a region with attractive landscape, but it is also a classic area, where in the 30s Dimitrij
Andrusov defined the Manín Unit. Manín Canyon, Záskalie and Drieňovka surroundings together with the Butkov area near
Ladce also represents places, where the Jurassic-Cretaceous beds of Manín Unit are uncovered the best. Bearing in mind
these facts we consider the above-mentioned localities a “classic area”, to which we refer as Manín Unit, although the Triassic
members are not preserved there.
The Manín Canyon area, thanks to its picturesque morphology, fauna and flora, was proclaimed a protected reservation,
unlike the Butkov area where extended cement raw material exploitation takes place.
The Manín Unit presents a fold-nappe structure situated in the foreland of the Križňan nappe, covering it tectonically after
Middle Turonian. This structural setting is later conserved by Paleogene Súľov conglomerates, which lay on these units
transgressivly.
Andrusov (1931, 1938) originally brought into relation Manín unit with the Klippen Belt due to its Klippen style. However,
the presence of such a characteristic facie as Urgonian limestones present in the Manín Unit as well as in High Tatras belt led
him to paleogeographically relate these units to Manín-High Tatras belt.
Later Maheľ (1978), Borza (1980), Michalík (1987) and Plašienka (1995) associated the Manín Unit with Križňan nappe –
with its Belá development. Reasons why this opinion is not accepted any more are summarized in the article by Rakús &
Marschalko (1997).
From the lithostratigraphic point of view we can divide the Manín Unit into two groups of sedimentary successions, which
also represent two sedimentary cycles:
First – Lower Jurassic to Lower Cretaceous (? Hettangian to Aptian, Lowest Albian)
Second – Middle Jurassic (Upper Albian to Middle Turonian)
The first cycle can be identified with the Manín – Butkov Group (in sensu Rakús 1977, 1997), whereas the second
belongs to the Podmanín Group (in sense by Kysela et al. 1982).
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Although the Manín-Butkov Group has many similar features there are differences in the development of Upper Liasic
and Doggerian. While in the Manín part proper prevails shallow water facial regime accompanied with hiatus (Toarcian to
Bajocian) and missing of radiolarias, in the Butkov part the sequence of beds was more complete and facially deeper.
Manín Canyon (Fig. B.41):

Fig. B.41: Manín Canyon profile. Explanations see below.
From the auto-camp, located at the beginning of the Manín Canyon, we can trace following profile on both sides of the
valley:
1/ dark-gray cherty limestones and marlstone (Holiak Fm., ?Hettangian). This is the lowest member of the Manín Unit
exposed to the surface. They are dark-gray to black, more or less sandy detritic limestones with black cherts (spiculites). In
limestones there are intercalations of marlstones (5 to 20 cm) of the same color. Stratigraphically, they are not accurately dated
by now, but their presence under the Terlenska Formation would suggest Hettangian age. The thickness is estimated to 100 –
150 m.
2/ gray sandy-crinoid, massive to thick-bedded limestones locally with chert (Terlenská Fm., Sinemurian to Domerian).
This lithological member is one of the most spreaded facial types with considerable thickness. These are generally gray crinoid
biosparites with varying terrigene admixture of sandy fraction consisting mostly of quartz. The grainsize varies from sand to
microconglomerates (max. gravel size is up to 2 cm). Further, there are aggregates of variously alternated carbonates
(limestones and dolostones) and quartzites. Distribution of the terrigene fraction is uneven and there are some passages where
it reaches up to 40%, passing to calcareous sandstones. Locally there are uneven nodules of gray and brown cherts (spiculite)
present.
According to the following fauna: Gryphaea arcuata (Lam.), G. obliqua (Gold.), Cardinia sp., Chlamys (Aequipecten)
aequivalvis (Sow.) and Terebratula punctata (Sow.) (Andrusov, 1931) we stratigraphically defined these beds as Sinemurian Domerian.
Rich fauna can be found also in the Butkov part: Coroniceras cf. lyra (Hyatt), Gryphaea obliqua (Gold.), G. cymbium
(Golf.), Oxytoma muensteri (Gold.), Chlamys (Aequipecten) acutiradiatus (Sow.), Spiriferina tumida (Buch), Cuneirhynchia
retusiformis (Opp.). Belemnite fauna is present in the upper parts of the Butkov area: (determined by Dr. Činčurová):
Passalotheutis apicicurvatus (Blenv.), P. elongatus (Miller) and Nannobellus penicilatus (Blenv.), That pointing out to Domerian
age. Total thickness of beds is about 250 m.
3/ green crinoidal limestones (Tunežice limestone, Toarcian). The uppermost parts of crinoidal limestones are more
stratified, eventually they pass to a thin layer of green medium grained crinoidal limestone (crinoidal biosparites) with abundant
impurities of green mineral – glauconite. Rich fauna of ammonites of Middle Toarcian age was found therein in Tunežice locality
(Rakús, 1977). The thickness does not exceed 1 m (Fig. B.42).
4/ red and pink nodular limestones (Klauss Fm., Bathonian - Oxfordian). They create an important lithostratigraphic
horizon. On the base of strata is present a thin (up to 40 cm) layer of red-brown, at times greenish slightly crinoidal limestone
with isolated red cherts. Towards the green crinoidal limestones a Fe/Mn crust separates this layer. In the upper part of the beds
there are Parkinsonia (Gonolkites) cf. schloenbachi Schlippe, that pointing out to Early Bathonian.
Klaus limestones itself starts after this part. On the base there are red nodular-bedded limestones with thin layers of
marly nodular limestones. A peculiarity of this part is presence of glauconite (Misik & Sucha, 1994). A rare ammonites fauna is
the present in these parts: ? Flabellisphinctes sp., Lissoceras aff. psilodiscus (Schl.), Ptychophylloceras cf. hommairei (d´Orb.),
Holcophylloceras cf. mediterraneum (Neum.) and Calliphylloceras cf. disputabile (Zittel). This fauna would point to Bathonian Callovian age.
Upper parts of the Klaus formation is more massive, whereas the colors becomes lighter and the limestones change to
pink-yellowish color, with transition to light gray. Microfacially, they are biomicrites with a plentiful presence of microorganisms:
Cadosina parvula Nagy, C. lapidosa Vogler and Saccocoma sp. From the lower parts fauna of ammonites and bivalvia comes:
Lytoceras polycyclum Neum., Physodoceras sp., "Perisphinctes" rollieri Loriol, Aspidoceras cf. wolfi Neum., and Placunopsis
elliptica Loriol (Rakús 1977). The above-mentioned fauna points to Oxfordian - Kimmeridgian age. The total thickness is about
55 m.
5/ pinkish and light gray, layered sludge limestones (= type biancone auct. ?Ladce limestones, Upper Kimmeridgian Tithonian). Defining of these strata also creates a problem due to transitions to underlying and overlying formations. Generally,
we can say that the low parts are rather pinkish and pseudo-nodular with Saccocoma sp. + tintinid association (Mišík 1957,
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Borza 1969), whereas the upper ones contain abundant association of candosins and calpionelids (Borza 1969) of TithonianBerriasian age. The total thickness is about 120 m.
6/ dark gray bedded clayey
limestones with black cherts (Kališče
Fm.,
Tithonian
/
Berriasian
Valanginian).
This
strata
is
characteristic for well-layered (10 – 20
cm), clayey limestones with nodules of
black cherts. Microfacially, these are
biomicrites with tintinid but mosthly
nonnocone associations (Borza 1969).
Thickness is 80 m.
7/
gray
clayey
bedded
limestones
with
intercalations
of
calciferous claystones (Mráznica Fm.,
Hauterivian). They are overlapping
cherty limestones, from which they are
gradually formed. Locally they contain
also nodules of black cherts, but in
much less amount then the previous
beds. Macrofauna is poor with following
members found: Neolissoceras grassi
(d´Orb.)
(Andrusov,
1945)
and
Crioceras ex gr. koechlini Astier, most
probably suggesting Upper Hauterivian
age. The thickness is 100 m.
8/ gray biofragmental limestones
(Podhorie limestones 8a) and light gray
organogenic limestone (Manín Fm. =
urgonian limestones auct., Barremian Aptian). Boorová and Salaj (1996: 178)
confirmed, that the Podhorie limestones
rarely contain foraminifera: Dorothia cf.
oxycona (Reuss), Spiroplectinata sp.,
Annomalina sp. and Lenticulina sp.
The
Manín
Beds,
are
overlapping overlying beds, belong to
the most characteristic members of the
Manín Unit. The main mass is
represented by light gray, massive
organogenic-gravelly limestones with
irregular accumulations of organoclasts
of rudists, gastrophods, calcareous
algae, rarely corralites and orbitolines.
Microfacially they belong to the
intraclast-rudist
grainstones
to
rudistones. The age of the strata is
known for a long time, although not
uniformly perceived. On the basis of
rudists Praecaprotina sp. and Offneria
Fig. B.43: Detail from Manín Canyon profile. For further detail see text below.
sp. Andrusov & Küohn, 1942 and
Andrusov, 1945 considered these
limestones as Upper Barremian-Aptian.
Such categorization was recently proved by prof. J.P. Masse (Marseille), revising these
determinations. According to him genus Offneria is a typical representative of African
bioprovince, which is present only in Lower Aptian.
On the other hand, on the basis of big foraminifers: Valserina cf. broennimani
Schrőder et Conrad, Paleodictyoconus barremianus (Moullade) and Sabaudia minuta
(Hofker) Kőhler (1980) consider them being Middle to Upper Barremian.
Manín Beds in Manín as well as in Butkov development are covered by typical hard
ground, which ends the Jurassic - Lower Cretaceous sedimentary cycle (Rakús, 1977).
The total thickness variates a lot, but in the central part of Manín it is about 120 m.
9/ gray calciferous claystones and clayey limestones (Praznov Fm., Butkov Mb.,
Upper Albian - Cenomanian). This formation starts a new sedimentary cycle of the
Podmanín Group. Butkov calciferous claystones reside with interruption on hard ground,
covering directly on Urgonian limestones (Fig B.43). This interruption of sedimentation was known to Andrusov (1938), who
introduced the term “Manín phase”. However, in sense of time, it was not a long interruption, because it takes only part of Aptian
to Lower Albian. In the Butkov part the interruption is even shorter.
In the Manín Canyon (next to the little memorial) this contact was artificially uncovered and on the hard ground there are
greenish clayey limestones (= Butkov Mb.) in which the following community was found: Calciphaerula innominata Bonet,
Fig. B.42: Lithostratigraphic column from the Manín Canyon. For further details see text.
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Bonetocardiella conoidea (Bonet), Pithonella ovalis (Kaufmann), P. trejoi Bonet , as well as Whitinella gandolfii which suggests
Upper Albian to Middle Cenomanian age (Kysela & Rakús, 1982). Boorová & Salay (1996: 179) identified there: Thalmanninella
ticinensis subticinensis (Gand.), T. ticinensis ticinensis (Gand.), Hedbergella delrioensis (Carsey) and Hedbergella sp., that
according to this authors, representing Upper Albian.
Urgonian Limestones again lay over the calciferous claystones of Butkov Beds in tectonic position. These limestones
create the last scene of the southern wing of the Manín fold with a reduced middle fold. Its contact with the Praznov Formation,
which creates huge syncline, is of the same character as it was described above.
Záskalie syncline: it is situated between the southeast wing of the Manín fold and anticline of Drieňovka. It is relatively
gripped, with dipping of layers from 50° to 80°, partly asymmetrical with axial sinking to the northeast. Its filling consists of
Práznov Beds of Upper Albian to Cenomanian age.
Drieňovka anticline: (Fig. B.44) Southwestward of Záskalie syncline there is morphological dominant – Drieňovka
anticline. Longer axis of this structure has NE – SW orientation and it is approximately 1 600 m long. In a core there are gray
cherty limestones of Lower Cretaceous age (Kališče Fm.), which are intensively disharmonically folded. On the wings of the
anticline there are Urgnonian limestones, which are from slightly deeper water (slope facie) than the limestones from the Manín
Canyon, that beeing suggested by a graded arrangement of biodetritus.
On the surface of the Urgonian limestones there is typical hard ground, like in Manín, over which lay Butkov Beds of
Praznov Formation.

Fig. B.44: Dieňovka anticline.

Stop 5.5: Klippe Vršatec, Geology and tectonics of Pieniny Klippen Belt
The typical klippen structure of the Pieniny Klippen Belt is well developed in the middle part of the Váh Valley. The
Vršatec Klippen is the largest in Slovak territory and in the entire Pieniny Klippen Belt. They are situated above the village
Vršatské Podhradie, NW of the town Ilava. In the group of Vršatec we can distinguish mainly klippen of the Czorsztyn and
Kysuca Units as well as some smaller ones belonging to transitional units (Orava Unit). The main Vršatec klippen are divided in
two parts (Vršatec Castle Klippe and Javorník Klippe, Fig. B.45, B.46), both built by sediments belonging to shallower
development of the Czorsztyn Unit (Aubrecht et al. 1997). It is the only locality with typical Jurassic biohermal facies in the whole
Pieniny Klippen Belt area (Vršatec Limestone, Oxfordian). The limestone was named and described in detail by Mišík (1979).

The litostratigraphy of the Vršatec Klippen
Mišík (1979) identified two tectonical slices in the klippe, but the geological situation is probably more complicated,
mainly in the part directly above the village (recently under study).
NW of the main Javorníky klippen, N of the Vršatec Castle Klippe, a shallow-water type of the Czorsztyn Unit occurs. The
succession is as follows (in stratigraphical order):
1. White, greyish to pinkish crinoidal limestones, occasionally stratified (Bajocian - Lower Bathonian).
2. Dark-grey sandy crinoidal limestone with bryozoans and serpulids and rare brachiopod fauna (Bajocian - Bathonian).
3. Pink, slightly crinoidal to muddy unstratified limestone (Bathonian - Callovian). Bivalves and brachiopods prove its age.
Voids in the limestone are coated with initial cement and filled with laminated sediments. The limestones also contain
"evinosponge" structures.
4. Pink and grey peribiohermal limestone and reef breccia (Callovian - Oxfordian, Fig. B.47) contain scarce corals,
brachiopods and bivalves. The genus Tetrataxis and "microforaminifers" are present among characteristic microfossils. The
voids range up to dm in size and are filled with laminated varicoloured muddy limestones with cross bedding resulting from

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

89

replacement of inflow openings. Fragments
fallen down from the void walls disrupt
subjacent laminae and serve as a geopetal
criterion. Organic remains are scarce in the
voids and small caverns; they mostly belong to
ostracods. These crustaceans together with
unknown coprolites producing organisms
might represent original inhabitants of
caverns.
5. White biohermal limestone with
corals and calcareous sponges (Vršatec
Limestone, Oxfordian). Bivalves and corals
prove its age. Oxfordian coral limestone has
not been recorded elsewhere in the West
Carpathians. The Vršatec limestone formed
the core of a reef. Their voids and small
caverns display internal sedimentation and
scarce stromatolites of the LLH type. There
was found a new algal genus Verticillodesmis
clavaeformis Dragastan & Mišík (1975).
Fig. B.45: Geological map of the Vršatec Castle Klippe and the
Javorník Klippe (Mišík 1979).
1 - white crinoidal limestones (Bajocian - Lower Bathonian); 2 violet to pink crinoidal limestones (Bajocian - Bathonian); 3 - pink
and red slightly crinoidal to muddy unstratified limestones with
laminated void fillings and "evinosponge" structures
(Bathonian - Callovian); 4 - white biohermal limestones with
corals and calcareous sponges (Vršatec Limestone,
Oxfordian); 5 - cream muddy limestones with black-coated
bivalve debris (Oxfordian - Kimmeridgian); 6 - red nodular
limestones (Czorsztyn Limestone Fm., mainly Kimmeridgian);
7 - white and pink limestones with Calpionella, pink crinoidal
limestones with Pygope, pinkish slightly crinoidal limestones
(Dursztyn Fm., Middle Tithonian - Hauterivian); 8 - relics of
transgressive red marlstones and marly limestones (Albian Cenomanian)

Red marls and marlstones (Upper
Cretaceous). In the saddle above the village Vršatské Podhradie a road cuts both the klippe and its Cretaceous "envelope". A
tectonic contact of the Upper Tithonian to Berriasian white to pinkish Calpionella limestones with the deep-water Upper
Cretaceous red marls is exposed in this site. The sequence of limestones and marls is in reverse position. The marls are of
Albian to Campanian in age.

Indications of the Lower Cretaceous emersion in the Czorsztyn Unit
Besides the above-mentioned site, several other small relics of the Upper Cretaceous (mainly Albian - Chmielowa Fm.)
marlstones overlying the Neocomian limestones, together with some Albian neptunian dykes cutting the underlying rocks were
found in the most of the Vršatec klippen. Majority of them were summarized by Mišík (1979); two localities were revealed not long
ago. Basement below the Albian sediments is commonly irregular which was most probably caused by karstification and boring
animals. Small caverns in the Lower Cretaceous limestones filled by Albian sediments are common too. The Albian deposits are
pelagic marlstones to limestones, with fauna of belemnites (for example Neohibolites minimus Lister), bivalves Aucellina sp. and
numerous planktonic foraminifers Ticinella roberti (Gandolfi), Thalmanninella ticinensis (Gand.), Hedbergella infracretacea
(Glaessner), Thalmanninella apenninica (Renz), Planomalina buxtorfi (Gandolfi) and many agglutinated foraminifers. The
foraminifer assemblage indicates Albian to Cenomanian age of the overlying beds. Deep-water bacterial Fe-Mn-P stromatolites,
oncoids and Frutexites are common in the basal parts, sometimes directly overgrowing the underlying limestones (e.g. left side of
the saddle). Higher up, some radiolarian cherts were found in the Cenomanian-Turonian marlstones at the southernmost Vršatec
klippe (Sýkora et al. 1997) which testifies the rapid sea-level rise after drowning of the swell.
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Fig. B.46: Profiles through the Vršatec
Castle Klippe and the Javorník Klippe (Mišík
1979).
1 - yellowish marlstones with Echioceras
(Liassic); 2 - white crinoidal limestones
(Bajocian - Lower Bathonian); 3 - violetish to
pink crinoidal limestones (Bajocian Bathonian); 4 - pink slightly crinoidal
limestones with laminated void fillings and
"evinosponge" structures (Bathonian Callovian); 5 - pink peribiohermal limestones
with rare corals (Callovian - Oxfordian); 6 white biohermal limestones with corals and
calcareous sponges (Oxfordian); 7 - cream
muddy limestones with black-coated bivalve
debris (Oxfordian - Kimmeridgian); 8 - red
nodular limestones (Czorsztyn Fm., mainly
Kimmeridgian), 9 - pink, partly crinoidal
limestones with Pygope (Tithonian); 10 white and pink limestones with Calpionella
(Middle Tithonian - Hauterivian); 11 transgressive relics of red marlstones and
marly limestones (Albian - Cenomanian), 12
- red and greenish marlstones (Senonian);
13 - neptunic dykes

Importance of the locality in the light of paleomagnetic reconstruction of the original orientation of neptunian dykes as
indicator of extensional tectonics.
As most of the klippen represent isolated blocks and tectonic lenses which were rotated along several axes, utilization of
paleomagnetic methods was necessary for the reconstruction of their original position. So far, only four klippen have yielded so
many neptunian dykes that their orientations could be used for tentative statistic evaluation (Aubrecht & Túnyi 2001). One of
them was Vršatec Castle Klippe (Fig. 49); the other examined sites were Babiná quarry, Mestečská skala and Bolešovská
dolina. The neptunian dykes in these klippen cut the Bajocian-Bathonian crinoidal limestones (Smolegowa and Krupianka Fm.)
and are filled by red biomicrites which, if not sterile, contain mainly "filamentous", more rarely Globuligerina microfacies, which
sets the age of the dykes to the range from the Bathonian to Oxfordian with maximum during Callovian. Only exceptional
Tithonian and Albian neptunian dykes were found at Vršatec locality but representing just rejuvenation of the older, Callovian
ones (Mišík 1979).

Fig B.47: Polished section of cream peribiohermal limestone (Callovian - Oxfordian) containing
scarce corals and fragments of bivalves. The filling of the dykes is sterile and finely laminated.
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Measurements of neptunian dykes and their evaluation with utilizing of paleomagnetic correction for the first time
provided data, which enable to estimate orientation of the hypothetic Czorsztyn Swell. The mean orientation of the neptunian
dykes was NE-SW (with N-S to ENE-WSW variations), which indicates also the most probable orientation of the Czorsztyn
Swell. This direction points to NW-SE oriented Jurassic extension in that area. The paleomagnetic inclination ranging between
21o and 46o, with mean point of about 33o indicates approximately 10-30o paleolatitudes where the Czorsztyn sedimentary
area might be located at that time.

Fig. B.48: Some thicker neptunian dykes in a rock wall of the Vršatec Castle Klippe, just
below the ruin of the castle (on the top of the picture).

6TH DAY PROGRAMME
M. Potfaj, F. Teťák & M. Rakús

Pieniny Klippen belt and Flysch belt of Outer West Carpathians
General remarks:
The aim of this excursion-day is to present an overview of structural characteristics of the Paleogene sequences of the
Klippen and Flysch belts of the West Carpathians. The main lithostratigraphic features of each partial tectonic unit will be shown
Fig. 50.
The Klippen Belt we regard here as a complex structural Tertiary element on the border between the Outer and Inner
Carpathians, which contains sequences of diverse paleogeographic/paleotectonic origin (Potfaj 1997, 1998). Some of these
sequences originated from the common basin but in different facial conditions (like Pieniny - Kysuca - Branisko – deepwater,
versus Czorsztyn – Czertezik shallow marine carbonate platform rim), others sedimented in divers basins but later were
tectonically incorporated to the klippen structure. The youngest sedimentary lithosomes incorporated to the Klippen belt are of
Paleogene age. They originated either in the southern (Klape and Manín realm) or in the northern paleotectonic province
(Oravská Magura) according to the early form of the Klippen Belt. Only later, they were included to the Klippen belt as tectonic
slices and eventually folded together.
The Paleogene sediments collated to the southern rim of the Klippen Belt (Myjava – Hričov – Žilina) were known as
„Peri-Klippen Paleogene“ (Maheľ 1980, Samuel & Haško 1978). There was proven a stratigraphic continuity in the Hradisko
(near Žilina) from supposed Klape unit to the part of the Hričov Paleogene (Bystrická et al. 1983). Whether the Cretaceous part
of the Hradisko section belongs or not to the paleotectonic Klape unit, we consider it now as the integral part of the Klippen belt,
therefore the term Klippen Paleogene may be used for related sediments.
The northern border of the Klippen Belt is strictly tectonic one, and it contacts directly with Magura siliciclastic flysch
zone. Only the westernmost sector contains between the two zones the Biele Karpaty unit, which is supposed to be the
intermediate unit (Potfaj 1993).
The final formation of present Klippen belt appearance took part between the Late Oligocene and the Sarmatian, as the
Middle Sarmatian volcanic system covers the Klippen structures in the Vihorlat area (eastern Slovakia) (Žec et al. 1997). In the
west, near Podbranč the Eggenburgian conglomerates seal the vertically positioned Klippen sequences.
Flysch zone of the Western Outer Carpathians is divided to the three main zones: Magura (inner), Krosno (middle) and
„outer“ zone (see Nowak 1929). In our sector, we encounter the two internal zones: the Magura group of nappes and the middle
one, represented by Silesian and Subsilesian nappes (the last one not cropping out in the Slovak territory).
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Fig. B.49: The itineraire of route B of the 9th day of excursion.

The Magura group of nappes is differentiated to four (respectively five) general tectono-lithofacial partial units (Pesl 1965,
1968, Lexa et al. 2000): the Biele Karpaty (missing in our sector), the Oravská Magura unit (here only in strongly tectonized
zone intermittently outcropped along the Klippen belt), the Bystrica unit and the Rača unit. The outer zone of the Rača unit may
be correlated to the Polish Siary unit.
These units differ one from another by their lithostratigraphic content (Fig. B.50): The Oravská Magura contains typical
medium- to coarse grained Magura sandstone lithosomes in early Eocene (Marschalko - Potfaj 1983), Bystrica unit is
characterized by thick middle Eocene Bystrica Member of the Zlín Formation. The Rača unit is distinguished through presence
of the complex Soláň Formation (Late Cretaceous – to Paleocene) and the spectacular late Eocene Kýčera sandstone Member
of the Zlín Formation.
The Flysch units are stacked, internal over external ones, in shape of large agradational tectonic fan (Fig. B.51). The
formation of this tectonics began already in Late Cretaceous, continued to the Paleogene and fully developed during the
Neogene push of the Inner Carpathian block over the subducted substratum of the Flysch basin floor. In addition, large leftlateral shifts acted during this push, which caused that many of the originally neighboring terrains were dissected (torn out) and
shifted for tens if not hundreds of kilometers apart. Thrusted piles of sediments in the inner zone along the Klippen Belt were
steepened, and finally overturned to the south to their hinterland.
The deep structure of the contact zone is not yet well documented. From the seismic reflection profiles it is remarkable
that the European platform sinks down under the Flysch zone to the line Makov-Námestovo (cf. Roth 1967), further to the south
the platform is not evidenced from deep wells, neither from seismic research (Vozár et al. 1999).
The Magura nappe attained its present fan-shape by the oblique subduction process of the original basin floor, and
subsequently the border zones at the contact with Klippen block were torn out, consumed and/or laterally displaced along the
margin.
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Fig. B.51: Structural cross section.

Stop 6.1: Nededza village; abandoned local quarry and sandpit: Žilina formation (Fig. 52).
This Paleogene sandstone-conglomerate sequence outcrops at the inner rim of the Klippen Belt. Tectonically it belongs
to the Klippen Paleogene (formerly Peri-Klippen Paleogene). The sequence is in overturned position, as marked by gradation
texture and channeling features.
At the northern limit of the Nededza village, two small quarries expose closely spaced beds of coarse-grained
sandstones and fine conglomerates. Gradation bedding is common feature of all the beds. Amalgamation and composed
bedding is to notice in the upper quarry, here are also some erosive channels filled with coarser material. A planar crossstratification is rare. Bed thickness attains tens of centimeters to 2 m.
Fig- B.52: Nededza quarries: interpreted photograph

Material of the sandstones/conglomerates is purely carbonate: mostly dolomite and dolomitized limestone subrounded
grains. Sorted carbonaceous material may be interpreted as distal facies of the Súľov conglomerates (Marschalko & Samuel
1993).
The shape of the sandstone body seems to be lenticular (fan-shaped), about some hundreds of meters long. It is not
clear, if the sandy conglomerates from the Hradisko belong to the same, originally unique body with the Nededza fan.
Depositional current orientation was from south to the NNE according to cross-stratification, apart from erosive sole casts
at the bottom plane of some beds that show near E to W orientation.
Some Oyster fauna and large foraminifers in the stratigraphicaly-underlying conglomerate in the northern foothill identify
the marine environment. Here the assemblage determined by Dr. E. Köhler (in Potfaj et al. 1991) (Nummulites atacicus Leym.,
N. globulus Leym., N. pernotus Schaub, N. planulatus Lmk., N. rotularius Desh., Assilina placentula (Desh.), A. aff. leymeriei
(d´Arch. et Haime), Operculina cf. canalifera d´Arch., Discocyclina aff. archiaci (Schlumb.) denote the age of early Cuisian.
A lateral pass to the flysch facies of the „Klippen Paleogene“ is documented to the west: Walking along the field road (if
dry) some 150 m uphill we encounter flysch sequence with sandy/silty claystones and limy mudstones alternating with fine- to
coarse grained sandstones. Some of them contain large foraminifers: Nummulites exilis Douv., N. globulus Leym., N. involutus
Sch., and Operculina semiinvoluta Nem. et Barkh., Assilina leymeriei (d´Arch. et Haime), A. cf. i Doncieux, Discocyclina cf. tenuis
Douv., Asterocyclina sp. (det. E. Köhler l.c.).
From yellow marly clays we gained the nannoplankton assemblage of Coccolithus pelagicus, C. eopelagicus,
Chiasmolithus grandis, Ch. californicus, Discoaster binodosus, D. cf. barbadiensis, D. multiradiatus, Ellipsolithus macellus,
Fasciculithus sp., Heliolithus kleinpellii, Sphenolithus radians, Sph. moriformis, Toweius callosus, T. pertusus, Tribrachiatus
bramlettei and Tribrachiatus orthostylus (det. M. Potfaj). This confirms the early Eocene age of the sediments.
South of the village was drilled a well ŽK-6 to gain a thermal water from Mesozoic carbonates of Krížna nappe. All the
pile of drilled sediments was ascribed to Podtatranská Group, that means to Inner Carpathian Paleogene with age of late
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Eocene to early Oligocene. The well was abandoned in the depth of 650 m, without reaching the base of the Paleogene
sediments. The position of the beds is subhorizontal. Two seismic lines were measured in the region. A distinct seismic
reflective horizon at depth approx. 1-3 km is interpreted as a surface of the Mesozoic sequences of the Malá Fatra subsurface
slope (Potfaj 1996).

Stop 6.2: Brodno, abandoned quarry: Klippen belt – Kysuca sequence.
We encounter here the largest klippe of the Klippen belt named as „Kysuca klippe“ – its length is of 13 km. It is crosscut
by Kysuca River, which forms thus a true gate to the world of the Outer Carpathians. Different authors amongst them Andrusov
(1959), Scheibner (in Maheľ et al. 1968), Haško & Samuel (1977) and Haško & Polák (1979) described the complete sequence
(Fig. B.53). Beds are dipping to the north in overturned position. Resting with Snežnica and Gbeľany Formations on the “Klape
flysch” sequences (Spherosiderite beds and Pupov Formation), its base is cut-off.

Fig. B.53 Kysuca sequence: table.

In the nineties, the attempt to determine magnetostratigraphically the Jurassic/Cretaceous boundary was successful
(Houša et al. 1996). The exact plane lies in the bed No 15b marked in the white limestones of the Pieniny Formation (Houša et
al. 1999).
On the opposite riverbank near Vranie village we can see Lower Cretaceous part of the Kysuce sequence (From Pieniny
to Tissalo Formation), steeply overturned to the south.
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Stop 6.3: Kysucké nové Mesto – Radoľa (Skalka): Bystrica sequence in the Kysuca riverbed;
Magura Flysch; Middle Eocene.
Here we can see in close neighborhood of the Klippen Belt, the middle part of the Magura unit, which is the Bystrica
partial unit. The outcrop belongs to the southernmost Bystrica unit structure, its sheared northern fold-wing. The position of the
sequence is nearly vertical, with the top oriented towards north. In the entire region, we miss the innermost Magura partial unit –
Oravská Magura (= Krynica) unit. Only it’s remnants outcrop in tectonic mélange in narrow zone along the northern rim of the
Kysuca klippe.
Thick limy mudstones outcrop in the riverbed, supported with glauconite bearing sandstone beds. High energy and
voluminous turbidite currents are the main transport media; the main direction of currents was longitudinal, as we may observe
on the base of sandstone beds.
Disorganized and deformed muddy matrix with autoclasts of some beds illustrates the high-energy mode of deposition a
transition between the slump and debrite. Similar sandstone beds are also to be seen in the northern structures (Locality 5).

Stop 6.4: Krásno n. Kysucou – road-cut: Kýčera Fm. – large slump body in sandy Flysch.
Passing the Kysucký Lieskovec village, we enter to the Rača partial unit of Magura flysch.
Facing to the small town Krásno n. Kysucou, we stop at the southern end of 1,5 km long road-cut across the sandy flysch
of the Kýčera member of Zlín Formation. Here the sequence is in steep, nearly vertical position sloping to south, with the
stratigraphic base towards north. The uppermost part of the Kýčera sandstone here contains a contorted sandstone bed. The
slump fold axe is E-W oriented. Restoring the original position of beds and deploying the sedimentary fold along its axis reveal
the direction of the initial slope – in this case dipping from north to south. More about the Kýčera Member see in the Locality 6.
Further to north along the road-cut, we can identify two large structures – scaly-sheets, distinguished by a presence of
pelitic Vsetín Member of the Zlín Formation. In these are some quartz sandstones with glauconite.

Stop 6.5: Radôstka, along the road-cut, the parastratotype of the Bystrica formation; Bystrica partial unit,
Middle Eocene.
The Bystrica formation is one of the most distributed and best identifiable all along the western part of Flysch belt. It is
characterized by the thick (2-12 m) mudstones more or less limy, with typical conchoidal jointing. It is alternated with two types
of sandstone beds.
Sandstone of the first type, the quartz-arkose, usually contains large amount of green grains of glauconite, is forming 0,5
to 2 m thick beds. The structure of bed is Tac, rare Tabc, at the base may concentrate small pebbles of metamorphic shales,
granitic rocks and some redeposited Nummulites.
Second type is less thick, fine- to medium grained greywacke sandstone with mica. Bed structure is Tabc, Tbc, or Tac.
Some flakes of carbonized plants are dispersed mostly in the upper part of the bed. Erosive casts on these beds display a
general E to W paleocurrent direction, in contrast to the NNW to SSE direction on the arkosic sandstones with glauconite. This
proves the different sources of the sandstones: intrabasinal for the longitudinally distributed greywacke sandstones and the
northern source (Silesian Cordillera) for the sandstones with glauconite.
From the nearby region in Vychylovka we determined the nannoplankton species: Discoaster saipanensis Bramlette et
Riedel, D. distinctus Martini, Reticulofenestra umbilica (Levin), R. dictyoda (Deflandre et Fert), Nannotetrina fulgens (Stradner),
N. cristata (Martini), which indicate the age of middle Eocene (NP zones 15-16 i.e. Lutetian).

Stop 6.6: Radôstka – Stará Bystrica; outcrop along the riverbed; Beloveža Fm.; Bystrica partial unit,
Early Eocene
The lowest beds of Bystrica partial unit outcropping in this region belong to the Beloveža formation. It is formally divided
to lower (with red shales) and upper part – thin-bedded flysch. In the riverbed of the Radôstka creek, we may observe several
tens of meters of the Upper Beloveža Member. It consists of gray-to-green shaly claystones in 1-5 cm thick layers, intercalated
by 1-10 cm thick fine-grained sandstone beds. The sequence is undoubtedly of deep marine distal flysch origin. It contains
turbidite triplets of soft sandstone/siltstone passing to the greenish, then to gray claystone. It contains agglutinated benthic
foraminifers of large time-span from Late Cretaceous to early Eocene (e.g. Hanzlíková 1956). From few limy claystone laminas
we identified a nannoplankton assemblage with Discoaster lodoensis Bramlette et Riedel and Tribrachiatus orthostylus Shamray
that identifies the zone NP 12. Though rare but typical trace-fossil is the Paleodictyon sp.
At the northern rim of the Bystrica unit still the bedding is steep, top of the sequence towards the south. Along the creek
runs oblique transform fault zone, deforming and multiplying the sequence. The Beloveža formation usually makes the base of
individual tectonic structural scales. Only where it outcrops we are able to define precisely the margins of the tectonic slices,
where the Bystrica Member crushed-out more plastic Beloveža beds the thrust planes are hardly evidenced due to the lithofacial
uniformness of the unit.

Stop 6.7: Zborov – Klubina; sandstone quarry: Kýčera Member (Zlín Fm.), Rača partial unit; Late Eocene.
Kýčera sandstone is the topmost lithofacial unit of the Rača sequence. It is one of the characteristic members of the
Rača partial tectono-facial unit. It consists of sandstone flysch facies, with local shaly intervals. Practically all the beds are
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greywacky sandstones, mostly medium to fine-grained. Coarse fraction is to encounter on the base of thicker beds. Upper part
of the individual beds contains the flakes of the claystones torn from the bottom of the basin. The erosion- and groove casts are
typical structures on the bottom planes of the beds.
The sandstone / claystone ratio is far higher than 2, except the 5-30 m thick intervals where the dark-gray shaly
mudstones prevail. Such a horizon can be seen in the southern part of the quarry.
The derived transport current pattern is classified as longitudinal - from the east to the west. The thickness of the Kýčera
Member is about 1 km in the area of Rača Hill (NE from here), but diminishing to the WSW. The Kýčera Member to the west
interfingers with Vsetín Member.

Stop 6.8: Čadca – Megonky; sandstone quarry with large sandstone bowls: Submenilite Formation Ciezkowice Sandstone facies; Eocene; Silesian unit.
The Silesian sequence differs from the Magura one substantially. In the Eocene the Ciezkowice sandstone complex
sedimented along the northern slope of the Silesian Cordillera. It was the last significant sandstone sequence following the
Istebná sandstone (see Locality 11). In the quarry Megonky, we may observe massive beds from coarse sandstone to
conglomerate, in thickness from 0.5 to 5 m.
The composition of the conglomerates is quartz, metamorphic shales, gneisses and granitoids. The clasts are
subangular, indicating a short transport from Silesian Cordillera.
A special feature is the diagenetic selective cementation, resulting into the spherical weathering of the sandstones.
Sandstone bowls may attain the diameter up to 2 m.
Different strange amateur interpretations were made on the origin of the bowls – e.g. they are fossilized eggs of the
Dinosauria, or that they are of extraterrestrial origin. The diagenetic genesis can be proved on the bowl at the left side of the
quarry. This sphere runs across the gradational bed with conglomerate at the base and obviously originated after deposition and
lithification of the bed.
Beds in normal position are sloping to the southeast, which is the general situation of this part of the Silesian nappe
(Menčík et al. 1983).

Stop 6.9: Turzovka – Olešná; road-cut: Soláň Formation; Paleocene of Magura unit – sedimentary
disturbances.
A return to marginal part of the Magura nappe will reveal us the frontal fold in the lower units of the Rača sequence that
belong to the Soláň Formation.
Here we encounter the lower flysch unit named the Ráztoky Member. The two facies are distinguished within this
Member: (a) sandstone flysch, which builds the frontal crest of the Magura nappe and (b) thin-bedded sandstone/muddy
claystone intercalation (Pesl et al. 1984, 1987). The Cretaceous/Tertiary boundary was detected in the upper part of Soláň
Formation further to the west by Bubík et al. 1997).
In the eastern slope along the road to Olešná settlement, we can see the part of this „flysch facies“. Few thin layers of
grey, rusty weathered pelocarbonates occur here and there.
The flysch facies consist of the green-gray silty claystones (mudstones) intercalated with thin fine-grained sandstones –
to siltstones. The structure of the bedding is Ta (b) cd – in classical sense of the Bouma division. From the rippled part of the
beds, we inferred the general paleocurrent west-to-east direction.
The thicker sandstone beds intercalated into the flysch facies are of the material, which builds the sandstone facies – the
true Soláň sandstones. They are greywacky-arkosic sandstones with variable amount of the matrix and in addition to quartz,
they contain grains of feldspars, granitic and metamorphic rocks and as diagnostic mineral the biotite. The paleo-transport
direction of these sandstones was from southeast to NNW.
Noteworthy are slumped portions of the sequence, which contains about a meter thick overturned packet of beds. Only
close examination reveals this phenomenon in the middle part of the outcrop. The basin slope direction (inferred from the slumpfold direction) was oriented from northwest to SE.
The sequence in our outcrop is in reversed position inclined to the south, forming a southern wing of the frontal fold.
Folds of several tens/hundreds of meters frequency occur along the Magura overthrust, their axes are divergent to the general
strike of the trust plane.
From here, the terrain seen to the north belongs to the Silesian unit, especially to Submenilite and Istebná Formations.

Stop 6.10: Olešná road-cut: Submenilite formation; Eocene of Silesian unit.
A small cut to the flank aside of the road displays black shaly sequence. The dark gray and khaki silty clays dominate all
over the 500 m of Submenilite Formation. Thin beds of quartz sandstones are dispersed across the formation. The paleocurrent
direction is from south to NNW.
The Submenilite Formation in this region is polyfacial, that means across the time and space it contains various facies
as: a/ green-gray claystones with thin sandstone beds and local red clays up to ten meters thick; b/ dark gray muddy claystones
with sandstones (presented outcrop); c/ peculiar sandstone-conglomerate facies of the Ciezkowice sandstone.
The Submenilite Formation lies all along the zone in front of the Magura nappe. As it is of less resistant to erosion, it
forms a morphological depression named Kornická brázda (after Kornica village). Beds in this zone are generally in monoclinal
south-dipping position, with local disturbation and tectonic folding, which resulted from Magura nappe overthrust.
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Stop 6.11: Vrchpredmier – creek riverbed: Istebná formation; Paleocene; Silesian unit.
The spectacular Istebná sandstone Formation of the Silesian unit forms the frontier mountains in this region. The
formation is at least 1 km thick; consist of coarse to medium grained quartz-arkose sandstones. The beds are closely spaced,
lot of them amalgamated. Shallow channeling features are to be seen mainly in the lower part of the sequence.
Local intercalations of black mudstones are of some cm thick, but also two horizons of several meters are present. On
these a large longitudinal landslides are slip down the valleys.
The formation lies in 15-20 degree sloping to SE forming a flat ramp. This sandstone complex together with the
underlying Godula Formation cropping further to the northwest forms a structural core of the Silesian nappe (Roth 1971).

Resume:
From the edge of the Inner Carpathian block, we crossed the Klippen belt and Magura zone to the upper part of the
Silesian nappe. The structure of the contact of the Outer and Inner Carpathians is complex and cannot be simplified only to the
unique surficial line or plane. The Klippen Belt in its structural sense is a young phenomenon, sharply dissected from the
northern Magura terrain. To the south it is in our sector backthrusted and covers the Inner Carpathian geological units.
The Magura unit is of different siliciclastic material and different genetic origin and we do not join it paleogeographically
to the Klippen zone; only its latest – Neogene history was linked with the formation of the Klippen belt, even that only along its
southernmost rim.

7TH DAY PROGRAMME
O. Krejčí, M. Eliáš, L. Švábenická & P. Martinec

Western Carpathians in the territory of the Czech Republic
Frontal part of the Magura Flysch Zone with the Fore-Magura Unit, the Silesian Unit and the
Ždánice-Subsilesian Unit (Moravo-Silesian Beskydy Mts. and the Podbeskydská
pahorkatina Upland)
Southern part of the Moravo-Silesian Beskydy Mts., i.e. the northern slopes of the border crest with the Slovak Republic,
is built by the Rača Unit of the Magura group of nappes, especially a huge frontal anticlinal belt with the Soláň Formation (Upper
Cretaceous to Paleocene) and its footwall (Lower to Upper Cretaceous). The Magura Flysch is thrust over the Silesian Unit
(Oxfordian to Oligocene). Tectonic footwall of the Silesian Unit includes the Ždánice-Subsilesian Unit. These tectonic units
compose the lower part of the accretionary prism of the Outer West Carpathians, which was thrust over the SE margin of the
North European Platform, i.e. the Cadomian crystalline complex of the Brunovistulicum and its Paleozoic and Neogene
envelope including the Carpathian foredeeps in the Lower and Middle Miocene.
The tectonic contact between the Magura Flysch and the Silesian Unit exposes folded slices of the so-called ForeMagura Unit. These slices are formed by a succession of mostly calcareous claystones with turbidite and fluxoturbidite beds of
Upper Cretaceous to Eocene age and by the Menilite and Krosno formations of Oligocene age. Sediments of the Fore-Magura
Unit are interpreted either as a fill of a small separate basin or rather as a tectonic fragment of sediments of continental slope
and continental rise development from the Magura Basin.
The northern, main ridge of the Moravo-Silesian Beskydy Mts. and a part of their northern foreland, the Podbeskydská
pahorkatina Upland, are formed by the Silesian Unit, which is thrust over the Ždánice-Subsilesian Unit.
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Stop 7.1. Bumbálka parking lot
Panorama of the front of the Magura Flysch Zone and the Silesian Unit in the northern foreland. The parking lot lies on
the Soláň Formation of the frontal anticlinal belt of the Rača Unit (Magura group of nappes), on the boundary crest of the
Moravo-Silesian Beskydy Mts., above the Bílá Creek river basin. Northern slopes of the crest are composed of rocks of the
Rača Unit (Soláň, Gbely and Tesák formations; Lower Cretaceous to Paleocene). These rocks, together with thin tectonic slices
of the Fore-Magura Unit (Upper Cretaceous to Upper Oligocene), are thrust over the Godula development of the Silesian Unit.
At good weather, panorama of the Godula development of the Silesian Unit can be seen in the north. The depression in
the front (Bílá Creek valley, Černá Creek valley in the E) was formed on less resistant sediments (mostly claystones) of the
Rožnov Formation (Paleocene to Upper Eocene). The main ridge of the Moravo-Silesian Beskydy Mts. with its highest peak of
Lysá hora (1323,4 m) is formed by flysch sandstones of the Godula and Istebna formations.

Stop 7.2: Staré Hamry, community of Hutě, S of the Velký potok Creek valley
Silesian Unit, Godula development, lower part of the upper Godula Formation (Santonian to Lower Campanian). Bothsided roadcut shows a sandstone interval several tens of metres thick in the lower part of the upper Godula Member (Santonian
to Lower Campanian) in the Godula Formation – the so-called Velký potok sandstones.
The exposure demonstrates architectures of the distal part of a submarine fan – facies of channels, levees (?) and
overbank deposits. Approx. 2 m deep channels are exposed in the southern part of the western wall, filled with >1 m thick beds
of medium- to coarse-grained subgreywacke to subarkose, upwards passing into claystone beds several centimetres thick
(proximal turbidites dominated by Ta-b,e intervals). Frequent flute casts are present at soles of psammitic beds. Thicker troughlike psammitic beds thin out relatively rapidly laterally, split into a number of beds centimetres to tens of centimetres thick. They
are composed of the prevailing fine- to very fine-grained subgreywackes and build sequences Ta-e with beds of grey to greengrey claystones of similar thicknesses. Soles of turbidites commonly contain different flute casts and ichnofossils. They probably
represent deposits of levees fringing the channels or overbank deposits from the interdistributary areas.
The exposure documents depositional conditions in one part (one lobe) of a separate deep-sea fan, the complex of
which builds the Godula Formation (maximum estimated thickness 3300 m, presumed average sedimentation rate ~ 160–170
mm/1000 years).
As shown by the paleogeographic analysis, the detrital material from this formation, showing medium to low degree of
structural and material maturity, is derived from the so-called Silesian cordillera, a hypothetical elevation separating the Magura
(or Fore-Magura) sedimentary basin in the S from the Silesian basin in the N. Detrital material from this elevation was
transported into the Silesian basin in transverse direction, i.e. from the S to SW. As a result, the system of submarine fans of the
Godula Formation is orientated radially towards NW to NE, with prominent lobes of proximal and distal turbidites reaching out to
the east. Here, these lobes thin out into varied hemipelagic sediments of Upper Cretaceous age, deposited in the central part of
the Silesian Unit depositional area. Lobes of the Godula Formation extending from these fans reach as far as to the E part of the
Polish Carpathians (Bystre Fold).

Stop 7.3: Ostravice - Mazák abandoned quarry
Silesian Unit, Godula development, Godula Formation (lower part), Mazák Member and Ostravice Sandstone
(Cenomanian to Lower Turonian).
Walls of the Mazák Quarry and its N foreland display the lowermost part of the Godula Formation, the so-called Mazák
Member, referred to as the Variegated Godula Member, and lens-shaped sandstone beds of the Ostravice Member.
The Mazák Member gradually evolves from the underlying Lhoty Formation. It is formed by hemipelagites – varicoloured
claystones (red, red-brown, green, chondrite-like spotted) and distal turbidite beds, green-grey quartzose sandstones or silicified
subgreywackes, a few centimetres thick. The sandstones are homogeneous or indistinctly graded. The contents of total iron in
the red claystones fluctuate around 6 %, thus being by some 2 % higher than those in the green-grey or green claystones. The
Fe2O3/FeO ratio equals ~4. The mineral phase responsible for the red coloration has not been determined yet (Eliáš 1970).
Detrital material of the Mazák Member sandstones shows high material and structural maturity. It is derived from the
Silesian cordillera, which was a tectonically stable source area in the Cenomanian and Turonian characterized by intensive
weathering.
Based on the findings from the Polish Carpathians, the Mazák Member is probably of deep marine origin. Those in the
Moravo-Silesian Beskydy Mts., however, contain only rare silicification and – unlike those in the area of Malý Beskyd,
Lanckorona and Myślenice, and others – lack cherts, radiolarites and even distinct manganese nodules. The rate of deposition
of the ca. 300 m thick Mazák Member was slow (ca. 40–45 mm/1000 years), unlike that of the overlying Godula Formation s.s.
The uppermost portion of the Mazák Member hosts the body of Ostravice Sandstone, several tens of metres thick,
absolutely dominated by coarse- to fine-grained subgreywackes to quartzose sandstones and petromictic conglomerates, with
only subordinate black-grey claystones in intervals up to several metres thick. Sandstone beds show simple or multiple grading
and lamination, partly also homogeneous bedding (proximal turbidites, fluxoturbidites - sand flows, grain flows, debris flows) with
scour marks at the base. Some of the beds display signs of interbed erosion and amalgamation. The sandstones contain clasts
of Lower Cretaceous black-grey claystones with variable CaCO3 content, up to 1 m in size. The petromictic conglomerates are
of granule particle size, dominated by quartz pebbles accompanied by pebbles and fragments of limestones of different textural
types, with accessory admixture of black-grey chert, basic effusive rocks, micritic carbonates, sandstones etc.
Rocks of the Ostravice Sandstone are areally restricted to smaller-scale deep-sea fans. According to borehole data, the
Ostravice Sandstone increases in thickness towards the south, i.e., beneath the massif of the Godula Formation s.s., and locally
replaces the Mazák Member. Towards the N or NW, the Ostravice Sandstone thins out, being completely substituted by the
Mazák Member. Its source area lies on the Silesian cordillera.
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Stop 7.4: Ostravice - rapids; Frýdlant tectonic window (southern margin)
Tectonic contact of the Ždánice-Subsilesian Unit with the Silesian Unit.
A gently dipping nappe plane between the Ždánice-Subsilesian Unit and the hangingwall Silesian Unit, represented by
the partial Godula nappe, is exposed in the Ostravice River bed incised into early Holocene gravels at the community of
Ostravice (Fig. 54):
Fig. B.54: Ostravice-rapids. View
of
the
Silezian
nappe
(
Hauterivian, Hradiště Formation)
at the contact with the ŽdániceSubsilezian nappe (Maastrichtian,
Frýdek Formation) on the right
bank of the Ostravice River (from
Roth & Hejcman in Roth, 1968).

The Ždánice-Subsilesian Unit, represented by the middle portion (of Maastrichtian age here) of the Frýdek Formation, is
exposed in the northern part of the outcrop. It is formed by grey silty calcareous claystones with subordinate laminae or thin
beds of white-grey fine- to very fine-grained calcareous subgreywackes.
The base of the Godula nappe of the Silesian Unit is formed by tectonically intensively deformed Těšín-Hradiště
Formation in flysch development, disharmonically folded into chevron folds with vertical to horizontal axial planes. The lower
parts of the turbidites, usually tens of centimetres thick, are composed of blue-grey, medium- to very fine-grained calcareous
subgreywacke passing into grey to black-grey claystones with variable CaCO3 content (distal turbidites with Tb-e and Ta-e
intervals). Bases of subgreywacke beds bear frequent flute casts and sole marks.
The Těšín-Hradiště Formation passes upwards into the Veřovice Formation (Middle to Upper Aptian), exposed in the
right cut-bank of the Ostravice River further upstream, beyond the rapids.

Stop 7.5: Štramberk, the abandoned Quarry Kamenárka on the eastern periphery of the town
Silesian Unit, Baška development, Těšín-Hradiště Formation and Baška Formation (Upper Jurassic to Upper
Cretaceous).
A specific facies of continental rise of the Těšín-Hradiště and Baška formations was deposited on the N margin of the
Baška development of the Silesian Unit, in the foreland of the slope Kelč development, from the latest Jurassic to the Late
Cretaceous. It is formed by block breccias and conglomerates with blocks and pebbles of white-grey to beige limestones of the
Štramberk Limestone and red, red-brown and green limestones of the Kopřivnice Limestone. Limestone blocks come from a
carbonate platform and a reef complex lying on the S margin of the so-called Baška cordillera. This hypothetical elevation was
separating depositional areas of the Silesian Unit and the Ždánice-Subsilesian Unit. Huge slumps and slides redeposited
limestone clasts from the slopes of the Baška cordillera into the Silesian Basin. These gravitites were deposited in the form of
thick and extremely coarse block accumulations restricted to the immediate vicinity of the toe of the basin slope, and in the form
of finer Chlebovice Member conglomerates building isolated beds or groups of beds and reaching also farther to the basinal
facies of the Baška development. The Chlebovice Conglomerate has its equivalents also in the development of continental rise
of the Baška Formation; for example, N slopes of Libhošťská hůrka Hill near Libhošť).
Block accumulations at Štramberk are exposed in a tectonic slice with inverted stratal succession, thrust to the north on
the tectonic slice of the Baška Formation in basinal development or on the Ždánice-Subsilesian Unit. In the Štramberk area,
block accumulations form three major groups of bodies:
Western part of Kotouč Hill. Block accumulations reach a thickness of over 400 m (before their extraction in the Kotouč
Quarry) and show an uninterrupted stratal succession from the uppermost Jurassic (Tithonian) to the Cenomanian to Lower
Turonian. These accumulations in the so-called Kotouč development gradually pass laterally and upwards into different
stratigraphic units of the Těšín-Hradiště Formation. The Kotouč development is dominated by black-grey calcareous claystones,
locally accompanied by beds of the Chlebovice Member conglomerates several centimetres to 1 m thick.
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Massif of the so-called Skalky and Zámecký vrch Hill. Several independent bodies of block accumulations are separated
from one another by sediments of continental rise to basinal successions of the Baška development. These accumulations
include the body of breccia with red and green-grey Kopřivnice Limestone in the so-called Blücher Quarry. This is overlain by
extensive block accumulations with light Štramberk Limestone exposed in the abandoned "Communal Quarries". Southern
slope of Bílá hora Hill. Several smaller slump bodies (e.g., the so-called Váňa Stone), partly passing into the Chlebovice
Member conglomerates.
Beds in the block accumulations are several metres to several tens of metres thick (exceptionally 70 m in Kotouč Hill
massif). Some of the beds are block-supported. Their homogeneous appearance was enhanced by pressure solution, which
resulted in "welding" of blocks together, usually with no cement or matrix. Stylolites are visible on block contacts. In some cases,
however, the block accumulations are cemented by light brown-grey chemogenic calcite, which is considered a product of
pressure solution. The diameter of the individual blocks in the beds markedly fluctuates from several tens of centimetres to
olistoliths tens of metres across. The composition of matrix in the breccias often changes even over short distances and so does
the matrix/clast ratio. Some of these beds show tilloid texture.
The following main components can be found in the block accumulations:
Limestones of the Štramberk type (Tithonian to ?Berriasian): white-grey limestones deposited in different settings of the
carbonate platform and reef complex. Biogenic and sparitic limestones come from the core of the reef (biosparites, intrasparites
and intrabiosparites, a.o.). Limestones of the Kopřivnice type (Berriasian to Valanginian): brown-red and red micrites, clayey
micrites, biomicrites, intrabiomicrites, intramicrites etc. have been reported from the Blücher Quarry. Clasts of black-grey
claystones and calcareous claystones. These sediments are markedly bedded and deformed by slumping. They either form
separate clasts or matrix of tilloid breccias and conglomerates. They are associated with clasts of coarse- to medium-grained
quartzose sandstones, sometimes with glauconite. In the Kotouč Hill massif, the matrix of limestone breccias is sometimes
formed by grey sands, weathering into markedly rusty brown. These sands come from the slope developments of the TěšínHradiště Formation and of the Lhotka and Baška formations.
Clasts of red-brown claystones of the Němetice Formation (Albian to Cenomanian) of the slope Kelč development of the
Silesian Unit.
Clasts with multiple-alternating centimetre-scale beds of bluish grey microsparites and green-grey claystones resembling
peri-platform oozes. Light green and green-grey hemipelagic claystones probably represent autochthonous sediments. They are
deposited in centimetre-scale beds separating breccia beds.
Stratigraphically significant fossils used to date the individual clasts include ammonites and tintinnids (Eliáš – Eliášová,
1984).
Block accumulations ranked within the succession of the Baška development of the Silesian Unit are thrust, together with
their Cretaceous envelope, to the north over the foreland (underlying Bohemian Massif and its Neoidic cover) and rotated due to
sinistral rotational movements by ca. 40° towards the NW and back-thrust over the deposits of the Silesian Unit lying in the W to
NW. They are deformed by numerous faults striking mostly NW–SE and E–W and frequent jointed zones striking N–S.
From paleogeographic viewpoint, the block accumulations form a part of the succession of the continental rise facies of
the Baška development below the hypothetical Baška cordillera. They include slumps, slides, fallen blocks (olistoliths), rarely
also turbidites (especially proximal), the material of which comes - along with the allodapic limestones of the Baška Formation from both the carbonate platform (Malm to Coniacian) and the reef complex (Malm/Lower Cretaceous boundary) on the Baška
cordillera and its slopes. The intervals between gravity flows were characterized by hemipelagite deposition. Redeposition
occurred from the latest Jurassic to the Late Cretaceous. Lateral and vertical transitions of these block accumulations into the
ambient sediments did not confirm the classical idea that they pose tectonic klippen incorporated into the Silesian Unit. The
study of stable isotopes disproved any fossil karstification of the massif of the Štramberk Member limestones in the Lower
Cretaceous.
According to historical sources, the Štramberk Limestone of high technological quality (contents of CaCO3 > 95 %, MgO
< 1 %) has been systematically quarried since the beginning of the 17th century.
The Ždánice-Subsilesian Unit in the Štramberk area is underlain by the Karpatian sediments, covering the post-Variscan
relief modelled in the rocks of the Lower Carboniferous Ostrava Formation. The lower portion of the Karpatian stratal succession
contains basal clastics of favourable aquifer properties, sealed by clays (“Schlieren”). These clastics host small-scale deposits of
natural gas, partly derived from the footwall of the Carpathian nappes and partly accumulated during natural degassing of
Carboniferous coal-bearing strata.
An underground gas storage of Štramberk was installed at average depth of 550 m under the surface in one of these
small, now exploited gas deposits (Příbor–south).

Stop 7.6: Fulnek – Jerlochovice, abandoned sand pit
Carpathian Foredeep, marginal clastics, Lower Badenian Relics of littoral to sublittoral sands of the Lower Badenian
foredeep are exposed in an abandoned sand-pit on the NW periphery of the town of Fulnek (community of Jerlochovice). These
sands fill a pre-Badenian valley incised into greywackes and shales of the Hrádek-Kyjovice Formation of Lower Carboniferous
age. Two upwards-fining successions of grey to brown-grey medium- to fine-grained, calcareous clayey sands crop out in a total
thickness of 20 to 30 m. Sandstone beds (10 to 95 cm thick) are largely homogeneous, only partly laminated. The laminae are
usually straight, rarely undulating.
These beds of clayey sand are separated by 2–7 cm thick beds of dark grey medium- to coarse-grained, massive,
homogeneous calcareous sandstone, weathering into brown-grey or rusty brown. Some of these lithified beds can be traced
across the whole wall (distance of over 25 m); however, most of them are flatly lens-shaped, 2–3 m long. Lower bedding planes
of these beds are generally sharp, sometimes with troughs, gradually passing upwards.
A bar ca. 3 m thick, the strata of which dip north at 25°, enclosed in subhorizontal beds, was visible in the eastern wall of
the sand-pit. These rocks contain littoral to sublittoral foraminifers of Lower Badenian age.
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Stop 7.7: Abandoned quarry at Stará Ves near Bílovec
Culm of the Moravo-Silesian region, Hrádek–Kyjovice Formation, Kyjovice Member, Upper Viséan - lowermost Namurian
A.
The Kyjovice Member of the Hrádek-Kyjovice Formation completes the strata succession of the Culm (Variscan flysch) of
the Moravo-Silesian region. It is followed by paralic molasse of the Upper Silesian Basin. The Kyjovice Member is dominated by
clay (shale), with only occasional presence of zones with local predominance of distal turbidites (Dvořák 1997).
The lower part of the exposed folded complex is formed by an interval of black silty shale to siltstone with pyrite and
fragments of Carboniferous plants. This is followed by an approx. 30 m thick interval dominated by black-grey fine- to mediumgrained greywackes passing into siltstones and shales – distal turbidites with intervals Ta-e. Lower bedding planes of the
greywackes contain numerous flute casts, groove marks and other features indicating influx from the SSE.
Turbidite sequences contain intercalations of carbonatized acid tuffs to tuffites of the same character as the analogous
pyroclastic rocks in the Ostrava Formation of the Upper Silesian Basin.
Frontal wall of the quarry shows one of the most instructive examples of fold-thrust tectonics in the eastern limb of the
Variscan accretionary prism. Notable tectonic elements are asymmetrical flexures of kink-fold type with ESE vergency. They are
accompanied by bedding-parallel dislocations subparallel to the flat limbs of the flexures. Tectonic slickensides, courses of
striae and tectonic lineations associated with bedding-parallel slip indicate tectonic transport to the ESE, almost perpendicular to
the NNE–SSW courses of the fold axes.
The character of the described deformations is determined by the rheological-lithological properties of turbidites with
preferred generation of flexural slip. Folding and thrusting, however, cannot be separated from each other as two superimposed
deformations. Therefore, the observed phenomena result from gradually increasing strain within a single deformational phase
showing progressive development.

8TH DAY PROGRAMME
O. Krejčí, M. Eliáš, L. Švábenická & P. Martinec
Stop 8.1: Landek Hill, Ostrava-Koblov; Nature Reserve “Landek Hill” in the area of the Mining Museum, the
Anselm Mine.
Upper Silesian Unit, typical lithotypes and tectonic style of the lower Ostrava Formation; uppermost part of the Petřkovice
Member, lowermost part of the Hrušov Member (lower part of Namurian A; Pendleian). History of man, first utilization of hard
coal. History of coal mining in the Czech part of the Upper Silesian Basin.
Outcrop series on the SE slope of Landek Hill along the Odra River. The rocks are strongly weathered. The locality lies
on the southwestern margin of the Petřkovice Block, which, from a tectonic point of view, is characterised by intensive faulting
(normal and reverse faults) and folding (inclined to overturned folds with pronounced eastern vergency). The fold structure is
typical of narrow anticlinal zones alternating with wide, flat synclines. Similar features can be observed at the Landek locality.
The Ostrava Formation starts with the Petřkovice Member that extends from the top of the Štúr group of marine horizons to the
top of the well-known petrographic marker horizon of the Ostrava Formation, the so-called main Ostrava whetstone. The Štúr
group is underlain by the Kyjovice Member – the uppermost part of the non-productive Carboniferous sequence. The Ostrava
Formation is dominated by fine-grained sediments. The Petřkovice Member contains about 30 continuously or locally mined
seams with a total thickness of coal mass of about 21 m. The total thickness of the Petřkovice Member in the Landek area is
about 690 m, with a coal-bearing capacity of 3.3 %. The uppermost section of the Petřkovice Member at this locality contains 8
to 12 cycles, some of which have locally mineable seams with a thickness of more than 0.5 m. Some of the important accessible
horizons are the marine horizon of the Naneta Seam (faunal horizon IX) and the main whetstone (tuffogenic) horizon.
Outcrops near the gate of the Anselm Mine in the Mining Museum area show good examples of typical coal cyclothems
with coal seams. Some parts of meso- and mega- cycles, which are characteristic for the paralic sedimentation in the Ostrava
Formation, are present in the northern continuation of the outcrops.
The average thickness of coal cyclothems is ca. 5–20 m. Their origin was controlled by climatic changes. Several cycles
are united into higher-order units, which are denoted as the mesocyclec. The average thickness of mesocycles is about 100 m.
Their formation was governed by a combination of climatic and tectonic effects. Two or three mesocycles unite into a higherorder megacycle. The lower boundaries of the megacycles are marked by the onset of marine regression. The upper boundaries
are indicated by subsequent marine transgressions with sediments containing marine or brackish faunas. These megacycles
were formed under epeirogenic influence, maybe in combination with long-term Carboniferous climatic oscillation.
The Naneta faunal horizon in the outcrops consists of shallow marine sediments with fauna alternating with brackish
sediments with Lingula and continental lacustrine and fluvial sedimentation. This alternation is typical for all faunal horizons
representing marine transgressions in the Ostrava Formation.
The base of the marine claystone sedimentation of the Naneta faunal horizon in the western part of the basin is formed
by tabular sandstone bodies. The sandstone bodies are 0.2 to ca. 1.5 m thick, massive, with oblique lamination at the base of
the bed. The sandstones were deposited in distal delta-front and prodelta (frequent shallower prodelta) settings, with deep
erosion of the underlying sediments and a tectonic deformation at the base. Total thickness of this basal interval is several
meters to ca. 30 m.
Marine sediments of the Naneta faunal horizon show a sharp onset, being represented by dark grey and black-grey,
finely micaceous claystones with conchoidal fracture. Typical faunal remains are pelecypods Anthraconeilla oblongum,
Polidevcia sharmani, Phestia bellicostata and common genera Janeia, Solenomorpha and Sanguinolites. From mineralogical
point of view the marine horizons differs in relatively higher proportion of illite, which always prevails over kaolinite.
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The top of the marine succession at this locality is formed by laminated, dark, fine siltstones to silty claystones regularly
alternating with light sandy siltstones. Thicknesses of laminae gradually decrease from base to top. The top of the Naneta
horizon is formed by thin bands of fine-grained sandstones (5 to ca. 25 cm thick) and sandy siltstones. Further sedimentation is
paralic (coastal-plain setting) with thin coal seams. This paralic facies at top of the Naneta faunal horizon hosts the Ostrava
main whetstone horizon.
The Ostrava main whetstone horizon is considered to be a product of synsedimentary explosive extrabasinal volcanism
in the Variscan collisional zone. It is whitish-grey (easy to dig, or very hard when highly silicified) tuffaceous sediment –
claystone or siltstone, rich in quartz and illite-carbonate components, redeposited as argillized sediment into very shallow
depression over the whole western part of the Upper Silesian Basin. Average thickness of the Ostrava Main whetstone is 2–7 m,
max. thickness is 13 m. It is, therefore, an important horizon for correlation in the western part of the Upper Silesian Basin,
between its southern and northern parts. At this locality, this horizon is underlain by a thin coal seam. Its base is formed by a
thin bed with IM-structure and an ochre bed rich in Fe-dolomite. The horizon shows typical structures, with very frequent
bioturbation by Stigmaria roots.
The Karel seam, the first main seam of the Hrušov Member, is developed 25 to 30 m above the main whetstone horizon.
It contains a thin bed of carbonaceous tonstein (about 2 cm thick), which is kaolinized acid volcanic ash. This parting is very
extensive laterally, and is used to identify the Karel seam in the newly worked coalfields in the southwestern part of the
Ostrava–Karviná district.
The Hrušov Member contains 2 megacycles and is therefore divided into the lower and upper parts. The lower Hrušov
Member, the lowermost part of which is exposed at Landek Hill, has a total thickness of about 400 m, contains about 17–23 coal
seams with a total thickness of coal mass of approximately 10 m, and a coal bearing capacity of 3.2 %.
This locality is one of the very few and important Upper Carboniferous (Namurian) localities in the Czech Republic. The
Upper Carboniferous strata have been studied since the end of the 18th century. Local coal was even used by hunters in the
Paleolithic Period (the Kostienki-Willensdorf culture (Gravettian: the ages of 20,790 (270) years BP and 23,370 (160) years BP).
The collections of decorative and artistic objects known from the earlier Pavlonian (Předmostí, Dolní Věstonice) were replaced
by sporadic statuettes of women ("Venus") only in this phase of settlement, as found at Willendorf, Moravany and Landek. A
nice statue of hematite Venus was found at this locality.
The history of coal mining at this locality is long: coal mining started in near-surface galleries (1782 – Juliana and
Vilemina galleries) in the late 18th century and boomed in the early 19th century (many galleries were opened in 1805–1835).
Deep mining started in the Anselm Mine in 1830 and continued until the 1990s. The Anselm Mine is now restored as the Mining
Museum with a display of historical mining technology in the Ostrava–Karviná mine region (southern part of the Upper Silesian
Basin). In addition, other institutions in the mining region possess some of the most important Carboniferous collections in
Europe: Ostrava Municipal Museum, Geological Collections of Carboniferous coals and rocks at VŠB–Technical University at
Ostrava-Poruba and geological collections of the Silesian Museum in Opava.
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POST CONGRESS EXCURSION C
J. Vozár, Gy. Less, S. Kovács, S. Józsa, A. Vozárová, J. Mello, J. Ivanička, J. Janočko, M. Polák, P. Liščák,
P. Wagner, N. Oszczypko, D. Poprawa, K. Birkenmajer, M. Krobicki, S. Porębski, L. Dosztály, P. Pelikán, Cs. Péró,
J. Golonka, I. Broska, W. Frank, J. Hók, J. Kráľ, J. Soták, M. Kohút, M. Potfaj, Ľ. Sliva, M. Rakús, J. Chowaniec,
K. Witek & W. Zuchiewicz

1ST DAY PROGRAMME
L. Dosztály, S. Józsa, S. Kovács, Gy. Less, P. Pelikán & Cs. Péró

North-East Hungary
General charakteristics
In this field trip we try to show the most important Paleo-Mesozoic units in North-east Hungary, the Darnó Hill, the Bükk, Szendrő and
Aggtelek-Rudabánya Mts. The track of the field trip with stops and the overnight is shown in Fig. C.1. Main structural units are displayed in Fig.
th
C.2. Hungarian part of excursion guide to 17 Congress of CBGA was sponsored by the National Scientific Fund of Hungary (OTKA, grants T
23880, 32370, 37595).

Fig. C.1: The track of the NE Hungarian field-trip with stops and overnight.

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

Fig. C.2: Structural units in NE Hungary with vergence directions of the nappes. 1–4: Bükk Mts and Darnó Hill: 1. Szarvaskő and Darnó Opholite
Complexes; 2. Jurassic formations of the Bükk Parautochthon Unit; 3. Triassic formations of the Bükk PA Unit; 4. Upper Paleozoic formations of the Bükk
DPA Unit; 5–6: Szendrő Unit: 5. Abod Subunit; 6. Rakaca Subunit; 7–9: Uppony Subunit; 7. Tapolcsány Subunit; 8. Lázbérc Subunit; 9. Upper Ctretaceous
Gosau-type conglomerates; 10–12: Aggtelek–Rudabánya Mts: 10. Aggtelek Unit. s.l.; 11. Bódva (+Szőlősardó Unit); 12. Martonyi (or Torna s.s.) Unit; 13.
Bódva Valley Ophiolite Complex (in boreholes); 14. Upper Jurassic(?) rhyolites; 15. structural vergences (after HAAS & KOVÁCS 2001).

105

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

106

Darnó Complex
The Darnó Complex has been explored by four boreholes in the Darnó Hill area, each of them 1200m deep and with continuous coring:
Rm-131, Rm-135, Rm-136 and Sirok-1 (Figs. C.3, C.4, C.5). They revealed, that the complex is built up by an upper, magmatic unit and a lower,
sedimentary one.
The upper unit consists predominantly of pillow and massive basalts (in up to 100 m thick horizons in boreholes Rm-131 and Rm-136)
and subordinately of abyssal sediments penetrated in a few to max. tens of metres thickness: red radiolarites and mudstones, as well as bluish
grey siliceous mudstones. Red radiolarites yielded alternatively Triassic (Ladinian–Carnian) or Jurassic (Bathonian--Callovian) radiolarians in
the different horizons, whereas bluish grey silicites only Jurassic (Callovian) ones. The borehole Rm-135 explored also intrusive rocks (gabbros,
microgabbros) in several hundred metres virtual thickness. Geochemically, these magmatic rocks are of MORB, with high Ti-content. In contrast
to radiolarian biochronology, K-Ar radiometric dating did not provide unambiguous results. Gabbros yielded Middle Jurassic (175-165 Ma) ages,
which can be regarded as the age of crystallization; however, a younger tectonothermal event is also shown by a peak at 140 Ma. Basalts
showed the age of a Middle Cretaceous tectonothermal event (110-95 Ma; ÁRVA-SÓS
& JÓZSA 1992, DOSZTÁLY & JÓZSA 1992). Macroscopically, basalts are of two types.
Amygdaloidal basalts, rich in pink and white calcite amygdals, as well as containing
pink and reddish lime mud inclusions and inter-pillow void fillings, can be considered
as early rift-type and as of Triassic age. These are often red or reddish colour, but
can be green, as well. Basalts lacking calcite amygdals and lime mud inclusions are
green or greenish grey coloured and appear similar to those of the Szarvaskő
Complex. These can be of Jurassic age. Ultramafic rocks are not preserved, but
former presence of a higher, ultramafic sheet (which are usual in the accretionary
complexes of the Inner Dinarides – Inner Hellenides) is indicated by serpentinite
grains in the Lower Miocene Darnó Conglomerate and Pétervására Sandstone in the
northern vicinity of the Darnó area (SZTANÓ & JÓZSA 1996).
The lower, sedimentary unit represents a lower slope and toe-of-slope
setting, with three types of sediments transported by different types of gravity flows:
– Dark grey shales and bluish grey siliceous shales; in some horizons these
appear as the “autochthonous” sediment, but in others have thin bedded, distal
turbiditic character.
– Carbonate turbidites, often of fine laminated, distal character. These are of
two types: grey, marly, micritic limestone (Oldal-völgy type of SW Bükk Mts.), as well
as light grey, oolitic-bioclastic limestone (Bükkzsérc-type of the SW Bükk Mts.). Dark
grey to black chert layers or lenses may occur. Renewed sediment movements
subsequent to the settling of turbidites resulted in slump structures, or, in more
advanced stage, debris flows (“microolistostromes”). In the latters, limestone
lithoclasts float in shale or siliceous shale matrix.
In certain horizons a different type of debris flow deposits
(“microolistostromes”) occur, with cm-sized micaceous sandstone lithoclasts and
similarly with shale – siliceous shale matrix. Of interest is the occurrence of plutonic
(granite) and extrusive (dacite–rhyolite and andesite) rock fragments, which may
derive from a magmatic arc (B. ÁRGYELÁN & GULÁCSI 1997); however, their age is not
Fig. C.3: Legend to the Drilling core section RM-131 (Fig. C.4.)
yet determined.
and RM-136 (Fig. C.5.).
Triassic deep water sediments (Bódvalenke-type, reddish-whitish siliceous
limestones with red cherts) associated with reddish, amygdaloidal basalts occur as
slide blocks (olistothrymmata) in the lower unit. The red cherts yielded Ladinian–Carnian radiolarians (DOSZTÁLY & JÓZSA 1992, DOSZTÁLY
1994). A similar block, entirely exotic to the parautochtonous Triassic sequence of the Bükk, is known in the central part of the Southern Bükk
Mts. at locality Kavicsos-kilátó (see in Less, below). About 900m below the surface, the borehole Rm 136 penetrated a block of fossiliferous
Upper Permian Nagyvisnyó Limestone and evaporitic Middle Permian Szentlélek Fm. According to the present authors, it also represents a slide
block (olistothrymma), whereas according to Csontos (pers. comm.) it forms part of the parautochtonous sequence of the Bükk. However, a
surface occurrence of such a fossiliferous, black Upper Permian limestone block is known about 250m from the location of the borehole (FÜLÖP
1994).
This lower unit, both in its facies and composition, can be regarded as an equivalent of the Mónosbél Unit of the SW Bükk Mts., the
tectonic position of which (nappe or not?) is disputed (see in Less, below).
Magmatic rocks of the Darnó Complex were affected only by ocean floor hydrothermal metamorphism (SADEK ET AL. 1996). However,
the conspiciously strong shearing of the pelitic and siliceous sediments should be noted and requires detailed investigations to determine the
pressure conditions.

The problem of “Meliaticum” in the Bükk Mts. and Darnó Hill areas
BALOGH’S (1964) concept of “Ladinicum” with gradually S-ward deepening tendency from the Wetterstein carbonate platform of the
Slovak Karst and Aggtelek Karst areas to shales and radiolarites of the Southern Bükk Mts. (at that time of supposed Ladinian age) determined
paleogeographic and paleotectonic models about NE Hungary for several decades. Earliest paleotectonic models in SE Slovakia, proposed
when the Triassic age of (part of) the Meliata type section was proven, supposed the origin of the “South Gemeric” nappe system from a
northerly lying root zone, from the so-called Lubenik fan (KOZUR & MOCK 1973, ANDRUSOV 1975, MOCK 1978, 1980). These were in accordance
with Balogh’s views. The first palinspastic section presented in terms of plate tectonics suggested a Rudabánya/Meliata (partly oceanic) basin
between the northern “Silicic” and the southern “Bükkian” continental margins (KOVÁCS 1983). Paleogeographic and paleotectonic models
elaborated in course of the geological mapping of the Geological Institute of Hungary (GRILL ET AL. 1984, KOVÁCS 1984, BALOGH ET AL. 1984 and
later contributions) and, with some differences, by KOZUR 1991, all accounted with a single, narrow oceanic basin between the mentioned
continental margins. Detailed structural geological and deep seismic investigations across the contact zone of the Gemer Paleozoic and Slovak
Karst Mesozoic (NEUBAUER ET AL. 1996, PLAŠIENKA ET AL. 1997, VOZÁROVÁ & VOZÁR 1997, MELLO ET AL. 1997) revealed north-vergent structures
and northward transport directions, at least from the Late Cretaceous (90-80Ma) onward. Based on these observations, a southern origin of the
Silica Nappe s.s. of the Slovak Karst and its original southerly setting in respect to the Gemeric ophiolites was suggested (see references cited),
which was in apparent contradiction with previously proposed models based on facial arguments.
Nevertheless, by now it is clear, that previously published “zip-like” paleotectonic models for the Gemer—Bükk units are oversimplified
and cannot describe the complex sedimentary-stratigraphic and structural pattern. The Darnó—Szarvaskő ophiolite complexes of the Bükkian
area are involved into a S-vergent, Dinaridic nappe system (CSONTOS 1988, 1999), whereas the Gemeric ophiolites into a N-vergent,
Austroalpine nappe system. They originated from different parts of the Early Mesozoic Tethys NW-end, the former ones having been obducted
onto the Apulian—Dinaridic margin, whereas the latters (probably) onto the European Austropalpine margin. For these reasons, although they
both represent oceanic remnants and are facially similar, they cannot be regarded as belonging to the same tectonostratigraphic unit, especially
because of clearly different structural criteria.
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Fig. C.4: Drill core section of the borehole Rm-131 (Recsk deep level No. 131).
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Fig. C.5: Drill core section of the borehole Rm-136 (Recsk deep level No. 136).

Therefore the Bükkian ophiolites cannot be anymore assigned to the to the “Meliata” tectonostratigraphic unit (c.f. HAAS & KOVÁCS
2001), which term has rather been understood to the Gemeric ophiolites (see references cited from Slovakia above), although the latters could
be much better defined by the locality near Jaklovce, regarding both their composition and structural setting (c.f. MOCK ET AL. 1998).
The accretionary complexes of Szarvaskő and Darnó (Fig. C.6) show a close correlation with the western zone of Inner Dinaridic
ophiolites, with the Dinaridic Ophiolite Belt (DIMITRIJEVIC ET AL. 1999 and in press) and especially with the Inner Hellenidic Othrys and North
Pindos ophiolite complexes (MIGIROS ET AL., in prep.), and can be regarded as a small fragment of them displaced along the Mid-Hungarian or
Zagreb–Zemplín zone (c.f. HAAS ET AL. 2000, PAMIC 2000). In fact, KOZUR & MOCK 1997 proposed already a model with two separate oceanic
basins for the Gemer—Bükk units, although their suggested suture zones are disputed (PLAŠIENKA ET AL. 1997).

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

109

Fig. C.6: Structural scheme of the Bükk Composite Unit
(Bükk "Parautochthon", Szarvaskő and Darnó Units (after
HAAS & KOVÁCS 2001).

An important difference between the associated sedimentary complexes is the abundance of upper Middle Jurassic - ?lower Upper Jurassic
platform-derived carbonate turbidites (ooidal Bükkzsérc limestones) in the lower (Mónosbél) unit of both the Darnó and Szarvaskő Complexes
(PELIKÁN & DOSZTÁLY 2000, DIMITRIJEVIC ET AL. in press), which are missing in the Gemeric ophiolite complexes (Mello, pers. comm.). As coeval
carbonate platforms are unknown in the in the whole Jurassic of the surrounding ALCAPA and Tisia terranes, their source area could be only
the Outer Dinaridic Carbonate Platform (c.f PAMIC 2000 and references therein).

Stop 1.1: Recsk village, Darnó Hill, Nagy-Réz-oldal
Location: North-western flank of the Darnó Hill, large abandoned quarry N of the Sirok-Recsk highway, just as the hill ends.
The quarry exposes a large, green pillow basalt block of the upper unit of the Darnó Complex. The block is in overturned position within
the accretionary prism, as shown by the orientation of pillows.
Calcite amygdals and lime mud inclusions (which are common for one type of basalts exposed by the deep drillings with continuous
coring) are practically lacking in this block. Macroscopically it rather resembles pillow basalts of the Szarvaskő Unit, which are of proven
Jurassic age. Therefore a Jurassic age for this type of basalts (also in the drill core sections) seems more likely, than a Triassic one.
On the left margin of the quarry, a small block of reddish–greenish amygdaloidal basalt is exposed, associated with sheared, dark grey
to black, locally also dark violet, partly siliceous shales and siltstones. The basalt contains pink to light red limestone inclusions, which have
been incorporated into the lava flow still in unlithified, muddy stage and show thermal contact. The effusion of evidently took place into a regime
with calcareous mud sedimentation. Therefore this type of basalt (also in the drill core sections) can be considered as of early rift type and with
a high certainty as of Triassic age.
Texture of basalts from the middle part of Nagy-rézoldal ranges from ophitic-subophitic (in the middle of pillows) to variolitic (on the
selvage of pillows). The 1 cm thick originally glassy chilled margin is totally chloritized. Small, euhedral chlorite-serpentinite pseudomorphs after
olivine are rare. The course grained inner pillow consists mainly of firstly (after olivine) crystallized non-oriented plagioclase laths, and secondly
chrysalides ague between them. This crystallization order is characteristic for the high-Ti ophiolites. These basalts geochemically show clearly
Mid Ocean Ridge Basalt affinities.
Amygdaloidal, probably Triassic basalt at the northeastern part of Nagy-rézoldal quarry is petrographically different, it contains more
albitized plagioclase and the mainly calcitic alteration is very strong. Geochemical data are very dispersed, so the exact determination of the
genetical affiliation was not possible.
K/Ar radiometric data for two basalt samples of the central part of Nagy-rézoldal quarry gave 76.6 and 110.6 Ma, which are clearly
determined by secondary thermal events.

Stop 1.2: Recsk village, Darnó Hill, Dalla-puszta
Location: The exposure is a small, abandoned quarry on the southern slope of the Darnó Hill, 100 m to the N of the highway between
Recsk and Sirok. The reddish outcrop is well visible from the road.
The outcrop is the type profile of Darnó Radiolarite Formation represented here by dark red, well-bedded radiolarites. Between these 57 cm thick beds platy clay layers (of some mm thickness) can be found. The texture of the rock is carbonate-free radiolarian biomicrite,
wackestone. There are no traces of organisms with carbonate skeletal elements (not even silicified ones). This indicates a sedimentary
environment below the carbonate compensation level. The original sediment must have been radiolarian ooze with minimal amount of
terrigenous red clay influx. The sediments are not touched by regional metamorphism and are not deformed, either.
DE WEVER (1984) and DOSZTÁLY (1989) described a rich radiolarian assemblage from this outcrop indicating the upper part of the
Ladinian (both Middle and Upper Longobardian). However, from deep boreholes drilled in the Darnó Hill similar red radiolarites associated also
with basalts show not only Ladinian (and sometimes Carnian) but also Bathonian-Callovian age.

Bükk Mountains
This review is a brief summary of the geological mapping of the Bükk Mts. executed by Pál Pelikán, Zoltán Gyulácsy and the present
authors and finished in 2000 in the Geological Institute of Hungary. Beside it, the works of several generations (SCHRÉTER 1943, BALOGH 1964,
BALLA 1983, FÜLÖP 1994, CSONTOS 1999, 2000, VELLEDITS 1999, 2000) are also used.
The Bükk Mts. lying in NE Hungary is surrounded from SW, SE and NE by young basins below, which Bükkian rocks and their
structures can be followed. From NW, however, it is bordered by the Darnó zone of sinistral strike-slip character active till the middle of the
Miocene. The Paleo-Mesozoic of the Bükk is of Dinaric affinity (see PROTIC ET AL. 2000, FILIPOVIC ET AL. in press; DIMITRIJEVIC ET AL., in press for
detailed correlation). According to the character of Tertiary rocks and their structures, the Bükk occupied its recent position only in the latest
Oligocene and Early Miocene.
Rocks and their structures of the Bükk itself can be grouped into three tectonostratigraphic units in superposition. The lowest one is built
up by intensively folded and imbricated Middle Carboniferous to Upper Jurassic rocks having suffered in most part anchi- to epizonal
metamorphism. The structures are mostly of southern vergence. The existence of regional overthrusts (nappes) that could subdivide the Bükk
into a parautochtonous sequence and to the Szarvaskő-Mónosbél nappe system in the SW Bükk (BALLA 1983, CSONTOS 1999, 2000) is recently
the subject of heavy disputes because no mapping evidences could be found to put their boundary in the field. A smaller, intra-Bükkian
overthrust system called Kisfennsík nappe system can be found in the N Bükk. It is built up from three partial nappes in superposition, i.e. the
Harica Valley, Magoskő and Örvénykő nappes (their description – though using partly different conception and names - can be found in FORIÁN
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ET AL. 2001). The middle unit lying with angular unconformity on the lower one is built up by non-metamorphosed Buda-type Paleogene rocks.
Neogene rocks lying also with angular unconformity on the lower and middle units (dipping with only 2 to 5°) form the upper unit.
The stratigraphic sequence of the Bükk Mts. starts with a Bashkirian to Lower Moscovian flyschoid sequence (Szilvásvárad Formation).
It is followed by the Upper Moscovian to Gzhelian (maybe also Asselian) shallow-water carbonate–clastic sequence of the Mályinka Formation,
very rich in fossils (fusulinids, calcareous algae, corals, brachiopods, etc). These two formations correspond to the Hochwipfel Flysch and
Auernig Group of the Carnic Alps (EBNER ET AL. 1991, but correlatives are present in the Dinarides, as well: PROTIC ET AL. 2000, FILIPOVIC ET AL.
in press). They close the Hercynian sedimentary-tectonic cycle. After this regression the Alpine cycle starts with continental (variegated
sandstone) then hypersaline lagoonal beds (evaporites, dolomites and chloritic clays) of the Middle Permian Szentlélek Formation. Beside the
hiatus locally a very small angular unconformity can also be observed on its base. The Paleozoic is terminated by the Upper Permian black algal
(Mizzia, Vermiporella, Gymnocodium, Permocalculus) limestones (Nagyvisnyó Limestone corresponding to “Bellerophon Kalk”).
One of the peculiarities of the Bükk Mts. is the continuous transition between Permian and Triassic in shallow marine carbonate
conditions: the Lowermost Triassic is represented by the light-coloured, whitish-brownish, oolitic Gerennavár Limestone. The rest of the Lower
Triassic is made up by the alternation of shallow marine siliciclastic and carbonate rocks (Ablakoskővölgy Formation). After the termination of
the siliciclastic input, the Anisian starts with grey Hámor Dolomite representing partly restricted inner platform. Local paleosoils (Sebesvíz
Conglomerate) in its top mark a short-term emersion (VELLEDITS 1999) at about the Anisian-Ladinian boundary. They are followed by andesitic
and dacitic lavas and tuffs of the Szentistvánhegy Metaandesite having deposited mostly in marine conditions. During the Ladinian and Late
Triassic the sedimentation took place in an outer shelf environment with carbonate platforms (massive, light grey Fehérkő and Bükkfennsík
Limestones) and intraplatfom basins (grey, cherty Felsőtárkány Limestone). Upwards this latter occupied ever more place simultaneously with
the platforms having got drowned. Pinkish and drab, sometimes crinoidal Répáshuta Limestone marks their transition. The carbonate
sedimentation is interrupted in the Middle Carnian by a clastic event in the N Bükk (Vesszős Shale) and quasi-simultaneously by basaltic
volcanism in the S Bükk (Szinva Metabasalt).
Very little is known about the Liassic and Early Doggerian sedimentation in the Bükk, maybe red crinoidal limestones of the Bánya-hegy
section (Stop 4, layer 2) represent this time-span. The first, biostratigraphically proven Jurassic sediment is the red and green, BathonianOxfordian Bányahegy Radiolarite representing under-CCD conditions for this period. The radiolarite locally contains huge olistoliths of the
Bükkfennsík and Répáshuta Limestones and is followed by carbonate-free dark shales with some turbiditic sandstones (Lökvölgy Shale).
According to BALLA (1983) and CSONTOS (1999, 2000), the parautochtonous sequence of the Bükk terminates with this shale and all the
Mesozoic rocks in geometrically higher position belong already to the Szarvaskő-Mónosbél nappe system. Since biostratigraphic data are very
erratic we are relying upon our mapping experiences showing quasi-continuous transition from carbonate-free black shales belonging to the
parautochtonous sequence into black shales with limy intercalations marking already the nappe system in Csontos’s interpretation. Moreover,
Jurassic basic rocks (Szarvaskő Basalt and Tardos Gabbro) most characteristic for the nappe system are in thermal contact with shales
belonging to both the parautochtonous and the nappe system. On the other hand, the chemism of basic rocks is much closer to the tholeitic than
to the within-plate field (KUBOVICS ET AL., 1990) and not any contact of the basic rocks with the Triassic carbonates having deposited on
continental crust is known so far. These arguments strengthen the CSONTOS (1999, 2000) interpretation.
Independently from these different views the uppermost part of the Bükkian Jurassic is built up by the Mónosbél Olistostrome in whose
black shaly matrix different limy and radiolaritic intercalations and olistoliths take place. The above mentioned basic rocks are intruded mostly
into them. The final known member of the whole Jurassic sequence is the Bükkzsérc Limestone representing deep-water carbonate turbidites
(shales and cherty limestones) with a huge amount of resedimented ooliths (having originated from a nearby carbonate platform) and containing
Protopeneroplis striata Weynschenk (Bajocian–Oxfordian, BÉRCZI-MAKK 1999) and radiolarian cherts of Bathonian–Callovian age (PELIKÁN &
DOSZTÁLY, 2000). Other type is the Oldal-völgy type calcareous turbidites lacking platform elements.
A peculiar single olistolith of about only 10 m diameter containing basalt, red chert and Carnian Hallstatt Limestone resedimented into
the Mónosbél Olistostrome in the Kavicsos-kilátó near Felsőtárkány indicates that the Paleo-Mesozoic sequence of the Bükk started to be
overthrusted by the Darnó Complex, as similar slide blocks are present in the lower unit of the Darnó Complex (see above). This process might
have started at about the Jurassic/Cretaceous boundary. All the known part of the Bükk was very probably buried during the whole Cretaceous,
Paleocene and most part of the Eocene that caused the anchi- to epizonal metamorphism (350 °C and 3 kbar according to unpublished data by
P. Árkai; 200-300 °C according to DUNKL ET AL. 1994) and also its ductile deformations in at least two phases (one of N-S and the other of E-W
compression in recent co-ordinates). These latter finished about 80 million years ago (DUNKL ET AL. 1994).
The Paleo-Mesozoic sequence of the Bükk with its structures exhumed at least until the Late Eocene. Superficial, most probably
gravitational intra-Bükkian nappes of the Kisfennsík nappe system might have formed during the process of exhumation. After a short period in
dry-land conditions represented by red clays having deposited in local depressions (Kosd Formation), the first marine transgression reached the
southern and north-eastern peripheral parts of the Bükk only in the Late Priabonian (LESS ET AL. 2000). Shallow marine nummulitic Szépvölgy
Limestone of this period is followed by typical Oligocene sediments (Buda Marl, Tard Clay, Kiscell Clay and finally the regressive Eger
Formation) of the newly formed, coolish Central Paratethys. More details about them can be found in BÁLDI (1986). However, the very central
part of the Bükk remained very probably uncovered during the whole Paleogene because abrasional Upper Chattian sediments lying directly on
the Mesozoic have been found in the N Bükk (LESS 1991, 1999, BÁLDI ET AL. 1999). This contradicts to the data of DUNKL ET AL. (1994)
assuming a 600-1200 m thick Paleogene cover over the whole Bükk.
Anyway, the Bükk once again emerged from the very end of the Oligocene and remained dry-land during the Early Miocene. One part of
the mountains was intensively karstified whereas other parts served as erosional areas for the neighbouring basins N of the Bükk. This is also
the period of the arrival of the mountain into its recent place. An important volcanic activity of three phases started in the Ottnangian (=Late
Burdigalian) with the lower, Gyulakeszi Rhyolite Tuff followed by the middle, Tar Dacite Tuff of the Karpathian/Badenian (=Burdigalian/Langhian)
boundary and terminated with the upper, Galgavölgy Rhyolite Tuff of Sarmatian (=Upper Serravallian) age. These three horizons of tuffs are
well outcropped in the S Bükk and have been deposited mostly in dry-land conditions. The centre of the volcanic activity was located to the S of
the Bükk. For more details see SZAKÁCS ET AL. (1998), PÓKA ET AL. (1998) and MÁRTON & PÉCSKAY (1998). Based on paleomagnetic and stressfield data extracted from the three different tuff horizons MÁRTON & FODOR (1995) demonstrated the history of rotation during the Miocene. The
lower tuff shows still a 70-80° counter-clockwise rotation while it is only 30-40° in the middle horizon and finally no rotation could be detected
from the upper horizon. Meanwhile some small remnants of Middle Miocene sands in the Central Bükk and also shark teeth from this time-span
found in one cave of the karstic plateau of the High Bükk indicate that the marine transgression reached and covered the whole mountain in this
time. This is in accord with the DUNKL ET AL. (1994) fission track data, too. They indicate that the Miocene burial reached or exceeded 1 km. The
final, very rapid emersion started 2-3 million years ago and caused the erosion of most of the young sediments.

Stop 1.3: Felsőtárkány, Lök-völgy, road-cut at the 15.0 km-mark of the Eger-Miskolc highway
The outcrop is the key-section of the Lökvölgy Shale, one of the highest lithostratigraphic units of the Bükkian Mesozoic. It belongs
surely to the parautochtonous sequence of the Bükk (deposited on continental crust) with stratigraphic contact to the underlying Bányahegy
Radiolarite of Callovian-Oxfordian age. These radiolarites are lying directly on different Upper Triassic limestones (of both pelagic and carbonate
platform facies). Despite lacking direct proof, the Lökvölgy Shale is thought to be of Upper Jurassic age based upon radiolarian data coming
from the underlying beds.
Black shale used for roofing can be seen in the outcrop. It is thin-bedded and consists of fine, often graded sandstone layers and blackgrey siltstone beds. The predominant minerals are quartz (30-60%), illyte (20-35%), chlorite (22-36%), plagioclase (3-10%) and very little calcite.
The illyte crystallinity index (IC) measured in rock samples indicates a low to moderate temperature range of anchizonal metamorphism. In
some beds undeterminable radiolarians can be found. At about the middle of the outcrop some small conglomerate levels with limestone,
radiolarite and shale pebbles can be seen. Sediments seem to have been accumulated at the base of the continental slope, some portions
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having undergone redeposition several times. Such a suggestion is supported by the turbiditic features as well as by the radiolarite detritus
grains. The presence of a high amount of radiolarians also indicates the deepwater origin of the sediments.
In accordance with structural criteria, the grading shows younging southward. Schistozity is very characteristic in the shales. The most
apparent cleavage is the second one. Nice refraction phenomena are seen in sandstone layers. South-vergent shears can also be seen. The
layers form a bigger, south-vergent anticline.

Stop 1.4: Répáshuta, Bánya-hegy, road-cut along the Eger-Miskolc highway, just to the S of the road-cross
with the local road leading to the High Plateau of the Bükk Mts.
Because of the two contradictory interpretations of the section (see later) first we simply list and describe different lithologic units
according to RIEDEL ET AL. (1988) starting from NW and upwards and finishing at the south-eastern end of the outcrop. The rocks, according to
their illyte crystallinity (IC = 0.25 Θ) are metamorphosed in anchi/epizonal degree.
Light-coloured, massive reef limestone with frequent remnants of reef-building organisms (predominantly corals, less frequently
hydrozoans and calcareous sponges) and stromatactis structures. Rarely gastropods and brachiopods can also be found. Of the calcareous
sponges Cheilosporites tirolensis Wähner is known only from Upper Triassic reef limestones of Norian and Rhaetian age. It is also an excellent
facies indicator of quiet water environments of the central reef area. Its co-occurrence with solitary and thamnasteroid corals, calcareous
sponges (Colospongia, Paradeningeria), hydrozoans and “tabulozoans” is the same here as in the other localities of the Northern Calcareous
Alps (SENOWBARI-DARYAN 1980).
Red, schistozed and bedded crinoidal limestone with red chert lenses and smaller sized (10-20 cm in average) olistothrymmata of the
reef limestone described above. The limestone of packstone texture consists exclusively of crinoidal detritus and subordinate amount of
microsparitized (originally micritic) matrix.
Red, bedded radiolarite and radiolarian shale with olistothrymmata of the red crinoidal limestone and reef-breccia whose diameter
extends from a few tens of centimetre up to one metre. Clasts of the light-coloured reef limestone are well recognizable.
Red, bedded radiolarite. According to the unpublished data of the late Lajos Dosztály its age is Callovian-Oxfordian based on
radiolarians.
Brown and green, bedded radiolarite with brownish-grey allodapical limestone intercalations. The gradation of the latters proves that this
part of the section (units 3 to 5) is overturned. In some places slump folds can be seen.
The boundary between units 1 and 2 is the subject of heavy disputes. According to RIEDEL ET AL. (1988) the light-grey reef limestone
(representing the highest part of the Bükkfennsík Limestone Formation) is the stratigraphic underlyer of the red crinoidal limestone and thus the
whole section is overturned despite the small fault displacing units 2 and 3. According to CSONTOS (1999) the outcrop represents an overturned
anticline with unit 2 in its core. Thus, despite the small fault between units 2 and 3, the south-eastern limb is overturned (which is indicated also
by bedding/cleavage relationship) whereas the north-western limb is normal that is proved also by the bedding/cleavage relationship of the
upper part of unit 2 and also of the boundary itself between units 1 and 2. This means that the reef limestone which is stratigraphically older than
all the other units in the outcrop forms a huge olistosthrymma within the red crinoidal limestone like its small pieces that can be found in units 2
and 3, too. The present author who made geological mapping in this region agrees with this opinion also because here the light-grey reef
limestones can be found in large but isolated bodies within radiolarites rather than in continuous outcrops.

Stop 1.5: Miskolc, Lillafüred - 400 m long section in Lillafüred (the recreational centre of Miskolc) along the
western flank of the Miskolc-Eger highway, starting from the railway tunnel and following southward until
the bus parking
Location: The section exposes the Middle Triassic sequence of the Bükk Mts. in the southern, slightly overturned limb of the North Bükk
anticline. The overturning is caused by the Kisfennsík nappe system having moved southward (see also Figs. C.7, C.8). All rocks are
metamorphosed in anchi-epizonal degree.
The first rocks at the tunnel and to the N are light grey, slightly bituminous, thick-bedded dolomites containing at some places
stromatolithic laminae as the only preserved primary sedimentological phenomena. They belong to the Hámor Dolomite Formation (of an overall
thickness of about 250 m). Rare small benthic foraminifera and calcareous algae indicate Anisian age. It represents a shallow, more or less
restricted carbonate platform. In the western and more northern part of the Bükk Mts. (see VELLEDITS 1999, 2000) the uppermost part of the
dolomite shows some freshwater features, however in the studied section it passes into the overlying Szentistvánhegy Metaandesite in
submarine conditions though their boundary is slightly tectonized.

Fig. C.7: Geological cross-section a little bit W of the Lillafüred outcrop (by Gy. Less). Miocene: M1f: Felsőnyárád
Formation; Oligocene: Oc: Csókás Formation; Eocene: Em: Szépvölgy Limestone; Jurassic: Jh, Jm: Mónosbél
Formation; Triassic: Jv: Vesszős Formation; T3r: Felsőtárkány Limestone; T3k and T3n: Bükkfennsík Limestone; T2-3f:
Fehérkő Limestone; T2Π, T2∆: Szentistvánhegy Metaandesite; T2z, T2y, T1x: Hegyestető Formation; T2d: Hámor
Dolomite; T14, T13, T12: Ablakoskővölgy Formation; T11: Gerennavár Limestone; Permian: P3: Nagyvisnyó Limestone; P1-2:
Szentlélek Formation; Carboniferous: Cu, Cp, Cm: Mályinka Formation; Cs: Szilvásvárad Formation.

The violet and green, strongly chloritizied and schistozed metaandesite is of andesitic-dacitic composition and about 300 m in thickness.
Both lavas and tuffs can be found. In the eastern part of the Bükk (where the studied section can be found) these tuffs were deposited in
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submarine conditions, however westerly true ignimbrites indicating dry-land environment can also be found. No direct stratigraphic data could be
extracted from the metaandesite, nevertheless it can be put into the lower part of the Ladinian (maybe also into the uppermost part of the
Anisian) based on the age of the under- and overlying beds.

Fig. C.8: Geological cross-section through the outcrop of the Garadna Valley (by Gy. Less). For symbols see the
legend of Fig. C.7.
The metaandesite passes suddenly but stratigraphically (although their contact is not sufficiently exposed in the section) into light grey,
massive, thick-bedded limestones representing the Fehérkő Limestone Formation (of an overall thickness of about 350 m). Lofer cycles and
algal mats indicating inner platform environment can be found very rarely. In some places, in the lower part of the limestone dark grey and
pinkish limestone interbeddings representing temporary pelagic facies can be found. Conodonts, indicating Lower Ladinian (Fassanian) age
(det.: S. Kovács) were extracted from these rocks. However, the upper age limit of the Fehérkő Limestone is not determined yet.

Stop 1.6: Miskolc, on the northern side of the Miskolc-Ómassa highway Garadna Valley, road-cut at the
“trout” lakes
The outcrop in which the Permian succession of the Bükk Mts. is nicely exposed can be found in the southern limb of the huge North
Bükk anticline in heavily overturned position. This latter was caused by the roughly southward movement of the Kisfennsík nappe system
(consisting of three partial nappes such as Haricavölgy, Magoskő and Örvénykő nappes – see also Fig. C.8).
The western part of the outcrop is the type section of the Garadnavölgy Member of the Szentlélek Formation of Middle Permian age.
Green, chloritic shale, thin, white evaporitic beds and rose-yellow dolomitic lenses are the characteristic constituents of this lithostratigraphic unit
demonstrating sabkha facies. The chlorite is thought to be at least partly of sedimentary origin. The shales contain a dolomitic limestone
intercalation consisting of Middle Permian ostracods (determined by H. Kozur – see in FÜLÖP 1994). Epimetamorphic degree of metamorphism
has been demonstrated by P. Árkai.
In the eastern part of the outcrop the green evaporitic shale passes downwards (however stratigraphically upwards due to the
overturned position!) into light-grey thick-bedded dolomite and thin-bedded black, bituminous limestones and marls of a marine inner lagoonal
facies (Nagyvisnyó Limestone Formation). These Upper Permian rocks are highly fossiliferous containing abundant algae (Mizzia, Vermiporella,
Permocalculus), ostracods and small benthic foraminifera. They can be locally rich also in brachiopods, but sometimes corals, nautiloids, and
trilobites can be found, too.
In the studied outcrop the limestones, shales and marls have strongly oriented texture: one or two schistozities can be observed.
Beautiful boudinage is seen in the thick dolomite layers. The extensional phenomenon goes together with tight folds of chevron type. These are
late deformations, respective both to the original forming of the North Bükk anticline and to its later overturning.

Szendrő Hills
The Szendrő Hills are built up exclusively by Paleozoic formations, which are covered in the surrounding basin areas by Neogene and
Quaternary sediments. The Mesozoic cover series is unknown. The Szendrő Unit has a considerably larger extent in the basin basement, as
revealed by borehole and geophysical data. It is bound on the NW by the southeastern border fault of the Darnó Zone, whereas on the S
(probably) by the eastern continuation of the Nekézseny Fault (which in its western part divides the Uppony and Bükk Units). As the
easternmost borehole data (Abaújdevecser 2) shows, it may extend eastward up to the Hernád (Hornád) Fault, whereas towards the N up to the
state border, although borehole data are lacking in that direction.
The unit can be subdivided into two subunits, e.g. the Rakaca Subunit on the N, which is overthrust by the Abod Subunit from the S
(Fig. C.9). The known sequence of the latter begins with ?Silurian – Lower Devonian slates, siliceous slates and metasandstones of deeper
water origin, overlain by Middle Devonian mixed carbonate–siliciclastic sediments with corals, deposited in a ramp environment (Szendrőlád
Fm., equivalent of the Middle Devonian coral-bearing formations of the Graz Paleozoic in the Eastern Alps). This mixed sequence reaches up
partly into the Frasnian, and is overlain by a monotonous marble formation of carbonate platform facies, on one hand, and by basinal limestones
with some tuffitic admixture, resulting due to metamorphism in a characteristic “cipollino” structure. The latter contains poorly preserved
Frasnian--Famennian conodonts. Younger formations are unknown.
The northerly lying Rakaca Subunit of lower position is built up by carbonate preflysch formations and by a flysch formation. Coarse
crystalline, bluish grey -- white banded marbles are of two ages, as shown by related basinal facies: 1) Middle – lower Upper Devonian
(Rakacaszend Marble) in the northern and central subzone of the marble range, followed by Upper Devonian conodont-bearing basinal
limestones; 2) Carboniferous (Lower Visean to Lower Bashkirian) in the southern subzone of zone of the marble range, alternating with Lower
Visean crinoidal limestone E of Stop 7 (in Kopasz Hill quarry), and interfingering with Upper Visean to Lower Bashkirian dark bluish grey basinal
limestones. The Szendrő Phyllite Fm. develops with bed-by-bed alternation from the latters and builds up the central, phyllite range of the hills. It
represents the Variscan flysch stage, in its lower part is of proximal-type with olistostromes and becomes distal-type towards its upper part. It
may range up into the Upper Bashkirian, or even into the Lower Moscovian. The distal-type upper parts correlatable with the Variscan flysch of
the Bükk Mts. (Szilvásvárad Formation), whereas the formation in a whole corresponds to the Hochwipfel flysch of the Carnic Alps.
Paleozoic rocks of both subunits were affected by a Middle Cretaceous (108=+8Ma average K-Ar ages on illites/muscovites; ÁRKAI ET
AL. 1995) low grade Alpine metamorphism, with ~3Kbar pressure and ~400 °C temperature conditions (ÁRKAI 1983).
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Fig. C.9: Structural cross section of the Szendrő Hills (KOVÁCS & PÉRÓ 1983 IN HAAS 2001).

Stop 1.7: Road-cut SW of Rakacaszend
The road-cut cleared in a length of some 50 metres exposes the characteristic Middle Carboniferous sequence of the Szendrő Mts.
starting with the uppermost part of Rakaca Marble in carbonate platform facies followed by Verebeshegy Formation in pelagic carbonate facies
and terminated by a transition to the siliciclastic Szendrő Phyllite Formation (Fig. C.10).
Fig. C.10: Geological section of the Rakacaszend outcrop (after PÉRÓ 1990).

The
uppermost beds
of the Rakaca
Marble
are
visible in the
western part of
the exposure. In
the western part
of the outcrop the
carbonate
platform
facies
exhibits
an
apparently
continuous
transition along
the strike toward
dark bluish-grey
limestone
of
basinal
facies
(small cave). It
may mean that
the lime mud of
platform
origin
was subject to
reworking
and
redeposition
before
lithification. The
light bluish-grey,
banded coarsecrystalline, thinbedded marble
ends
with
a
rather
sharp,
(re)dissolved
surface.
This
well-visible,
characteristic,
reddish-brown,
fine-grained
hardground
shows
parallel
undulations.
The
hardground
is
overlain by the
Verebeshegy
Limestone
Formation,
whose
lower
beds
are
represented by
well-stratified,
bedded,
dark
bluish-grey, finecrystalline
limestone
containing
crinoidal
fragments and conodonts [Idiognathoides corrugatus Harris & Holl., I. lateralis (Higg. & Bouck.), I. noduliferous inaequalis Higg., I. noduliferous
noduliferous (Ell. & Graves), I. sinuatus Harris & Holl., I. sulcatus sulcatus Higg. & Bouck.] determining Lower Bashkirian age (determined by S.
Kovács). Mm-cm-sized turbidites containing fine quartz, sand and silt and occurring in the rather well stratified, thin-bedded and bedded, fine
crystalline limestone of the upper beds become more and more frequent upwards. Thicker turbidites form fine-sandy and silty phyllite beds that
are distinguishable in the outcrop. The upper group of beds is folded into asymmetrical and overturned folds of NNW vergence that can be
subject to shearing along the short limbs. Schistosity that is simultaneous with folding is parallel with the fold axis plane and has a SSE dipping
of about 45°. Accordingly, repetition of beds is reckoned within this part of the exposure.
The development of the Szendrő Phyllite (of distal flysch facies) from the Verebeshegy Limestone is continuous. Their boundary can be
put where the terrigenous detritus becomes predominant. A cleared profile for phyllite can be seen 100 m E thereof, in the road curve.
The sequence was subject to a low-grade Alpine metamorphism of greenschist facies (400 °C and 3 kbar, measured by P. Árkai). Due
to metamorphism the original textural features of the marble became blurred. Conodonts representing the only fossil group that can be
sufficiently identified were heavily recrystallized and exhibit a high degree of discoloration (CAI = 6-7, measured by S. Kovács and P. Árkai).
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Aggtelek-Rudabánya Mountains
Despite of its small dimension, the Aggtelek-Rudabánya Mts., the southernmost element of the Inner West Carpathisans, is geologically
one of the most complex regions in Hungary (Fig. C.11). It can be subdivided into two parts, to the Aggtelek and to the Rudabánya Mts. The first
one is clearly the continuation of the Slovak Karst Mts. However, their structures are cut along the Ragály-Szőlősardó-Perkupa-BódvarákóHídvégardó-Žarnov line, from the S and E of which one can find the Rudabánya Mts. The two units are separated by a complicated, generally
sinistral strike-slip structure of Oligo-Miocene age (SZENTPÉTERY 1997, LESS 2000). This means that until the Late Oligocene the Rudabánya
Mts. were located some tens of km-s to the S of the Aggtelek Mts. that was relatively intact to the sinistral movements along the Darnó zone. In
fact, the Rudabánya Mts. are incorporated into this zone because SE of it already the Uppony and Szendrő Mts. follows whose Paleozoic rocks
show already a Southern Alpine and Dinaric affinity, together with the Paleo-Mesozoic of the Bükk Mts. So, the SE margin of the Rudabánya
Mts. is once again a sinistral strike-slip delimiting the entire Inner West Carpathians towards SE from the units of South Alpine and Dinaric
origin.
In re-establishing the pre-Miocene structures, i.e. in pulling back the Rudabánya Mts. virtually to the SW into the southern continuation
of the Aggtelek Mts. and the Slovak Karst, the obtained structure is still very complicated. It consists of (in order of superposition from upwards):
1) the neo-allochtonous klipps of Alsó-hegy (Dolný Vrch), Éles-tető (Ostrý Vrch) and Derenk, covering 2) the folded and imbricated structures (of
southern vergence in Hungary) of the mountains that are superpositioning 3) the primary nappe structure.
This reconstructed primary nappe structure is composed of three main tectonic units that are characterized by three different groups of
rocks whose metamorphic degrees are also distinctively different (ÁRKAI & KOVÁCS 1986). These units are called here as Silica, Meliata and
Torna (Turňa) Units s.s., as they have been originally introduced, despite the enormous confusions accumulated into these names in the
decade past. The origin of these confusions is that the meaning of these terms is not unambiguously defined, therefore they are used in terms of
both rock sequences (and also of their depositional areas) and tectonical units. However, they are recently so widely used and so deeply
imprinted, that the introduction of each new name would create even more confusions. These three main units are characterized below on the
Fig. C.11: Geological cross sections through Alsóhegy and Rudabánya Mts. (after LESS ET AL. 1998).

basis of their rock sequences and their metamorphic degrees. More details see in GRILL ET AL. 1984 and KOVÁCS ET AL. 1989).
1. Non-metamorphosed Uppermost Permian, Triassic and Jurassic rocks deposited on continental crust are joined in the Silica series
group. They form the upper tectonical unit of the primary nappe structure of the Aggtelek-Rudabánya Mts., the Silica nappe system, originally
defined by KOZUR & MOCK (1973). This nappe system is mostly detached from its Paleozoic basement along the plastic Uppermost
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Permian/Lowermost Triassic Perkupa Evaporites. We interpret the older Carboniferous-Permian sequence of the Brusník brachianticline in
Slovakia as the older Paleozoic basement of the Silica series group. In this case the Paleozoic basement of the Silica series group could be an
external Southern Gemeric one that is mostly incorporated into a later collisional zone whose exhumed remnants (Jasov and Bučina formations)
are recently exposed in the lower slice of the secondary Bôrka nappe (MELLO ET AL. 1998). More details see in LESS (2000).
The sequences of the Silica series group are partly different in the Aggtelek and Rudabánya Mts. In the first it is called Aggtelek series
whereas in the Rudabánya Mts. its name is Bódva series. Both they start uniformly with Permo-Triassic evaporitic to sandstone beds (= the
"Haselgebirge" in the Eastern Alps), followed by shallow marine, terrigenous but ever more limy Lower Triassic (correlatable with the Werfen
beds – more details see in HIPS 1996), then by shallow marine, Anisian platform carbonates (Gutenstein and Steinalm beds). After or without an
intraplatform basinal event (Reifling and Schreyeralm Limestones) this carbonate platform survived in the Aggtelek series up to the Late Carnian
(Wetterstein Limestone in the Aggtelek facies) or even up to the Norian (Dachstein Limestone in Drnava, Slovakia). The Ladinian–Carnian
Derenk Limestone of the Derenk klipp in the southern front of Alsóhegy klipp represents a specific slope facies ("syndiagenetically brecciated
limestone" according to KOVÁCS 1979).
Meanwhile, in the Bódva series no platform carbonates can be found starting from the Middle Anisian. This series is also a composite
one: The Szőlősardó facies is characterized by the slope deposits of the Nádaska Limestone and by the relatively thick, terrigenous Szőlősardó
Marl marking the Middle Carnian Raibl event. The Upper Anisian to Carnian of the Bódva facies s.s. (Stop 8) is characterized mainly by deep
water limestones (Bódvalenke Limestone) interfingering with under-CCD radiolarites (Szárhegy Radiolarite). After the very diverse Upper
Anisian to Middle Carnian, the Upper Carnian and Norian of the Aggtelek and Bódva series became almost uniform: This interval is represented
in both series by the same pelagic Hallstatt and/or Pötschen Limestones.
The Jurassic in Hungary is known only in the Bódva series: It has two developments (GRILL 1988): The Telekesoldal Complex lying
upon the Triassic of the Bódva facies s.s. is built up by monotonous black shales then by rhyolitic wildflysch (Stop 10). The Triassic basement of
the other development, the Telekesvölgy Complex is rather uncertain. It consists of a lower, variegated marly part whereas the upper part is
composed of crinoidal marls and manganese shales.
The facial distribution of the Upper Anisian-Middle Carnian within the Silica series group (taking also into account that the Rudabánya
Mts. together with the Bódva series lying on its top must be pulled back far to the S before the Miocene) indicates a general southward
deepening in recent coordinates thus it could be much more easily the northern margin of an ocean (the "Meliata-Hallstatt ocean") than the
southern one.
2. Anchimetamorphic (in average) Triassic and Jurassic rocks deposited on oceanic or thinned continental crust are grouped into the
Meliata series group. Most of its sequences are tectonically dismembered and secondarily incorporated into the evaporitic basement of the
Silica nappe system as it is shown by several boreholes both in Hungary and in Slovakia. At the same time some remnants could stay in their
original position, just below the Silica nappe system. This twofold superpositional character of the Meliata series group indicates that primarily,
before the overthusting of the Silica nappe system, the Meliata series group was in uppermost tectonic position. Due to its both dismembered
character and partly true, newly formed oceanic nature, practically nothing is known about its Paleozoic basement and very little about the
Lower Triassic.
Because of its outcropping, the Meliata series group is much less known than the Silica one. Three series can be distinguished. The
Meliata series s.s. (which is understood here in its strictest sense, i.e. only the occurrences at the vicinity of Meliata, Držkovce and Čoltovo) is
not known from Hungary. Recently it is thought to be an Upper Jurassic olistostrome with both Middle-Upper Triassic and Jurassic olistoliths
(MOCK ET AL. 1998). This sequence is believed to be of intermediate crust based on the subordinate role of basic magmatic rocks. The newly
formed, true oceanic crust of mostly Ladinian age is represented by the Tornakápolna series from whose dismembered serpentinites, gabbros,
basalts and radiolarites a real MORB-type ophiolite (Bódva Valley Ophiolite) can be reconstructed (RÉTI 1985). Red Ladinian radiolarites
(Čoltovo Radiolarite) characteristic for the Meliata (s.s.) series and basalts belonging to the Tornakápolna series are interfingering in several
localities (more details see in LESS 2000), so the close relationship of these two series is unambiguous. The Bódvarákó series is the third among
those ranged into the Meliata series group. It is outcropped in the core of an antiform in the northern part of the Rudabánya Mts. and located
clearly under the Silica nappe system represented here by the Bódva series. More deails see in LESS (2000).
3.The Torna (Turňa) series itself contains only Triassic rocks, its Jurassic is eroded. The Lower Triassic is not known from Hungary, the
Paklan and Jelšava beds in Slovakia (MELLO ET AL. 1997) can be correlated with the Szin Marl of the Silica series group. The Middle-Upper
Triassic is well known and rather uniform: its standard elements are the Middle Anisian Steinalm (Honce) formation, the Middle Carnian
Tornaszentandrás Shale marking the Raibl event and the Upper Carnian to Middle Norian Pötschen Limestone (Stop 9). The Upper Anisian to
Lower Carnian is more diverse: in Hungary a marginal and a "seamount" development can be distinguished: the former with distinctive
terrigenous input (represented in the secondary Martonyi klipp) and the latter with moderately deep basinal limestones in the Esztramos near
Bódvarákó and at the vicinity of Hídvégardó and Becskeháza.
The sequence of the Torna series is very similar to that of the Szőlősardó facies of the Bódva series belonging to the Silica series
group, but is distinguished by the lack of redepositional phenomena, characteristic of the latter. This similarity can be explained by their
symmetrical position related to the axis of an existing ocean as well. At the same time the different metamorphic history can be explained by
their opposite position at the time of oceanic closure: the Szőlősardó facies remained non-metamorphosed because it occupied an upper plate
position at the active margin while the Torna series as part of the passive margin came into a lower plate position and, therefore became
metamorphosed.
The structural evolution of the Aggtelek-Rudabánya Mts. is described in detail by LESS (2000). It started in the Middle Anisian with rifting
and then opening of the Meliatic oceanic domain between the Silicic and Tornaic depositional areas. The ocean subducted northward during the
Jurassic and simultaneously obducted southward on top of the Tornaic crust. The Silica nappe system was formed after the collision by
gravitational gliding to the S, having detached from its Paleozoic basement along thick plastic Upper Permian evaporites. In a later phase folding
and imbrication were terminated in forming secondary klipps [of the Alsó-hegy (Dolný Vrch), Éles-tető (Ostrý Vrch) and Derenk] in about the
Middle Cretaceous. Its timing is rather difficult because Cretaceous and Paleocene-Eocene rocks are completely missing in the territory. The
compression was of N-S direction in recent co-ordinates, however an about 90° counter-clockwise rotation detected by MÁRTON ET AL. (1988)
must be taken into account in this respect.
The last main phase in the Oligo-Miocene was induced by the Bükk and Szendrő Mts. having approached far from SW. As a result, the
Rudabánya Mts. were moved in three main segments (documented also by Upper Oligocene to Lower Miocene rocks in different facies – see
SZENTPÉTERY 1997) from the southern vicinity of the Aggtelek Mts. to their eastern neighbourhood along sinistral strike-slips of the Darnó zone.
Overthrusting of new secondary klipps (e.g. the Martonyi klipp) and movements along complementary strike-slips of E-W direction (e.g. the
Rožňava line) are also associated with this phase. After the consolidation of the territory in the Middle Miocene it became once again a dry-land.
In the Late Miocene the Pannonian Lake ingressed into morphological depressions caused by erosion and brittle faults. These latter have also a
younger generation that affected already the Pannonian deposits as well.

Stop 1.8: Bódvalenke, in the northernmost part of the village, below the bend of the highway leading to
Komjáti roadside wall
The outcrop represents one of the type sections of the Bódva series building up the Bódva nappe, the highest primary tectonic unit of
the Rudabánya Mts. (correlatable with the Silica nappe of the Aggtelek Mts. and Slovak Karst).
The exposure consists of two parts. In the first part outcropping to the S of the other part, a few meters of Steinalm Limestone Formation
representing Middle Anisian carbonate platform facies (light grey massive limestone with sporadic dasycladaceans) can be found. It contains
pinkish pelagic fissure fillings from which Middle Anisian (Pelsonian) conodonts (Gondolella bulgarica Bud. & Stef.) could be extracted.
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The next about 30 m of the section is covered and then followed by the main part of the outcrop over a length of 85 m, usually with
subvertical dip. The section can be subdivided into five lithologic units (see Fig. C.12) from which the lower three belongs to the Bódvalenke
Limestone Formation, the upper one to the Hallstatt Formation whereas the fourth unit is transitional between them. All these units represent
pelagic, deepwater facies. The five units are as follows:

Fig. C.12: Geological section of the Bódvalenke outcrop. Numbers in the section correspond to numbers in the text (after
KOVÁCS & LESS 1987).
1. Thin-bedded, well-stratified micritic limestone of purple-red and pink colour alternating with light, slightly crystalline filamentous
limestone, red chert lenses and beds and thin purple-red shale interbeddings. The micritic limestone is representative of normal sedimentation
in which the crystalline, filamentous limestone, prevailing in many cases, forms redeposited, allodapic limestone intercalations. The overall
thickness of this unit is about 30 m. Based on conodonts (see in detail in KOVÁCS 1986) the lower 10 m belongs still to the Upper Anisian
(Illyrian) whereas the upper 20 m represents the Lower Ladinian (Fassanian).
2. Light red to pink, micritic limestone “bed” of a wavy internal stratification with a few poorly preserved ammonites on the upper bedding
plane. Based on conodonts, the 5 m thick “bed” belongs to the Upper Ladinian (Longobardian)
3. Purple-red, partly greenish grey shales with allodapic, purplish red micritic limestones. The age of the 5 m thick unit is Lower to Middle
Carnian (Cordevolian-Julian).
4. Light brownish grey, mesocrystalline, thick-bedded filamentous limestone, sometimes with the remnants of pinkish micritic limestone.
Based on conodonts, the 30 m thick unit represents the Upper Carnian (Tuvalian).
5. Pink and red, micritic limestone with frequent slump phenomena. The visible thickness of this unit, representing the lowermost part of
the Hallstatt Limestone is about 5 m, however it already belongs to the Lower Norian (Lacian).

Stop 1.9: Tornaszentandrás: Along the northern side of the highway leading to Tornabarakony
The profile exposes the upper (Upper Triassic) part of the epi-anchimetamorphosed Torna series that originally formed the lowermost
known tectonic unit of the Aggtelek-Rudabánya Mts. Recently, in the neighbourhood of Tornaszentandrás and Martonyi, the Torna series is in
neo-allochtonous position, in the Martonyi nappe, lying above the Bódva nappe (corresponding to the Silica nappe in the Rudabánya Mts. – see
at Stop 8). More details and two partly different views on the tectonic complications of this area see in LESS (2000) and in FODOR & KOROKNAI
(2001).
In the outcrops two characteristic lithostratigaphic units of the Torna series, the Tornaszentandrás Shale and Pötschen Limestone can
be studied whose transition is observable behind the house 16, Kossuth Street. The Tornaszentandrás Shale (its best outcrop is in the court of
the house 14, Kossuth Street) is a foliated, black (when fresh) to yellowish-brown (when weathered) sericitic shale and meta-siltstone usually
without any limy or marly intercalations. One single limestone bed could be found in the Rednek Valley near Martonyi from where Middle
Carnian (Julian) conodonts (Gondolella tadpole Hayashi, Gladigondolella malayensis malayensis Nogami, Metapolygnatihus baloghi Kovács)
could be determined by S. Kovács. Strong schistozity and tight folding are frequently observable. Sericite and quartz dominate the mineralogical
composition. The illyte-crystallinity degree measured by P. Árkai already corresponds to the epizonal grade (IC = 0.20-0.24 Θ).
The Pötschen Limestone is a light grey, well-bedded (however, it is often shadowed by shistosity) limestone in which light grey to drab
chert nodules of fist size and/or chert strings with up to 5 cm in thickness can be observed. Originally microsparitic, the limestone is crystallized
into sparite. Of the originally existing fossils, only crinoids and recrystallized filaments are now recognizable. The age of the Pötschen Limestone
in this outcop is Upper Carnian (Tuvalian) and Lower Norian (Lacian) based on conodonts determined by S. Kovács [Gondolella
polygnathiformis Bud. & Stef. and G. nodosa (Hayashi), resp. Metapolygnathus abneptis (Huckr.)]. The Pötschen Limestone is intensively folded
and foliated, more details see in FODOR & KOROKNAI (2001).

Stop 1.10: Perkupa, Telekes-oldal: along the highway between Szalonna and Perkupa, 300 m. to the E of
the mouth of Telekes valley
Location: The 60 m long and max. 10 to 12 m high exposure represents the upper part of the Telekesoldal Formation (of Middle-Upper
Jurassic age), the highest lithostratigraphic unit of the Bódva series forming the Bódva nappe, the highest primary tectonic unit of the
Rudabánya Mts.
The outcrop exposes a specific olistostomal complex (Fig. C.13). “Conglomerate” intercalations with a thickness ranging from 10 cm to 5
m are visible in monotonous, dark grey shale sequence which includes randomly Chondrites trace fossils that are characteristic of deep marine
environment. They are built up from grey, micritic limestone (radiolarian-filamentous biomicrite, mudstone-wackestone) and greenish-white

Fig. C.13: Geological section of the Telekes-oldal outcrop. Legend: 1: matrix-free olistostrome; 2: olistostrome with matrix
("mud-supported"); 3: shale (after KOVÁCS 1988).
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rhyolite clasts. Both clast types have a rather irregular contour and are, in general a few centimeters in size. In the thickest intercalation rhyolite
blocks with a diameter of even 0.5 m are also visible. In addition, brown, angular, burnt shale or marl and red jasper clasts with a diameter of 0.5
to 2 cm are also observed. Rhyolites contain quartz and sanidine phenocrysts that can be recognized even by naked eyes. From the limestones
a mixed Conodonta fauna ranging from Early Ladinan to Late Norian was identified by S. Kovács. This fauna excludes that resedimentation is
older than Late Norian. However, Bathonian radiolarians were determined by L. Dosztály from the deeper part of the Telekesoldal Formation
thus the age of the olisthostrome is very probably Upper Jurassic. In addition to olisthostromes, grey allodapic crinoidal limestone intercalations
of few cm thickness are sometimes observed.
These rocks represent a specific type of sediment because the limestone and rhyolite clasts – except for a few thinner beds – have no
separate matrix. However, limestone clasts include ones with more definite contour and less irregular shape and ones with blurred contour and
very irregular shape which fill the space between the former type and the rhyolite clasts. This means that the first type of limestone clasts was
more or less consolidated when resedimentation took place whereas the second type was still in the state of soft lime mud (“plasticlast”) and
also served as a matrix of debris flow. Thus a special olisthostrome type with no separate matrix was developed. It is visible in some thicker
beds that in their upper 10 to 15 cm the debris flow turned into a high density turbidity current. Only a few olisthostrome levels were exception to
the lack of separate matrix; in the thicker beds found in the middle part of the outcrop round-shaped, redeposited when still unlithified limestone
clasts were embedded in green, tuff-like matrix, whereas in the 2 or 3 thinner beds found on the left side of the exposure they are embedded in
grey clayey-marly matrix. Based on the gradation and on the relationship of shistosity to lamination, the sequence is clearly of overturned
position. Some parts of the olisthostrome levels are tectonically disintegrated.
The olistostromes of the Telekesoldal Formation represent typical seismites and the related island arc type volcanites belong to an
Upper Jurassic subduction complex.

2ND DAY PROGRAMME
J. Mello, A. Vozárová & J. Ivanička

Southern part of Spišsko-gemerské rudohorie Mts
Gemericum, Meliaticum, Turnaicum and Silicicum Units
General characteristic of main tectonic units
The excursion continues from NE Hungary across the units of the Western Carpathians in East Slovakia. Gradually we shall cross the
Inner Western Carpathians (including the Central Carpathian Paleogene), Klippen Belt and at last the Outer (Flysch) Belt of the WC on the
territory of Poland.
Inner Western Carpathians (IWC)
In the sense of the definition of MOCK (1979) it is the southernmost and innermost part of Alpine units, which is lying S of the
Margecany-Lubeník Line, only their some parts are in form of nappes (nowadays tectonic outliers) overthrust on the Central Western
Carpathians.
In the structure of the IWC in superposition 5 tectonic units take part (from bottom to top): the Gemericum, Bôrka nappe, Meliaticum s.s.,
Turnaicum and Silicicum. With some of them we already got familiar on Hungarian territory, because three higher units are found on both sides
of the frontier, it is, however, necessary to mention that besides details there are also certain differences in facial content.
Gemericum
The Gemericum Unit is composed mainly of the Early- to Late Paleozoic sedimentary and volcanic rocks, and subordinate Mesozoic
rocks. Its shaping took place successively during the Caledonian?, mainly Variscan and finally the Alpine Orogenies, the latter lending it an
Alpine structural style (see characteristic of the Gemericum in detail by description to Excursion A, and references at all).
Bôrka Nappe
Along the northern margin of the Slovak karst, between the Jasov and Sirk villages, there crop out numerous, locally isolated, yet more
or less continuous occurrences of Late Paleozoic-Mesozoic sequences, assigned to the Bôrka nappe. Being relatively higher-grade
metamorphosed than their environment, their common and characteristic feature is the Alpine metamorphism under conditions of medium to
-1
higher pressure, with relatively low geothermal gradient, reaching 10°C/km (MAZZOLI ET AL. 1992).
The setting of almost all occurrences is identical – they are tectonically overlying of the Late Paleozoic-(?)Mesozoic envelope (the
Gočaltovo group) and Early Paleozoic-(?)Lower Carboniferous units of the Gemericum Unit, and in the tectonically underlying the Turna nappe,
or directly, the structures of the Silicicum Unit.
The following reasons led us to assigning the higher metamorphosed Late Paleozoic-Mesozoic sequences into an independent tectonic
unit – the Bôrka nappe:
1. Identical lithofacial development of the Late Paleozoic and Mesozoic members at all mentioned occurrences, differing from tectonic
units in both, their overlying (Turna nappe, Silicicum Unit), and underlying (Gočaltovo Group of the Gemericum Unit).
2. Identical type and degree of metamorphism with a distinct metamorphic jump as compared to the underlying, or overlying tectonic
units.
3. Similar deformational style, characterized by a complicated imbricated internal structure, with individual lithological, or
lithostratigraphical members being frequently tectonically contacted. The folding deformations have a superimposed character, the older, very
tight folds of isoclinal type being intensively refolded and often accompanied by intensive development of crenulation cleavage. A distinct
stretching lineation manifested by a marked preferred orientation of metamorphic minerals (glaucophane, phengite, calcite etc.), and also by
stretching and dynamic recrystallization of clastic grains and pebbles, observable at several localities.
4. All occurrences were ranked into a distinctive zone fringing the northern margin of the Slovak karst. No equivalents of so defined
tectonic unit have been documented in tectonic outliers, or tectonic scales, respectively, in more internal (more southerly situated) parts of the
Slovak karst (S of Rožňava fault).
Meliaticum Unit
This tectonic unit is composed of fragments originating from oceanic and paraoceanic mobile belt located between the shelves of
Europe and Apulia, respectively. This mobile belt, known as the Meliata Ocean, was a part of the Paleotethys, as defined by SENGÖR (1984,
1985), or of the Cimmerian ocean, according to KOZUR (1991) (or other oceans, as defined by different authors, for caption see, for instance
KÁZMÉR & KOVÁCS 1989).
The ocean was formed due to rifting and spreading between the Pelsonian and Carnian stages and ceased to exist during the Upper
Jurassic (Oxfordian) collision. According to various estimates it reached, at its best, a width of 800–1000 km and a depth of several thousands
of meters.
Its characteristic feature was the sedimentation of deep-sea sediments (pelagic, often radiolarian limestones, radiolarites, siliceous
pelites, black shales and turbidites). During the rifting the sedimentation was accompanied by submarine volcanic activity (development of basic
and ultrabasic rocks of the ophiolitic suite). The pre-collisional stage was characterized by abundant turbidites and by formation of extensive
olistostromes, with olistoliths, reaching the size of up to several hundreds of meters.
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The majority of rock formations were subducted during the course of Upper Jurassic collision and only few fragments are preserved,
since they obducted to form accretional prisms, or evaporitic melanges at the bases of higher nappes.
From the afore mentioned it follows that the situation concerning the lithostratigraphic content of the Meliaticum Unit is more
complicated than it is in other tectonic units. All occurrences have a melange, or an olistostrome character, thus, we are facing the same
problem as did geologists in the Klippen belt for decades: to reconstruct sequences and paleogeography of the klippen (olistoliths), scales and
torn away fragments.
Since the melange character of the Meliaticum Unit is now a well established and generally accepted fact, any attempt to superpose
beds could only be hypothetic, and any reconstruction would be based on various, mutually unrelated occurrences, or occurrences, correlable
only within individual blocks (olistoliths). As pointed out by KOZUR (1991, 104), the melanges were envisaged as normal sequences, dated on
the basis of fossils from blocks, which led often to false paleogeographic and tectonic reconstructions.
Turnaicum Unit
It represents a rootless nappe composed of several partial units emerging from the unit underlying of the Silica nappe. Its original
definition implied only the Triassic and Jurassic rocks, however, not long ago, the Paleozoic rocks of the Brusník anticline (VOZÁROVÁ & VOZÁR
1992) were also assigned to it. All these rocks are well comparable with the Paleozoic rocks of the Szendrö Mts. Since the Lower Triassic rocks
(pre-rifting stage) can be correlated with the Silica nappe and the Pelsonian to Upper Triassic rocks have a more pelagic character relative to
the rocks of the Silica nappe, the majority of research workers sought their origin on the slope between the Silica carbonate platform and the
Meliata oceanic trough. Most Turnaicum rocks are affected by low-grade metamorphism (anchizonal conditions). Their extent is as follows: the
Turnianska kotlina depression, the area between Brusník and Slovenská skala and surroundings of Štítnik, Honce and other small occurrences.
A typical and from the lithological point of view an important feature is the presence at some localities of the Middle and Upper Triassic
grey cherty limestones and dark shales with intercalations of sandstones, or Middle Carnian volcanic rocks. At the locality Stráňa near Jelšavská
Teplica there also occur the Hallstatt type facies. The (Gutenstein) dolomites and pale massive limestones are typical rocks of the Anisian
stage.
Silicicum Unit
The Silica nappe is an extensive, horizontally or subhorizontally lying nappe-like body, divided during, or after the period of overthrusting
into a series of partial structures and blocks. Due to erosion and denudation several parts were removed and only rudiments remained from
what were before mainly Jurassic, or Upper Triassic formations. The most widespread are the Middle- and Lower Triassic sediments. Since the
Silica nappe is rootless, we do not know what was its original Paleozoic basement. Basing on its facial content KOZUR & MOCK (1973 A, B) and
ANDRUSOV (1975) presumed that it is, in palinspastic terms, the "northernmost" element. As regards its facial features, it can well be compared
with the Schneeberg and Mürzalpe nappes of the Juvavicum of the Northern Kalkalpen. However, the structural measurements could not prove
tectonic transport of nappes from north to south, but, to the contrary, from south to north (GRECULA & VARGA 1977, RICOU, written
communication in 1986, HÓK ET AL. 1993).

Stop 2.1: Gombasek – quarry
For the needs of local lime-kiln, but also for other purposes the member most typical and most extended of the Triassic carbonate
platform of the Silicicum – the Wetterstein Limestone of Ladinian – Early Carnian age is exploited here. There are huge resources of it – tens of
3
km - in neighbourhood, sad is that a unique work of nature – the Plešivec Karst Plateau and canyon of the Slaná river (protected by law) are
beeing destroyed.
In the southern part of the Plešivec plateau, amidst the Wetterstein Limestones, the significiant Gombasek upthrust takes its course,
which separates two partial structures of the Silica nappe (Fig. C.14). The upthrust is indicated at the plateau surface by a distinct depression –
a series of sinkholes, more significant is, however, the facial difference – N of the upthrust reefal limestones, S of it lagoonal limestones are

Fig. C.14: Geographical and geological sketch of the Gombasek quarry
vicinity (According by J. Mello). Explanations: 1 - 3 The Silica Nappe —
1. Lower Triassic sequences, 2. Anisian sequences, 3. The Wetterstein
Limestones, Ladinian-Cordevolian; 4. Quaternary sediments, 5. reverse
faults, 6. faults; KP — Koniart karst plateau, PP — Plešivská planina karst
plateau, SP — Silická planina karst plateau.

represented (Fig. C.15). These relations were studied more in detail by MELLO (1977). He has found out that by the influence of erosion there
was a shift of the morphological to the geological boundary.
The exploited Wetterstein reefal limestone is highly pure, only contaminated by non-carbonate fillings of joints and/or underground
cavities. Mostly known such spaces were encountered at the beginning of excavation which led fast to abandoning of the locality. The Late
Cretaceous filling consisting of folded (!) dark shales and sandstones was described by MELLO & SNOPKOVÁ (1973) and MARSCHALKO & MELLO
(1993).

Fig. C.15: Tectonic contact of the Wetterstein Bioherm and Lagoonal
Limestones in the south part of Plešivská planina karst plateau
(According by J. Mello). Explanations: A. The Bioherm Limestones —
1. biogenic limestones, 2. bioclastic limestones, 3. calcareous sponges;
4. corals, 5. encrusting organism, 6. problematics, 7. evinosponges; B. The
Lagoonal Limestones — 8. bioclastic limestones, 9. pellet limestones,
10. stromatolitic limestones, 11. Poikiloporella duplicata, 12. Teutloporella
herculea, 13. solonopores 14. bryozoans, 15. foraminifers, 16. coated
grains and oncoids, 17. loferite intraclasts, 18. sea urchine spines,
19. sapling points, 20. tectonic and facial boundary, 21. morphological
boundary. Sketch at the left shows shifting of the tectonic and morphological
boundaries with progressing erosion.
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Stop 2.2: Meliata: type locality of the Meliata Formation and Meliaticum
It is a locality, from which an essentially new view on the geological structure of the Slovak Kars and whole IWC set out. For the first
time (although as it has shown later, only in form of blocks – olistoliths). Triassic rocks of the Tethys oceanic realm were established here. Also
in spite of the fact that such rocks were found later in greater extent and more completely represented also elsewhere (for instance „Jaklovce in
NE Slovakia, Mount Darnó, Tornakápolna in northern Hungary), Meliata remains the type locality of the Meliaticum tectonic unit and Meliata
Formation (Jurassic clark shales, turbidites and radiolarites with olistoliths of Triassic rocks).
The type locality is situated on the eastern shore of the Muráň river abourt 200 m S od the S of the old Meliata mill. The defilé begins
with the (light-coloured massive Honce Limestones, Anisian in Age, with joints filled up with red pelagic limestones, Pelsonian in age. Further
on, blocks of Triassic rocks follow, which until lately were considered as a continuous profile of the Triassic Meliata „Series“: red shales, silicites
and red limestones (Ladinian), dark-grey layered limestones (Carnian – Norian), marly limestones, dark shales with layers of silicites (Late
Traiassic – Jurassic).
In the Silica nappe in the Slovak Karst beccuise of lacking time we shall not visit any locality, but on the way we shall see imposing karst
plateaus – built up of non-metamorphosed Triassic carbonates of the carbonate platform (mainly the Wetterstein Limestones), into which only to
a little extent intraplatform slope and basin facies (the Raming, Reifling, Nádaska and Schreyeralm Limestones) intervene.

Stop 2.3: Jelšava
We are in the zone of contact of three tectonic units – the Gemericum, Meliaticum (Bôrka nappe) and Turnaicum.
The structure is imbricated with vergency to the north, as indicated by general structure as well as detailed measurements at outcrops.
The Meliata Unit is sandwiched betveen units of the Gemericum and Turnaicum. This situation is of importance for paleogeographical
reconstruction in a way that we have to derive the areas of sedimentation of the Turnaicum and Silicicum from an area S of the Meliaticum (in
present-day coordinates).
The Bôrka nappe is a remnant from a subductional-accretional complex, many of its parts were metamorphosed under conditions of
high pressure and low temperatures.
In the road cut near Jelšava we shall see from it the so called Jelšava Member – metamorphosed Early Triassic shales and marly
limestones.
The nappe of Slovenská skala as a representative of the Turnaicum, consists of two synclinal slices (of Slovenská skala and Stráne)
here with bed sequence from the Early to Late Triassic (Fig. C.16). Both sequences (contrary to the Silica nappe) are weakly metamorphosed.
After collapse of the Anisian carbonate platform they are represented by slope and basinal sediments only. In the slice of Slovenská skala
limestones are of grey colours, in the slice of Stráne also red Limestones of Hallstatt facies are represented.

Fig. C.16: Relation of tectonic units of IWC in vicinity
of town Jelšava.(J. Mello, 1996).

Stop 2.4: Ochtiná Aragonit cave
The area of the hill Hrádok between Jelšava, Štítnik and Ochtiná is built of the rock sequences of the Gelnica Group and the
Carboniferous, and on the southern slopes of the Permian also, which shows marine development. In this area several types of deposits occur,
which were intensively mined in the past. In the Carboniferous part of the area, a magnesit depositt lies at Ochtiná, and siderite and sideritecopper veins in the Hrádok hill area.
In the dark graphite-sericite phyllites of the Drnava Formation (Gelnica Goup), lenses of crystalline limestones (Silurian ? - lower
Devonian ?) occur, which were mostly metasomatically altered into ankerites, the later being weathered into Fe ochres at the surface. During
prospecting for iron ores, in 1954 a cave was discowered in these carbonate rocks. Its aragonite ornamentation is unique. The cave is not very
large, the length of its galleries so far known beinh about 300 m. They arose on faults along whith the ankerites weathered into iron ochres. The
latter were washed away by karst waters which dissolved the adjacent crystalline limestones and gave thus rise to free cave galleries and
chamber-like spaces. But in these spaces current forms of cave ornamentation, such an calcite stalactites and stalagmites, did not form, except
those of a particular, mostly excentric character, consisting of cryptocrystalline, microcrystalline and macrocrystalline aragonite. These are
various dentritic or shrub-like shaped formations, clusters, aggregates of crystals, sometimes drop-like forms and sinter crusts. The origin of this
chatacteristic aragonite ornamentation is interpred as due to specific geochemical and microclimatic conditions (increased Sr content in the
parent rock, presence of cave aerosol from which excentric forms may have crystallized etc.). As to the charakter of ornamentation this cave is a
unique phenomenon in the Western Carpathians, and the intricate aggregates of aragonite belong to the most beautiful in the world.

Stop 2.5: Ochtiná village - Magnesite abandoned quarry
In the abandoned quarry near the village Ochtiná the upper part of the Ochtiná Frm. is pre-served in a characteristic shaly-carbonate
facies. The locality is known by macrofauna occurring there since the time of AHLBURG (1913).
Alternating black shales, dolomitic shales, well-bedded dolomites and massive coarse-grained magnesite are interpreted as deposits of
shelf lagoons with open circulation. The pressure - temperature estimations of metamorphism according to illite crystallinity (Šucha, p.c.) and bo
- muscovites (SASSI & VOZÁROVÁ 1987) proved the lower part of green-schist facies, of low-pressure type. Most dolomites show sparite texture
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comprising pellets, intraclasts of micrite texture and bioclasts, consisting of fragments of Echinoderma, Crinoidea, Lamellibranchiata,
Foraminifera, Ostracoda, and a.o.
On the basis of trilobite fauna, the age of the formation at the locality Ochtiná was determined as Namurian B-C by BOUČEK & PŘIBYL
(1960). Index forms of trilobites: Phillipsia margaritifera Roemer, Paladin eichwaldi (Fischer). Later KOZUR & MOCK (IN KOZUR ET AL. 1976),
based on the first find of conodonts, holoturian sclerites and ostracods, classed the sediments from Ochtiná with the uppermost Visean and
Serpukhovian (Namurian A). In the lower part of the profile, conodont fauna was found: Paragnathodus commutatus (BRANSON & MEHL 1957)
and Paragnathodus nodusus (BISCHOFF 1957), in the upper part there was "Gnathodus" bilineatus bollandensis.

Stop 2.6: Slavoška – abandoned quarry
The Bôrka nappe outliers with ascertained medium/high pressure metamorphic rocks are extending in the tectonic overlier of the South
Gemeric Unit, both in the western part mainly in the area of the Nižná Slaná Depression and the eastern part at the most famous localities between
Bôrka - Hačava - Šugov villages. In the frame of a very complicated Alpine fabric the Bôrka Nappe overthrusts the Early Paleozoic basement (the
Gelnica Terrane) with its sedimentary cover (the Permian - Lower Triassic Gočaltovo Group) and it is overriden by the succession of higher nappes
(the Turňa and Silica Nappes).
The Bôrka Nappe comprises a deformed complex of metasediments and metavolcanics with very distinct foliation, crenulation cleavage and
lineation. The vhole sequence of the Bôrka Nappe consists of several lithostratigraphic units, each of which shows very specific lithological features.
The most important are the Dúbrava and Hačava Formations.
Phyllites, metasandstones, metaconglomerates with less amounts of acid metavolcanics are a part of the Jasov Formation. metarhyolites
and their metavolcanoclastics mixed with a small amount of metasandstones and metaconglomerates are the main components of the Bučina
Formation. Both formations are very probably Permian in age, what is supported by similarity of their lithologic composition to the autochtonous
southgemeric Permian deposits.
The most characteristic lithostratigraphic units of the Bôrka Nappe are however the mesozoic Dúbrava and Hačava Form. From the
base to the top they consists of gray and yellow dolomites and rauwackes white crystalline limestones, also with admixture of basic
volcanoclastics in some places and at last by horizon of metabazalts, basaltic metatuffs associated with metapelites and less thin layers of finegrained metasandstones. Geochemical data of the Bôrka Nappe metabasalts range from N-MORB tholeiites to within plate alcali basalts.
Relatively more alkaline basalts can be compared with off-axis ocean islands or seamount volcanics. The stratigraphic range of the Dúbrava
and Hačava Form. is supposed as the Middle Triassic - Upper Jurassic? (without any biostratigraphic data).
Generally, the grade of metamorphism reached PT conditions of the medium/high pressure greenschist - blueschist facies. The most
serious argument for this fact are occurences of albite-epidote glaucophanites within the Dúbrava and Hačava Formation as well as the mineral
assemblages in accompanied metasediments, mainly glaucophane + garnet + phengite and chloritoid + chlorite + phengite±paragonite.
It is inevitable to remind that there are in a very narrow association the greenschist type metabazaltic rocks with Act + Chl + Ep as a
dominant mineral assemblage together with epidote-glaucophanites. Nevertheless, this complex has a distinct lithological similarity to those part,
which comprises the glaucophanites only. For the first time the sequence was described by FUSÁN (1959) as a single lithostratigraphic unit - the
Dúbrava Beds, with completely different stratigraphical and tectonical meaning (Carboniferous of Gemeric unit).
The Alpine age of metamorphism was proved by Ar/Ar method from the eastern occurrences (fengite age - 155 Ma; MALUSKI ET AL. 1993).
We shall visit small quarry SW from village Slavoška, in which metamorphosed paleobasalt tuffs were quarried. The mineral assemblages in
the metabasalt tuffs record metamorphic conditions close to the boundary between greenschist-blueschist transition. They are characterized by the
assemblage of chlorite + albite + epidote + actinolite ± Na-Ca amphibole (winchite; VOZÁROVÁ 1993).
In the southern part of the quarry contact of metabasaltic rocks with the light crystalline limestones (?Anisian - Ladinian) is uncovered. The
veinlets of aragonite were ascertained in the crystalline limestones not for from this locality.

3RD DAY PROGRAMME
A. Vozárová, J. Ivanička, I. Broska, W. Frank, J. Hók, J. Kráľ & J. Soták

Spišsko – gemerské rudohorie Mts. – central and northern part
Paleozoicum of the Gemericum
General characteristic of Paleozoic of Gemericum see Excursion A

Stops 3.1: Podsúľová
Podsúľová: coarse-clastic sediments - base of the Vlachovo Fm. The cutting of the road from Rožňava to Spišská Nová Ves as well
as the slope below the road expose vast outcroups of coarse-grained quartzose greywackes and microconglomerates arranged in a complex of
gradationally bedded rhythms of one-or-two--metre size (Fig. la). The lithology of these flysh sediments was detailly described by Snopko
(1967). In their lower parts the rhythms contain synsedimentary intra-formation breccias which prove a submarine abrasion, the upper parts of
the rhythms are slant-sheared due to subsequent turbiditic flows (Fig. lb). These are sediments which contain detritus of cm through dm-size.
The original clayey-sandstone matrix contains fragments of dark schists, siltstones, sandstones, quartzose schists and acid volcanics. Rock
detritus is accompanied by grains of mono- and poly-crystalline quartz with sporadic occurrences of clastic mica. The fragments show chaotic
interrelationships and their amount in the matrix is strongly variable.
These mentioned deposits originated by rapid displacing of coarse clastic material and its rapid sedimentation due to submarine
gravitational slides, which suggests their likely belonging to big submarine slumping bodies in the primary stage. These bodies were repeatedly
transported within long distances towards the basin and the signs of chaotic arrangement disappeared and as a result of turbiditic flows they got
a gradational and rhythmical organization. The grains in micro-conglomerates are slightly directed which is a reflection of later tectonic
deformations rather than a primary orientation.

Stop 3.2 Súľová hill – southern slope
Súľová (acute road bend): metasandstones with intercalations of phyllites (fine-rhythmical flysch) - Vlachovo Fm. In the road-cut, in an
extended outcrop there occur medium- to fine-grained metasandstones with thin layers of phyllites. Basically, it is a complex of
epimetamorphosed sediments that belong to one single sandstone-claye lithofacies which is a transition between the underlying
metagraywackes and the overlying complex of fine peletic sediments. The rocks are rhythmically bedded with the thickness of rhythms between
10-50 cm. In the basal parts of rhythms there can be observed graded bedding while in the upper parts the rhythmicity disappears at the
expense of stratification. Petrographically, they are medium- to fine-grained quartzose greywackes and quartzose phyllites of greenish grey
colour, with blastopsammitic but mostly granoblastic and lepidogranoblastic texture. The phyllites are finely laminated quartzose-sericitic through
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sericite varieties characteristic for a clear schistose structure, mícrogranolepídoblastíc through microlepidoblastic texture and quartz, sericite
and chlorite as dominating minerals.
In the outcrop, the rocks are tectonically overworked to a high degree. It is possible to see more structural elements here.

Stop 3.3: Hnilec village
See description in Excursion A

Stop 3.4: Grajnár quarry
See description in Excursion A

Stop 3.5: Závadka village
See description in Excursion A

Stop 3.6: Nálepkovo village
See description in Excursion A

Stop 3.7: Stará Voda valley
See description in Excursion A

4TH DAY PROGRAMME
J. Mello, A. Vozárová, J. Vozár, J. Hók, M. Kohút, P. Liščák, M. Polák & P. Wagner

Northern part of Spišsko-gemerské rudohorie Mts., Branisko MTS. and Levočské vrchy
hills
Northern Gemericum, Meliaticum and Veporicum Units
Stop 4.1: Jaklovce
The type locality of the northern (Jaklovce) branch of the Meliaticum. The rocks of the Meliaticum occur here in the narrow zone of the
so called „North Gemeride syncline“ S (SW) of the Margecany Line, thus not far away from the contact of the Gemericum with the Veporicum.
The views of the position of the Meliaticum here are different. The opinion is prevalent that its position here is analogous as in the more
southern zones and/or as in the region of the western Gemericum, thus it is „sandwiched“ between the Gemericum in the substratum and the
overlying Silicicum, only with younger processes it was drawn into a narrow tectonic zone and so its remnants were protected from erosion.
Views were, however, also presented that it is a remnant of the so called northern branch of the Meliata „Ocean“ (Kozur & Mock, 1995),
where the Gemericum would be a remnant of a „microcontinent“ between both branches. The remnant after the northern Meliaticum branch
should be represented by the so called Jaklovce line (Maheľ, 1986) or Folkmar suture Zone (Kozur & Mock, lit. cit.), its definition and contoures
are, however, quite vague.
When deciding, which interpretation is closer to truth, it is also necessary to decide about the position of the Črmeľ zone and/or so
called Črmelicum – thus if it is part of the Gemericum or a particular Alpine unit comparable to the Gemericum – and Veporicum as proposed by
Kozur & Mock (lit. cit.).
It seems, however, that such a division is rather a pious wish than the reality with regard to the fact that Carboniferous conglomerates of
equal type overlap and thus link up the Rakovec and Črmeľ zone into the Gemeric unit.
As to the mode of occurrence of the Meliaticum in the neighbourhood of Jaklovce, as visible from the attached map (Fig. C.17), there
are several rigid blocks composed of Triassic carbonates, silicites and paleobasalts, to which also blocks of serpentinites are associated. These
blocks are lying in a plastic matrix-melange consisting of Jurassic shales, radiolarites, sandstones of the Meliaticum and Permian–Early Triassic
evaporites, shales and sandstones of the Gemericum and/or Silicicum.
Stop/a: cut of the road in the village
Green radiolarites of Jurassic age
Stop /b: cut of the railway siding
Red radiolarites and paleobasalts (Triassic)

Fig. C.17: Geological map of the Jaklovce Vicinity. (According to Ľ. Gaál,
1984, slightly modified). Explanations: Q u a t e r n a r y — 1. fluvial
sediments of flood plains, 2. slope loams, 3. loamy-gravel sediments of
lower terrace; S i l i c i c u m , Kurtova skala Sequence — 4. Steinalm
Limestones, Anisian, 5. Gutenstein Limestones, Early Anisian;
M e l i a t i c u m , Jaklovce Succession — 6. sandy limestones,
shales, Jurassic, 7. gray, locally marly bedded limestones with cherts,
Carnian, 8. paleobasalts, Ladinian-Carnian, 9. variegated silicites,
shales, silicified limestones, Ladinian, 10. light crystalline limestones,
Anisian, 11. gray and yellow dolomites, Early Anisian, 12. serpentinites;
G e m e r i c u m — 13. variegated micaceous shales, sandstones,
Early Triassic, 14. variegated sandstones, shales, conglomerates,
Permian, 15. rhyolithes, tuffs, Permian, 16. metaconglomerates,
sandstones, shales, Carboniferous; 17. geological boundaries; 18. faults;
19. thrust lines; 20. strike and dip of beds; 21. Excursion stops;
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From here is also a beatiful view of the abandoned Jaklovce quarry where Anisian light-coloured limestones were exploited. On the left
side of the quarry a transition to overlying formations-pelagic limestones, radiolarites and paleobasalts is exposed (Fig. C.18).
Fig. C.18: Microphoto of red radiolarite (a) and paleobasalt (b) from the
south part of the Jaklovce quarry, x40. (Photo: J. Mello)

Stop 4.2: Road cut near Margecany
Margecany shear zone forms the eastern imbricated boundary between the two megastructural units of the Alpine structure of the
Western Carpathian Internides, i.e. between the Veporicum of the Čierna hora Mts. and Gemericum.
At the Margecany road-cut it is possible to observe from the NE to SW the following lithotypes of the both mentioned units:
a) chloritic-muscovite phyllonites of gneisses belonging to the uppermost basement complex (the Bujanová one) of the Čierna hora Mts.
They are typical s-c tectonites containing lensoidal and/or veinlet quartz segregations;
b) approx. 25 m wide zone of diaphtorised garnet-amphibole gneisses and granodiorite protomylonites of the same complex;
c) medium-grained oligomict conglomerates intercalated by graphitic schists of the Upper Carboniferous Hámor Frm.
Margecany shear zone has NW - SE direction and generally moderate (50°) dip to SW. The penetrative Alpine cleavage of all lithotypes
of both mentioned units has principally this spatial position. Local differences reflect mechanical properties of particular lithotypes.
Symetrologically 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 i.c. polyphase development with thrust fault, strike-slip and normal
fault movements.

Stop 4.3: Kolínovce village
Sedimentary sequences of the uppermost part of the Petrova Hora Frm., 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 layers of dolomite claystones. Frequent are
carbonate and chlorite concretions. Carbonate layers of variable thickness are light-pink or grey-pink and mineralogically correspond to dolomites,
dolomite limestones partly enriched with Mn.
The shale sequence originated in playa environment. Sporadical thin layers of light-green rhyolitic tuffs are interpreted as episodic subaerial
volcanic activity. Parallel-layered thin patches of sandstones reflect a regime of low-energy streamflows, which existed immediately in front of the
alluvial fan. In several levels, asymetrical wave ripples are cropping out. Relatively well developed stratification is disturbed by cleavage and several
generation of tension fractures.
The uppermost shale member of the Petrova Hora Formation is overlain by basal, coarse-grained sediments of the Novoveská Huta Frm.

Stop 4.4: Spiš Castle, Spiš Castle Rock and travertine mound Dreveník
Fig. C.19: Tilted travertine blocks at the
rim of Dreveník. Photo P. Liščák

The Spiš Castle is situated near the Spišské Podhradie
Village in the Hornádska kotlina Basin in Eastern Slovakia. It was built
on one of several travertine mounds, which protrude from the Inner
Carpathian Paleogene flysch rocks (Dreveník, Ostrý vrch, Sobotisko,
Pažica, Spiš Castle Rock). The castle itself belongs to the most
extensive Central European medieval castles and it is a compound of
the World Cultural and Historical Heritage (UNESCO).
The Popradská kotlina Basin, which is a part of the above
Hornádska Basin, developed as an inversion depression on anticline
of flysch complex. Travertine mounds are dated back from Pliocene to
Pleistocene, even to Holocene (Sivá Brada) and they originated by
precipitation of CaCO3 from mineral waters surging along tectonic
faults. The travertine mound of the Spiš castle is dated back to the
end of Pliocene, the uppermost layers according LOŽEK (IN MALGOT, 1993) originated in the Early Pleistocene. The thickness of the largest
mound Dreveník reaches 40 m.
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The subgrade of the travertine bodies is built of Palaeogene flysch complex of sandstones and claystones alternating at the ratio 2:1.
o
The bedding is almost horizontal (5-10 ) towards SW and SWS.
Because of their incompetent subsoil, travertine bodies are extremely disintegrated into blocks (Fig. C.19). This disintegration took place
by gravitational subsurface creep movements of rigid travertine blocks upon plastic basement, combined with bulging (Fig. C.20). In the central
part of mounds, mostly vertical movements occurred, towards the rim of the Dreveník mound the portion of horizontal movements increased.
Also the width of fissures increase towards the rim of mound, most of them are open, up to 40 m deep and several m wide (NEMČOK 1982). The
same processes occurred also on the Spiš Castle travertine mound. The largest crack of 0,5 to 1,6 m width (MALGOT 1993) divides the mound in
the central part of the castle and also the so-called Dark Cave originated on this joint. Several such joints are not only observable in the rock
massif itself, but they had also distinct influence on the walls of the castle. Due to slow incline, sink and slide of separated travertine blocks upon
the plastic subgrade, the castle walls found on these blocks failed, separated and shifted down the slope.
In order to observe the recent development of the creep movements, 3 TM-71 mechanical-optical dilatometers were installed inside the
cracks (FUSSGÄNGER IN MALGOT 1993). The measurements gave the values of 0,1 mm to 1,13mm per year to whereas horizontal shift combined
with simultaneous lift was observed. This corresponds also to historical data of the construction of the central upper parts of the castle, which
took place in 1249-1270, where the width of the crack corresponds to the mean block movement of 1,03 mm/year within the period of 720 years
(MALGOT 1993). Similar results obtained also Vlčko, J., Petro, Ľ., Bašková, L. and Polaščinová by measurements performed within the project
Monitoring of geological factors of the environment of the Slovak Republic (KLUKANOVÁ, in press).

Fig.C.20: Cross-section through Dreveník (from Malgot, 1993): 1 – sandstones and claystones of the Inner Carpathian Palaeogene, 2 – blocks of
sandstones and travertines in the block field zone, 3 – travertine blocks, 4 – loamy-stony debris
Today it is practically impossible to find any appropriate corrective measures to stop the movement of blocks underlying these valuable
historical objects. The sufficient correction is possible only at those parts of the castle, which are founded solely on separated travertine blocks.
From the utilised methods of stabilising the objects we can mention strengthening of walls by grouting, shallow anchoring and surface grouting.

Stop 4.5: Branisko settlement, outcrop at road tunnel ventilator.
In this old road outcrop near the ventilator from the road tunnel we see weathered exposure of partially melted tonalitic gneisses typical
representative of the Patria amphibolite – gneissic (greenstone) complex. It is considered that these rocks represent analogues of TTG gneisses
resulting from anatectic melting of old greenstone lithologies. (However, fresh samples can be collected from macadam gravel´s excavated from
this road´s tunnel).
Geological setting
The Branisko Mts. is characterised by extraordinary structure, consisting of two principal units of the Central Western Carpathians
(CWC). Northern part of mountain range – Smrekovica massif with typical fabric of Mountains belongs to the Tatricum (POLÁK ET AL. 1996),
according definition VOZÁROVÁ & VOZÁR (1988, 1996) to the Northern Veporicum, whereas Southern part – Sľubica massif is representing the
Southern Veporicum of the CWC. The Smrekovica massif is composed by crystalline core, Permian and Scythian sedimentary cover and
extensive Choč nappe with huge dolomite complex, showing carst phenomenon. The crystalline core is built by so called Patria complex
consisting of magmatic rocks e.g. amphibole-biotite granodiorite to tonalite and biotite (± muscovite-biotite) granite to granodiorite, amphibolites
and partly melted – migmatitized high-grade gneissic rocks e.g. biotite gneisses and tonalitic gneisses. There have been described various
metapelitic gneisses e.g. garnet – biotite, garnet – biotite – sillimanite and/or garnet – biotite – kyanite gneisses with typical assemblage Grt + Bt
+ Kfs + Pl ± Sil/Ky (Vozárová, 1993). Amphibolitic rocks shown variegated association as well as e.g. biotite amphibolite, garnet amphibolite and
garnet-free hornblende-rich amphibolite. However, there were identified intimate relations between amphibolites and biotite amphibole (tonalitic)
gneisses within road gallery and this gneiss – amphibolitic complex show partial melting – anatectic overprint.
Petrography
The rocks seeing in outcrop have typical “banded fabric” where dark gneissic band is composed of amphibole, plagioclase, biotite,
quartz and accessory mineral assemblage - zircon, apatite, ilmenite, epidote, titanite and/or ore minerals, whereas pale band is composed
mostly by plagioclase and quartz. Plagioclase is dominating (up to 45 vol. %), generally is an- to subhedral with An=30–45 in cores, and An=8–
20 at rims. Hornblende (up to 35 vol. %) is eu- to subhedral, magnesio-hornblende in composition with Si content ranging 6.7 – 7.1a./f.u. and
XMg = 0.59 – 0.65. Biotite is abundant (10 – 15 vol. %), Mg-rich (Mg# 60 – 61) and with relatively low Ti values (0.22 – 0.24). Pale bands
represent typical trondhjemitic melt segregation (Fig. C.21).
Fig. C.21: Typical structure of banded tonalitic gneiss, palebands represent new trondhjemitic melt.

Geochemistry
The composition of tonalitic gneisses is metaluminous (SiO2 = 59 – 62 wt.%), A/CNK = 0.85 – 0,9, with CaO > 5.0 wt. %, TiO2 = 0.4 –
0.6 wt. %, and MgO > 4.0 wt. %, low in Ba (270 – 320 ppm) and Sr (170 – 280 ppm). Generally moderate REE contents (with REE ~ 150 ppm)
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moderate Eu anomaly and moderate LaN/YbN (8 – 10), but slightly enriched HREE indicate rather non-evolved rock. Low Rb/Sr (0.2 – 0.3) ratios,
18
34
O(SMOW) = 7.8‰ and
S(CDT) = -0.11‰ call for lower crustal origin. Contrary
and ISr ratio = 0.7055 together with low values of stable isotopes
to these, trondhjemitic bands display high silica contents (70 – 72 wt.%) and subaluminous character with A/CNK = 0.95 – 0.98 due to low Al2O3
< 14.5 wt.% and rather high CaO = 3.5 – 4.1 wt.% along with moderate alkalies values NA2O + K2O < 5.5 wt.%. Similarly low Ba content < 300
ppm, Sr < 270 ppm, Rb < 60 ppm, low Rb/Sr = 0.18 – 0.25, and low REE ~ 70 ppm with rather high LaN/YbN = 19 – 22 (Fig. C.22) and low
18
O(SMOW) = 8.9‰ suggest for lower crustal dehydration melting.
Fig. C.22: Chondrite normalised pattern of tonalitic gneiss and trondhjemitic melt from the
Branisko Mts.

Age and geotectonic significance:
There is general lack of any modern isotope dating from the crystalline basement of the Branisko Mts. The only relevant datum is
40
40
K/ Ar cooling age of muscovite from muscovite-biotite granodiorite with age 346 ±5 Ma (KANTOR IN MIKO ET AL. 1986). Indeed granite rocks
come from borehole Šariš-1, representing crystalline background of the Central Carpathians Paleogene Basin, 15 km northerly from this area.
There is no doubt that widespread granitisation occurred during Meso-Hercynian period in the CWC in the consequence of collisional tectonic.
However, without precise U-P zircon dating we are not able to determine if this partial melting of tonalitic gneisses resulted due to Hercynian (as
suggest voluminous granites) or older Caledonian? subductional & collisional processes alike in Norwegian.
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Stop 4.6: Branisko Mts., Speedway tunnel Branisko
General information on preparation and construction of the work
When also various intentions for building of a tunnel below the Branisko massif date back already to the 40-ies of the last century, these
considerations acquired a real shape at the beginning of the 90-ies only when 7 variants of leading the tunnel route were worked out. At the
beginning the exploration was concentrated to 4 variants of route leading in the southern part of the territory (POMORSKÝ & NOVOTNÝ 1992),
which was considered as optimum for its less length. From the results of exploration, however, the danger of passing through a significant
hydrogeological structure became evident. Following multicriterial revaluation of other variants of the tunnel route, contemporaneously regarding
environmental criteria, resulted in the final decision about realization of the northernmost (and also longest) variant.
In the environment of the crystalline massif and its envelope, very complicated lithologically and structurally, however, it was not
possible to extrapolate the results of exploration of the southern routes, because the line of carried out exploratory workings was at a distance
minimally 500 m from the selected definitive route. Therefore exploration of the selected route was not carried out in sufficient time in advance
and was practically realized (6 boreholes to the depth of the projected tunnel route) at the same time with driving of the exploratory drift
(BOHYNÍK et al. 1998).
The exploratory drift (of total length 4840.90 m) was driven in the time from April 8, 1996 to December 19, 1997, advancing in direction
from the western mouth by explosive method (section of length 2544.5) and from the eastern mouth after driving of 110 m the tunnelling
machine WIRTH was employed, which drove a section of the drift 2186.4 m long.
2
The own tunnel (with cross section from 83.2 to 102.7 m ) was driven south of the exploratory drift route at a distance of about 40 m.
Driving works on the own tunnel pipe started from the western mouth on May 23, 1997. Roughly with a delay of one month, on Júne 29, 1997
also works began from the eastern mouth. After 26 months, in August 1999, driving of the southern tunnel pipe was finished. The average rate
of driving calculated for the whole length of the tunnel and its full profile atttained the value of 190 metres in a month.
Survey of geological structure
The fundamental features of the geological environment, in which the speedway tunnel had to be realized, were generally known from
regional geological point of view – the Branisko Mts. belong to the Core mountains with characteristic structure (the core is formed by
complexes of crystalline schists and granitoids covered by a mantle of younger Paleozoic and Mesozoic sedimentary rocks). The only significant
difference in the frame of the arc of the Core mountains of the Western Carpathians was the fact that the distinct ridge of the Branisko Mts. is of
dominant N–S orientation (length 18 to 20 km, width 4 to 6 km at an altitude of 800 to 1250 m a s.l.), contrary to E–W morphological setting of
other Core mountains. This fact indicated that it is necessary to assume a complicated tectonic structure of the mountain range and its contact
with younger geological formations (POLÁK ET AL. 1996).
The existing knowledge on the structure of the rock massif was confirmed and refined by the results of geological mapping, evaluation
of exploratory wells and in the first place of detailed documentation of the exploratory drfit. It was evident from these results that in the structure
of the Branisko Mts. in the studied part of the rock massif crystalline rocks, Late Paleozoic (Permian), Mesozoic (Triassic and Jurassic) and
Paleogene rocks take part.
In the frame of the crystalline complex rocks of the gneissose – amphibolic (volcanic-sedimentary) complex occur, which are
migmatized (granitized) to various grade, locally also even hybrid granitoids are found. In places the rocks are intensely affected by tectonic
deformation to mylonitized. In the frame of the studied part of the massif the following rock complexes were distinguished:
– Biotite-amphibolic to amphibole-biotitic gneisses, which are the dominant rock type in the tunnel axis. Essentially there are so called
“not genuine amphibolites“, dark-grey, fine to medium-grained with directed structure. In mineral composition amphibole, plagioclase, quartz and
biotite take part. The contents of these constituents are, however, considerably varying.
– Biotitic and garnet-biotitic “geniune“ amphibolites – there are rocks macroscopically similar to the preceding, type however, of
directionless structure, with prevalence of amphibole in mineral composition and occurrence of quartz in accessory amount only.
– Quartz gneisses, which are found locally and form a complementary constituent of the gneiss-amphibolic complex with prevalence of
quartzitic material.
– Migmatized biotitic paragneisses to migmatites, forming transition from gneisses to hybrid granitoids. There are medium - to coarse grained banded rocks with variable share of quartz-feldspar material.
– Hybrid muscovite-biotitic granitoids, light-grey, medium to coarse-grained, with directionless grained structure. In their composition
they correspond to granodiorites to monzogranites.
In the frame of the Late Paleozoic (Permian) the dominant lithostratigraphical unit in the area under study is the Korytná Formation. In
stratigraphy, it is ranged to the Late Permian. In lithology, the Korytná Formation consists of conglomerates, sandstones and sandy shales,
ordered into small cycles 5 to 15 m thick. Thickness of the Korytná Formation is estimated maximally to 150 m.
With regard to the fact that Mesozoic rocks are not found in the tunnel route, we mention them only briefly. Directly overlying the
Korytná Formation, the Early Triassic Lúžna Formation is found, formed by coarse-grained quartzites and sandstones. It is overlain by a
formation of shales and sandstones of little thickness (Campilian beds). The Gutenstein beds (Anisian) were identified in form of lenticles only.
The lithostratigraphical unit of widest area, however, are the Ramsau Dolomites (Ladinian). They are overlain by the Lunz beds (Early Carnian –
Julian), formed by mani-coloured shales and sandstones. The Hauptdolomit (Late Carnian) is overlying the Lunz beds and the Carpathian
Keuper (Norian), formed prevailingly by red and violet shales, occurs in form of several lenticles only. It is overlain by black, weakly marly
limestones, probably belonging to the uppermost Triassic (Rhaetian). The basal parts of the Jurassic formation are formed by dark, crinoidal
limestones, predominately layered. They are overlain by dark-grey limestones, alternating with grey, weakly marly shales (Fleckenmergel).
Above this formation are grey and pink, massive radiolarian limestones (probably Dogger). The thin upper part of the formation is formed by
limestones of the same character, however, distinctly lighter-coloured, with transition to white marmorized varieties (probably Malm).
Paleogene sediments in the Branisko Mts. may be ranged to several formations:
– the Borové Formation (Late Eocene – Early Oligocene) crops out near the eastern mouth. It is prevailingly formed by fine-grained
sandstones and siltstones.
– the Huty Formation (Late Eocene – Early Oligocene) represents a subflysch lithofacies with distinct prevalence of claystones over
siltstones and sandstones. The formation occurs in the area of the western tunnel mouth.
– the Zuberec Formation (Oligocene) is represented by the wildflysch facies with prevalence of sandstones over conglomerates,
siltstones and claystones (POLÁK ET AL. 1996).
Most distinct manifestations of tectonic disturbing of the rock environment are found just at the contact of the Core mountains with the
sedimentary complex of Paleogene age. Concerned are fault systems of regional character – the so called Poľanov Fault System of N–S
direction at the western margin of the mountain range and the Šindliar Fault System at its eastern margin. Whereas the system of the Poľanov
Faults is almost vertical in the northern part of the Branisko Mts., in the area of the western mouth it is dlipping north. The Šindliar Faults are
o
distinctly dipping west to northwest 60 to 70 . Mesozoic and Late Paleozoic formations form a monoclinal megastructure in E-W direction. The
whole rock complex is intensely folded, affected by dynamic metamorphism and disturbed by further fault systems (distinct is the Kluknava Fault
System of NW-SE direction, running through the Svinka valley).
In shaping of the tectonic structure of the Branisko Mts. Variscan and Alpine tectonic processes took part. The total character of the
territory formed further in the Neoalpine and Paleogene stage of deformation when distinct fault lines of N-S, NW-SE and NE-SW directions
originated, as a consequence of which the territory was distinctly segmented into several blocks.
Engineering-geological and geotechnical problems of construction of the works
As results from the preceding description, the route of the exploratory drift and own tunnel passes through Paleogene (8.9 % of total
length), Permian (20.17 % and crystalline (70.93 %) rocks. Greatest problems in driving of the exploratory drift were shown in the environment
of Paleogene claystones. Claystones from the side of the western mouth were in places of the character of pressurizing, flowing clays, requiring
application of not traditional driving technologies. The situation, in addition, was complicated by intense inflow of water (in stationing 95 m from
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the western mouth up to 4.5 l.s ), which, however, after passing into the environment of Permian arcoses gradually lowered. On the contrary,
against some expectations the route of the drift did not cross layers of Mesozoic rocks and its major part (3433,9 m) was driven relatively
without problems in granitoid rocks. Incontestably, relatively unexpected was the fact that the exploratory drift at a considerable section of length
was situated at the level of the uneven, but generally subhorizontal contact of Permian sedimentary rocks and rocks of the crystalline core.
For a complex documentation of the character and state of the rock environment a system of gathering information into a documentation
sheet was created, which served as a basis for representation and evaluation of whole sections. With purposeful evaluation of the quality of rock
environment sorting according to ÖNORM B 2203 and according to the classification system QTS at whole length of the exploratory drift was
used (BOHYNÍK & WAGNER 1997, 1999).
After driving through of the exploratory drift the voluminous information on the state of the rock environment (dided into 106 sections
quasi homogenous from engineering-geological point of view) had to be gradually simplified so that it could be used in the project proposal of
realization of the own tunnel. In accordance with the requirements of the projector five geotechnical environments were distinguished in the drift
route, each of which was characterized by the values of physical and mechanical properties (regadless of the geological competence of the
distinguished section). When also such simplification can bring forth some objections, it set out from detailed knowledge of the state of the rock
environment and transformation of this knowledge for direct practical application.
The composition and state of the rock environment, demonstrated by the drift, formed the basic information in the proposal of tunnel
realization. No more significant controversies between the facts established in the drift and in driving of the tunnel have been proved. From
practical point of view it should be stressed that owing to driving of the drift conditions of own tunnel driving have improved significantly. Driving
through of the introductory drift section from the western mouth namely has made flowing off statical water reserves from the heterogeneous
environment of Paleogene claystones and sandstones and Permian sediments possible. When also this fact has made realization of the drift
very much complicated, in driving of the own tunnel the massif was essentially dry. Moreover, the drift has become a part of the tunnel
construction as safety escape way and in the course of tunnel driving was often a suitable communication branch of engineering networks.
The Branisko tunnel, in a certain sense, has beccome a symbol of the beginning stage of speedway tunnels constructions in Slovakia
and the experience from its preparation and realization in full extent was useful in preparation of engineering works of this character at further
localities.

5TH DAY PROGRAMME
J. Janočko, M. Polák, M. Potfaj, Ľ. Sliva & M. Rakús

The Tatry Mts., Levočské vrchy Hills and Pieniny Klippen Belt
Structure of the Tatry region
As based on the geographic division, the Tatry region comprises the two subregions: Western and Eastern Tatry. The Tatry consists of
the Vysoké Tatry, Belianske Tatry, Roháče and Czerwone Wierchy, Kominy Tylkowe Mountains in Slovakia and Poland, respectively. The
presented 1:50.000 map of the Tatry region also includes parts of the Spiš Magura, Podhale, Skorušina Mts., Choč Mts. and northern parts of
the Liptov and Poprad depressions.
The Tatry region is drained by the Dunajec and Poprad rivers Flowing to the Baltic Sea, and the Váh and Orava rivers flowing to the
Black Sea.
The Tatry is a relatively highly elevated block, almost completely lined by overlying sediments of the Central Carpathian Palaeogene
Basin. Southern and central parts of this block are formed by the outcropping crystalline rocks of the pre-Mesozoic basement. Western, northern
and north-eastern parts are covered by the Mesozoic sediments. Scarce Mesozoic outcrops are present inside the Palaeogene and Quaternary
sediments, to the south of the Tatry block.
The structure of the Tatry region described below has been implied from the study of the distinct strike-slip fault and thrust systems, and
the lithostratigraphic analyse.
The lowermost structural unit incorporated in the Tatry block is called the Tatricum. It is formed by the crystalline basement and
Permian-Mesozoic sequences. The basement prevailingly consists of the granitoids in the Východné Tatry Mts., while the granitoids and
metamorphic rocks form the Západné Tatry Mts. The basement comprises several tectonic slices made by both the Alpine and pre-Alpine
events.
The lowermost basement unit, mapped in the outcrops, is formed by a complex of mica schists and gneisses, overlaid by granitoids and
migmatites in the southern part of the Západné Tatry Mts. Mica schists to two-mica gneisses were originally pelites with psamitic horizons,
prevailingly with the increased quartz content. These sediments were deposited as a flysch sequence. The same fact is also documented by
their rhytmic structure recognized in some of the outcrops. The described metasediments include palynomorphs determined to be of the Lower
Palaeozoic age (ČORNÁ & KAMENICKÝ 1976, PLANDEROVÁ ET AL. 1990).
The upper basement unit of the Tatricum is formed by a complex of granitoids (granodiorites to tonalites), underlaid and overlaid by the
migmatites and amphibolites, occasionally by migmatised gneisses. Granitoids of the Vysoké Tatry Mts. are presumed occupy the same
structural position as the upper complexes of the Západné Tatry Mts. The cover of the granitoid intrusion consists of the metamorphic rocks. It
outcrops as the overburden of a intrusion in the surroundings of the Rákoň, Volovec, Ježová, Bystrá, Kamenistá, Smrečiny, Veľká Kopa and
Krížny. Migmatites commonly form a distinct contact zone next to the granitoid intrusion. Amphibolites were originally basic intrusive and
effusive rocks with related pyroclastics.
The leucocratic granitoids with frequent gneiss xenolites with their gneiss-amphibolitic cover have been mapped as a separate unit, a
position of which is not obvious yet. A potentia explanation is that this unit is either the uppermost basement unit or a laterally transient one. A
later option would rule out the opinion that this unit is a separate one. This unit outcrops together with its Mesozoic cover in the northern part of
the Tatry Mts. A Mesozoic cover overlying the other type of the granitoids is present only along the western margin of the Tatry Mts. There is no
evidence about its presence directly on the mica schist/gneiss complex. As based on its position, a slice of the Goryczkowa type granitoids was
determined to belong to this separate (leucocratic granitoid-gneiss-amphibolite) unit.
The Mesozoic Tatric sequence onlaps on its basement in some outcrops. A Mesozoic sequence in this position was mapped as the
autochtonous Tatric cover (i.e. Tomanová sequence). The autochtonous Tomanová sequence forms a kore or less continous belt between the
Osobitá to the west and Stežky to the east. Its maximum thickness (about 2000 m) is present in the area of the Kominy Tylkowe. Remaining
Mesozoic sequences: Czerwone Wierchy, Giewont, and a few other basement involving units, present in the Javorinská Široká form separate
nappes, nappe duplexes and thrust slices. The oldest formation of the Tatric Mesozoic sequences is the Koperšady (Meďodoly) conglomerate
which is believed to have started its deposition already in Permian. This formation is locally present on a crest of the Jahňací štít next to the
Kopské sedlo and on the NE slope of the Bobrovec Valley. Clasts to blocks involve slightly reworked granites which are commonly present in
the Vysoké Tatry Mts. Younger Mesozoic formations consists of various limestones, dolomites, marls and sandstones. Abundant fossils
(pelecypods, brachiopods, ammonites, crinoids, foraminifers etc.) prove their deposition in the marine environment. However, there are some
exceptions. Shallow marine even continental sediments are present in the sequences. E.g., the Tomanov formation in the Tichá Valley has its
continental origin proved by the occurrence of the tracks of Coelurosauriichnus tatricus on the bedding planes (MICHALÍK ET AL. 1976). It is a
characteristic for the Tatric Mesozoic sequences that there is a Triassic/Liassic unconformity caused by the break of deposition.
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The Tatricum is overlaid by the Fatricum. The Fatricum is represented in the Tatry region by a very complicated nappe structure - Krížna
nappe (plaszczowina reglowa dolna) which only consists of the Mesozoic cover ranging in age from the Lower Triassic to Lower Cretaceous. It
was thrust over the "autochtonous" and "subautochtonous" Tatric units. Unlike the Tatric Mesozoic sequences, there is no evidence about the
break of deposition. The other characteristic feature of the Krížna nappe is an abundance of the Keuper red shales and sandstones of Late
Triassic age. A complicate structure of the Krížna nappe can be seen: on the western slopes of the Tatry Mts. between the Liptov Depression
and Oravice, in the Zakopane Hills and in the Belianske Tatry Mts. Small-scale nappes, thrust slices and duplexes outcrop either as whole
geographic areas, e.g. Malá Kopa, Huňová, Bobrovec sub-nappe, or as parts of geographic areas, e.g. Suchy Wierch, Havran and Bujačí subnappes etc. The Krížna nappe outcrops also in the erosional windows inside the Liptov Depression Palaeogene sediments, together with
formations belonging to the overlying Choč nappe.
The Choč nappe represents the upper unit called Hronicum, which overlies the Fatricum. Its Mesozoic sequences outcrop at the
western end of the Tatry Mts. in the Skorušiná - Choč Mts. They form here either tectonic remnants (Opálenica, Ostrá) or continuous outcrops
(Holica crest, Sivý vrch). The Choč nappe also occurs in a form of the two sub-nappes. This structure outcrops in the area to the east of
Oravice, between Bobrovec and Lejova Valleys. Lower sub-nappe, called Siwa Woda nappe, is formed by several slices. They comprise mostly
Main dolomite and Norovica formation (Cisowa Turňa) and Lower Jurassic sandstones to the less extent. Upper sub-nappe (Furkaška Koryčiská) consists of the Wetterstein dolomite. Mentioned two sub-nappes of the Choč nappe mainly consists of the Jurassic formation in the
areas further to the east. There are Úplaz and Konczysta-Brama Kantak slices, which are the easternmost occurrences of the Hronicum in the
map of the Tatry region.
The Upper Cretaceous - Lower Eocene sediments are missing in the Tatry region. It is presumed that the erosion of the Palaeoalpine
structures took place during this time period. A presence of the outcrop with Eocene transgressive sediments overlying directly the crystalline
basement in the Západné Košariská area indicates how intensive this erosion was. It is believed that the erosion took place during the whole
Late Cretaceous - Early Paleogene time period.
The Late Cretaceous compression was progressively replaced by an extension during the Eocene, resulting in the overall subsidence of
the area and the origin of the catchment area for the deposition in the Central Carpathian Palaeogene Basin. Deposition started by the MiddleLate Eocene transgression. Basal litofacies, the Borove formation, overlaid a variably eroded relief. It consists of the conglomerate, breccia,
numulitic limestone and dolomitic sandstone with numulites. Thickness of the conglomerate and breccia varies. The basal lithofacies outcrops:
in the Orava area; on the northern slopes of the Tatry Mts., to the south of Zakopane; in the Belianske Tatry Mts. and in the Liptov Depression,
lining the scare Mesozoic outcrops. The Eocene carbonate platform subsided at the end of the Eocene and the deposition continued as
characterized by a robust input of the terrigeneous material during the Late Eocene - Oligocene. Basinal facies consists of euxinic shales
(menilitic shale) and turbiditic sediments.
The uplift of the Tatry Mts. is assumed to take place from the Oligocene - Early Neogene. The Pleistocene glaciation formed the Alpine
character of the Tatry Mountains region. Quaternary sediments of the Tatry Mts. and its foothills consists of the glacial, glaciofluvial, fluvial and
proluvial sediment accumulations. Gravitational slope deposits are also abundant.

Stop 5.1: Ždiar (about 3 km NW of the village Ždiar)
In the cut of the major road on the right side in direction from Tatranská kotlina to Ždiar the formation of the Carpathian Keuper, Norian
in age, of the Krížna nappe (Bujačí nappe) is uncovered.
The formation is formed by variegated (red, violet and green) claystones with frequent intercalations of greyishyellow and yellowish
dolomites and sporadically pink, light-grey fine grained sandstones to quartz sandstones. The claystones are formed by clay minerals, mainly
illite smektite, more rarely by chlorite types.
The second mostly wide-spread component are the Keuper dolomites, characteristic by bedding and yellowish patina. The dolomites
are formed by fine grained carbonate substance, almost without organic remains (sporadical ostracodes). In dolomites sporadical nodules of red
silicites are found, the only case in the Carpathian Keuper so far. MIŠÍK (1984) mentioned the following chemical composition of Keuper
dolomites and red silicite nodules:
Dolomites: Co, Zr
Silicites: Co,Ga, W, Be (contents in traces)
(MIŠÍK l.c. supposed a probably hydrothermal origin of these silicate nodules).
In general the formations of the Carpathian Keuper are in the Western Carpathians a characteristic lithostratigraphical unit of the Upper
Triassic – Norian. Genetically there is a terrestrial lagoonal formation, often with evaporites (gypsum, anhydrite – only in boreholes, FG-1 about
250 m).
The formations of the Carpathian Keuper are a characteristic lithostratigraphical unit in the Krížna nappe, in the Tatricum and
sedimentary sequences of the Veporicum. In the individual tectonic units its development is different. In the Tatricum besides variegated clayey
shales the most frequent component is formed by quartzites, quartz conglomerates, which are characteristically developed in envelope
sequences of the Malá Fatra and Veľká Fatra Mts., in the Nízke Tatry Mts.
In the Krížna nappe claystones with frequent intercalations of dolomites are predominating, sandstones are rare. A similar composition
is in sedimentary sequences of the Northern Veporicum where, however, the formation is distinctly dynamically metamorphosed.
In the Choč nappe (Hronicum), which is of more southern paleogeographical provenance, the Carpathian Keuper is represented by
Hauptdolomit.

Stop 5.2: Ždiar
The thick sedimentary succession in the northern, Spišská Magura part of the Central-Carpathian Paleogene Basin, records deposition
from initial transgression to deep marine sedimentation during the Paleogene. The lowermost, Borové Formation (Late Eocene) prevailingly
consists of coarse-grained deposits reflecting deposition in fan-deltaic and shallow-marine environment. The formation is overlain by mudstones
containing sandstone and conglomeratic interlayers which are defined as Huty Formation having Late Eocene - Early Oligocene age. The
uppermost Paleogene deposits in this region are represented by Oligocene Zuberec Formation composed of alternating sandstones and
mudstones.
Tokáreň conglomerates, exposed along both sides of the Biela river valley, are a part of the Huty Formation, age Late Eocene.. They fill
a canyon incised into underlying mudstones of Huty Formation, coarse-grained deposits of Borové Formation and Mesozoic basement. The
maximum incision is about 60 m. The deposits consists of conglomerates and sandstones. The conglomerates are mostly clast-supported,
massive, normally and inversely graded. Occasionally they also are crudely cross bedded. The composition of angular and subrounded clasts
varies. Some beds are composed of exclusively carbonate clasts, however, beds composed of carbonate, shale, quartz and crystalline clasts
may also be found. Typical is occurrence of sandstone, mudstone and numullitic limestone clasts suggesting their redeposition from the
underlying Paleogene deposits. The clasts contain Nummulites cf. brongniarti D'ARCH et HAIME and Nummulites puschi D'ARCHIAC
sugggesting the upper part of the Middle Eocene (P14 nanoplankton zone). The clast diameter varies from a few centimeters to one meter.
The beds are thick up to 2 m. In the lower part of the succession they are often amalgamated and form several meters thick layers.
Commonly, they are sharply based. The conglomerate beds are occasionally alternating with sandstones. The sandstones are parallel and
cross laminated, occasionally normally graded. They often show water-escape structures.
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Tokáreň conglomerates represent fill of a canyon which is a part of turbidite system in the basin. Strong incision was caused by fall of
relative sea level. The petrography of clasts suggests multiple source areas of the deposits. Prevailingly massive conglomerates probably
originated by debris flows. A better organization of some beds point to transformation of debris flows into high-density turbidites.

Stop 5.3: Geology of the Haligovce klippe
The Haligovce klippe, which is situated in close neighbourhood of the village Haligovce, forms a distinct morphological dominant at the
southern margin of the Pieniny Mts. between Červený Kláštor and Veľký Lipnik. The position at the southern margin of the Pieniny Mts., typical
of which are just the klippen successions, has caused, as it seems, that this klippe was considered as its integral part in the past (BIRKENMAJER,
1959, 1977). It is, however, necessary to remark, that also an opposite view was expressed, which put this klippe into connection with the High
Tatric Belt (NOWAK 1927 and ANDRUSOV 1934).
When also from historical point of view the Haligovce klippe had been already known in the last century, it awoke more attention only in
the twentieth owing to the works of Polish geologists (HORWITZ & RABOWSKI 1929), who brought the first information on its stratigraphy. In the
60-ies to 70-ies stratigraphy of the klippe was studied by KOTAŇSKI (1963, 1976) as well as MATĚJKA ET AL. (1963). Lately RAKÚS & POTFAJ (IN
JANOČKO ET AL. 2002) were dealing with geology of the klippe and its surroundings within the region Spišská Magura.
Lithostratigraphy of the Haligovce klippe
Mesozoic members of the Haligovce Group are found at two occurrences of not a large area, the proper Haligovce klippe and Biela
skala. Both these occurrences form morphological dominants as: Michalová skala (elev. p. 871,5 m), Aksamitka (elev. p. 823,5 m) and Hrubá
skala (elev. p. 816,1 m). The Haligovce klippe, on the contary to the own Pieniny klippes, is, however, extremely tectonized with distinct
cleavage, which often wipes out original bedding as well as formation of new minerals (neofomational feldspars quartz).
Carbonate members of the Haligovce klippe are segmented into blocks and tectonic slices – klippen, surrounded by Late Cretaceous
and Paleogene flysch sequences (Haligovce type of the Paleogene MATĚJKA ET AL. 1963). The contacts betveen the surrouding flysch and
klippe itself are tectonic, the horizontal component of movement is dominant.
On the basis of present-day knowledge the Haligovce klippe may be divided into the following lithostratigraphical units.
a) As the oldest known member are found: grey to dark-grey, in places dolomitic limestones (Gutenstein Lms.); Middle
Triassic – Anisian
They are only found in the western part of the klippe where they form rock walls. They are grey massive to thick-layered, sometimes
platy, more or less dolomitized limestones of dolosparite microfacies. Sporadically (Biela skala) small nodules of cherts occur. In the upper part
of the complex is a layer of grey grained dolomites. We estimate total thickness to 200 m.
b) grey dolomites; Middle Triassic
There is a small occurrence – tectonic lenticle at the southern magin of the klippe near an east-west striking right-sided fault at the
contact of the Inner Carpathian Paleogene with the klippe.
c) light-grey coarse-crinoidal limestones; Early Liassic (? Hettangian – Sinemurian)
These limestones are resting on Middle Triassic limestones transgressively. Directly at the contact a thin layer (up to 30 cm) of
carbonate breccias is found, the angular clasts of dolomitic limestones are cemented by crinoidal biosparites. Overlying are light-grey layered
crinoidal limestones (crinoidal biomicrites), in which besides crinoid ossicles were found: Ophthalmidium sp., Lenticulina sp., Nodosaria sp.,
Globochaete alpina LOMBARD, Gemeridella minuta BORZA et MIŠÍK, echinoid spines and “filamenta“. Towards overlying parts the limestones
pass into crinoidal sparites. From these limestones is probably the find of Avicula (Oxytoma) inequivalis WAAGEN (cf. HORWITZ & RABOWSKI
1929:112), which would confirm a Sinemurian age. Thicknessis approximately 20–30 m.
d) grey-massive°–°thick-layered organogene-oolitic limestones; Early/Middle Liassic (Lotharingian – Pliensbachian)
They are overlying the crinoidal limestones in the central part of the klippe, east of Michalová skala. Whereas the lower parts are rather
light-grey, the upper, vice versa, are darker. HORWITZ & RABOWSKI (1929:113) mention from these limestones Atractites sp and Nannobellus
acutus (MILL.), which would indicate the Lotharingian.
The higher parts become dar-grey even pass into dark-grey limestones, from which HORWITZ & RABOWSKI (op. cit.:113) mention the
following association of fossils: Terebratula punctata SOW., Rhynchonella cf. flabellum MGH., Rh. parvirostris RÖM., Spiriferina sp., Avicula sp.,
? Cardinia sp., Pleuromya sp., Plicatula (Harpax) parkinsoni BRONN and Pseudomonotis substriata ZIET. This association points to a
Lotharingian – Carixian age. We estimate thickness to 180 m. These limestones are correlable with the Smytno Limestones of the High Tatric
succession (LEFELD ET AL. 1985).
e) grey sandy-crinoidal limestones with black cherts; ? Late Liassic – Early Dogger
This lithofacial type forms almost the half area of the Haligovce klippe and occurs in its central part east of the Mamulowa dolina valley,
forming morphological dominants as Aksamitka and Končitá.
They are grey to dark-grey, layered, sandy-crinoidal limestones with nodules of black cherts. The share of sandy component is quite
variable, but on the whole the lower parts are more detrital as also shown in the mode of weathering. In places passages may be observed,
which are of the habit of rusty “sandstones“ and it is possible that the “quartzitic sandstones“ mentioned by HORWITZ & RABOWSKI (1929) belong
to this complex. The above mentioned authors quote from this formation the following fauna (cf. op. cit.: 113): Pecten clavis GOLDF., P. priscus
TRAUTH, P. julianus DUM., Posidonia opalina QU., Mesotheutis conoideus (OPP.), Acrocoelites blainvillei (DES.). This fauna would point, at least
its cephalopod part, to a Toarcian – Aalenian age. This complex is well correlable with the Iwanowka Limestones in the High Tatric succession
(LEFELD ET AL. 1985). Total thickness is around 200 m.
f) light-grey nodular limestones with sporadical cherts; Middle Jurassic – Callovian – Oxfordian
The occurrence of these limestones is very restricted and so far we have found them only at one site, west of elev. p. Aksamitka. Above
grey crinoidal- cherty limestones of the preceding complex are directly resting light-grey, indistinctly nodular micritic limestones with sporadical
small nodules of brown cherts. The contact of these limestones with underlying limestones is uneven, what could indicate the existence of a
hiatus. The indistinctly nodular limestones are of biomicrite texture (“packed“ biomicrite with numerous cross sections of Bositra sp. shells).
Overlying are light-grey limestones, which are separated from the lower by a layer of light-grey limestones with reddishblack cherts. The nodular
limestones contain a characteristic microfacies with Globuligerina sp., which would point to an Oxfordian age. From the Haligovce klippe,
however, without quoting the locality and facies, HORWITZ & RABOWSKI (1929) mentioned the ammonite Orthaspidoceras orthocera (d`ORB.),
which would indicate a Kimmeridgian age. Thickness of limestones is little and not exceeding 2 m.
g) greyishgreen radiolarian limestones and radiolarites; Late Jurassic – Kimmeridgian
The occurrence of this lithofacies is similarly as in the preceding case very restricted and only at one site, at the eastern end of the
klippe at the southern slopes of Hrubá skala and/or Zbojnícka jaskyňa (= Aksamitka sensu BIRKENMAJER 1959). Here in the core of an anticlinal,
highly tectonized structure greyishgreen, thin-bedded to platy radiolarian limestones and radiolarites are found, the layers of which are
separated by thin interbeds of green calcareous claystones. In microfacies they are radiolarian biomicrites with relatively abundant filaments of
Bositra type. Relatively frequent are here newly formed calcite rhombohedrons as well authigenic feldspars (plagioclases). Sometimes
discontinuous laminae may be observed, in which are abundant filaments, radiolarians and clayey admixture with indication of periodical
accumulation of radiolarians (? contourites). From the amount of relatively poorly preserved radiolarians have been found: Abgulobracchia
digitata BAUM., Crucella cf. theokaftensis BAUM., Homoeoparonaella argolidensis BAUM., Podobursa helvetica (RÜST), Tritrabs casmaliaensis
(PESSAG.), Tretrabs zealis (OŽVOLDOVÁ)) (determined by Dr. OŽVOLDOVÁ and Dr. VANĚKOVÁ). This association points to the Late Jurassic –
Kimmeridgian (U.A. Zone 10). Total observable thickness is up to 10 m.

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

129

h) light-grey layered muddy limestones with black cherts; latest Jurassic – Early Cretaceous (Tithonian – Valangian)
This bedding member is found at the NW and eastern termination of the klippe. It is formed by light-grey, layered fine grained to muddy
limestones with black cherts. In microfacies they are biomicrites with rich associations of tintinnids and other microorganisms. The lower parts
contain the association: Praetintinnopsella andrusovi BORZA, Tintinnopsella carpathica (MURG. et FILIP.), Crassicolaria parvula REMANE,
Calpionella alpina LORENZ and Cadosina carpathica (BORZA). This association points to the Late Tithonian.
Higher up is a radiolarian – calpionell microfacies with: Calpionella alpina LORENZ, C. elliptica CADISCH, Crassicolaria intermedia
(DURAND-DELGA), Calpionellopsis simplex (COLOM), C. oblonga (CADISCH).
Overlying this association are found: Calpionellopsis simplex (COLOM), Calpionella alpina LORENZ, C. elliptica CADISCH, Lorenziella
hungarica KNAUR - NAGY, Remaniella cadischiana (COLOM), Tintinnopsella carpathica (MURG. et FILIP.) and Pseudolamarckina sp.
The highest parts of cherty limestones also contain a rich association: Tintinnopsella carpathica (MURG. et FILIP.), T. longa (COLOM),
Calpionellopsis darderi (COLOM), C. oblonga (Cadisch), C. simplex (COLOM), Remaniella cadischiana (COLOM) as well as Nannoconus div. sp.
The association already points to the Early Valanginian (determined by Dr. Boorová).
The formation of cherty limestones is well correlable with the Lučivná Formation (POLÁK & BUJNOVSKÝ 1979). For a formation equal in
lithology LEFELD ET AL. (1985) proposed the term Osobitá Formation, which we should consider as younger synonym. Thickness of the formation
is around 80 m.
i) dark-grey organogenic limestones with black cherts; ? Hauterivian – Barremian
This type of limestones forms several isolated klippes west and SW of elev. point 889,2 m on Plašnia and north of Michalová skala.
They are dark-grey organogenic limestones with nodules of black cherts. Besides organic clasts foraminifers of Triloculina sp., Hedbergella sp.
and Orbitolina sp. types were found here Scarcely fragments of the alga Ethelia were found here. Total thickness is around 60 m.
j) lightk-grey to brownish organodetrital and rudist limestones (= Haligovce Formation sensu BIRKENMAJER, 1977); Hauterivian
– Barremian
In the eastern part of the Haligovce klippe, north of the Zbojnícka jaskyňa cave, several smaller klippes are situated, formed by lightgrey to brownish organogenic limestones of Urgon type with local accumulations of broken shells of thick-walled bivalves. These limestones
here were described first by BIRKENMAJER (1959) as the Urgon Limestone. In microfacies they are biosparites to calcarenites with bioclasts of
bryozoans, crinoid ossicles, serpulid worms, sessile foraminifers and fragments of algae Munieria and Lithphyllum. Further on, fragments of
rudists, gastropods, brachiopods and Orbitolina sp. were found. The limestones are well correlable with the Vysoká Turňa Limestones (LEFELD
ET AL. 1985). Total thickness is 20, 30 m.
k) sandy phosphatic and glauconitic limestones; Late Albian (only ex situ!)
At the southern foothill of the klippe below Sowie skalky prof. Mišík found (ex situ) fragments of phosphatic-glauconitic limestones with
planktonic microfauna: Hedbergella sp., Calcisphaerulla innominata BONNET and Pithonella ovalis (KAUFMANN) (determined by prof. Mišík),
which points to the Late Albian. Although the primary occurrence of these limestones at exposures could not have been found so far, their find is
of great importance for correlation of the Haligovce succession with the High Tatric succession (Javorinská Široká).
Correlation of the Haligovce succession
As it was indicated in the introduction, the position of the Haligovce succession was already in the past a matter of discussion and
essentially two groups of views exist for its attribution. The first is represented by the view of ANDRUSOV (1934), who underlines its affinity with
the High Tatric succession, i.e. units of the Central Western Carpathians.
The second group is represented by BIRKENMAJER (1959, 1977, 1986, 1988), who, on the contrary, ranges it to the Klippen Belt, not only
in structural, but also in paleogeographical sense. He considers the Haligovce succession as the southernmost development of the Klippen Belt,
in its position he places it to the northern slope of the so called exotic ridge – ANDRUSOV ridge (cf. 1986, 1988).
Setting out from the lithostratigraphical content of Triassic to Jurassic – Early Cretaceous members of the Haligovce succession as well
as their resemblance (in some cases even identity) to members of the High Tatric Group, we tend to the view that the Haligovce succession
originally belonged to this group. Such a view, moreover, is supported by equal stratigraphical range of hiatuses in the Late Triassic and Early
Dogger of the Haligovce succession. Its present-day position at the southern margin of the Pieniny Klippen Belt as well as its klippen style are
the result after Middle Oligocene transpressional movements at the external margin of the CWC block and Klippen Belt.

Stop 5.4: Cottage Pieniny → Dunajec – “landing place“
On both sides of the valley are cliffs (Kače and Osobitá skala), in which the Pieniny Formation sensu BIRKENMAJER (1977) is found. The
light-grey layered biomicrite limestones with black cherts are intensely folded, the fold axes are striking east → west and/or east → northeast →
west-southwest.

6-7TH DAYS PROGRAMME
N. Oszczypko, D. Poprawa, J. Golonka, M. Krobicki, Š. Porębski J. Chowaniec, K. Witek & W. Zuchiewicz

Polish part of the Western Carpathians
Regional geological setting
The Polish part of the Carpathians are a part of the great arc of mountains, which stretches for more than 1300 km from the Vienna
Forest to the Iron Gate on the Danube .In the west, the Carpathians are linked with the Eastern Alps and, in the east they pass into the Balkan
chain. Traditionally, the Western Carpathians have been always subdivided into two distinct ranges. The Inner Carpathians are considered the
older range and the Outer Carpathians the younger one (KSIĄŻKIEWICZ 1977). Between the Inner and Outer Carpathians the Pieniny Klippen
Belt (PKB) is situated. It is Tertiary strike-slip boundary, which is a strongly tectonized terrain about 800 km long and 1-20 km wide
(BIRKENMAJER 1986). The Outer Carpathians are built up of stacked nappes and thrust-sheets, which reveal different lithostratigraphy and
structure. The Outer Carpathians are composed of the Late Jurassic to Early Miocene mainly turbidite (flysch) deposits, completely uprooted
from their basement. The largest and innermost unit of the Outer Carpathians is the Magura nappe - a Late Oligocene/Early Miocene
accretionary wedge. The Magura nappe is flatly overthrust onto the Moldavides (SANDULESCU 1988) - an Early/Middle Miocene accretionary
wedge, which consists of several nappes: the Fore-Magura-Dukla group, Silesian, Sub-Silesian, Skole and Boryslav-Pokuty units. In the Outer
Carpathians the main decollement surfaces are located at different stratigraphic levels. The Magura nappe was uprooted from its substratum at
the base of the Turonian-Senoniam variegated shales (OSZCZYPKO ET AL. 1992), whereas the main decollement surfaces of the Moldavides are
located in the Lower Cretaceous black shales. All the Outer Carpathian nappes are flatly overthrust onto the Miocene deposits of the Carpathian
Foredeep (OSZCZYPKO 1998, OSZCZYPKO & ŻYTKO 1987). However, along the frontal Carpathian thrust a narrow zone of folded Miocene
deposits developed [Stebnik (Sambir) and Zgłobice units]. The detachment levels of the folded Miocene units are connected with the Lower and
Middle Miocene evaporites.
The basement of the Carpathian Foredeep represents the epi-Variscan platform and its cover. The depth to the platform basement,
recognised by boreholes, changes from a few hundred metres in the marginal part of the foredeep up to more than 7000 m beneath the

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

130

Carpathians. The magneto-telluric soundings in the Polish Carpathians have revealed a high resistivity horizon, which is connected with the top
of the consolidated - crystalline basement (ŻYTKO 1997). The depth of the top of magneto-telluric basement reaches about 3-5 km in the
northern part of the Carpathians, drops to approximately 15-20 km at its deepest point and then peaks at 8-10 km in the southern part. The axis
of the magneto-telluric low coincides, more or less, with the axis of gravimetric minimum. South of the gravimetric minimum and, more or less
parallel to the PKB, the zone of zero values related to of the Wiese vectors, was recognised by geomagnetic soundings (JANKOWSKI ET AL.
1982). This zone is connected with a high conductivity body occurring at the depth of 10-25 km and is located at the boundary between the
North European Plate and the Central West Carpathian Block (ŻYTKO 1997). In the Polish Carpathians, the depth to the crust-mantle boundary
ranges from 37-40 km at the front of the Carpathians and increases to 54 km towards the south and then, peaks along the PKB at 36-38 km.
The Kraków-Zakopane transect, the best recognized cross-section of the Outer Carpathians is composed by the following nappes:
Magura, Fore-Magura Group of units (Dukla-Grybów), Silesian and Sub-Silesian nappes.

Magura Nappe
Stratigraphy. The Magura nappe is the largest tectonic unit of the Western Carpathians and is linked with the Rheno-Danubian flysch
of the Eastern Alps. During the overthrust movements, the Magura Nappe has been completely uprooted from its substratum along the ductile
Upper Creteceous rocks. The oldest Jurrassic-Lower Cretaceous rocks are only found in this part of the Magura basin, which was incorporated
into the Pieniny Klippen Belt (i. e the Grajcarek Unit) (BIRKENMAJER 1977). The Albian /Cenomanian spotty shales remain in the southern margin
of the Mszana Dolna tectonic window (BIRKENMAJER & OSZCZYPKO 1989). More recently, Hauterivian-Albian deposits have been recognised in a
few localities in Southern Moravia (SVABENICKA ET AL. 1997). On the basis of facial differentiations with regards to the Paleogene deposits, the
Magura Nappe has been subdivided into four facie-tectonic subunits: the Krynica, Bystrica (Nowy Sącz), Raca and Siary (Fig. C.23), see also
KOSZARSKI ET AL. 1974). The Upper Cretaceous-Paleogene deposits of the Magura Nappe may be subdivided into three turbidite complexes: the
Campanian/ Maastrichtian-Paleocene, Lower- Upper Eocene, and Upper Eocene-Lower Eocene. Each of them begin with pelitic basinal
deposits (variegated shales) which pass into thin-and medium-bedded turbidites with intercalations of allodapic limestones /marls, and then into
thick-bedded ones. Finally, there are thin-bedded turbidites (OSZCZYPKO ET AL. 1992).

Fig. C.23: A-Position of the visited area. B-Sketch-map of the middle part of the Polish Carpathians (after OSZCZYPKO ET AL. 1999A). 1-Podhale Flysch,
2-Pieniny Klippen Belt; Magura Nappe: 3-Krynica Subunit, 4-Tobołów-Turbaczyk thrust sheet, 5-Bystrica Subunit, 6-Raca Subunit, 7-Siary Subunit, 8Grybów Unit, 9-Dukla Unit, Silesian & Sub-Silesian units, 10-Miocene onto the Carpathians, 11-Miocene andesites, 12-faults, 13-study area (Fig. 5).
The Upper Cretaceous deposits begin with Cenomanian/ Turonian, variegated, hemipelagic mudstones, with intercalations of thinbedded turbidites (Malinowa Shale Fm.). In the Raca and Bystrica subunits sedimentation of variegated clays was finished at the
Santonian/Campanian boundary, whereas in the Krynica Subunit it still existed in the Maastrichtian. The Malinowa Fm. passes upwards into
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thin-bedded turbidites with sporadic intercalations of thick-bedded sandstones. Higher up in the section, appears some thin-to medium-bedded
turbidites, of up to 50 m in thickness. Within these, are some numerous 5-7 cm to 30 cm thick intercalations of turbiditic limestones (Kanina
Beds, see CIESZKOWSKI ET AL, 1989). These deposits pass upwards into thick-bedded sandstones and conglomerates, which are up to 100 400 m thick (Szczawina Sandstones). The youngest unit of the complex, 100-200 thick is composed of medium to thick-bedded turbidites of
Paleocene age (Ropianka Beds (see MALATA ET AL. 1996) and Szczawnica Fm.). These deposits are overlaid by a- 20 - 50 m thick formation of
variegated shales (Labowa Fm.), of Lower to Middle Eocene age. The variegated shales pass upwards into thin-bedded turbidites of the
Zarzecze, Beloveza and Hieroglyphic formations some few hundred metres thick (Oszczypko 1991, OSZCZYPKO ET AL. 1999A). In the Bystrica
Subunit the Beloveza Fm. is overlaid by thin to medium-beded turbidites with intercalations of the Łącko type marls. In the Krynica, Bystrica and
Raca subunits the youngest deposits of the Eocene complex belong to the Magura Fm., which is of Lower-to Upper Eocene age. This formation
is reached in the Krynica Subunit, 1200 – 1400 m thickness and at least 500-2000 m in the Bystrica and 1000 m in the Raca subunit
(BIRKENMAJER & OSZCZYPKO 1989, OSZCZYPKO 1999). The Magura Fm. is represented by the thick-bedded turbidites and fluxoturbidites. The
Magura Fm. is locally overlaid by the Globigerina marls (Upper Eocene-Lower Oligocene), Menilite shales and the Malcov Fm (Late Oligocene).
In the northernmost part of the Magura Nappe (Siary subunit) Middle/Upper Eocene variegated shales pass upwards into marls and thin-bedded
flysch of Zembrzyce Beds, which contain foraminiferal hiorizont of Globigerina marls (Upper Eocene-Lower Oligocene), thick-bedded glauconitic
Magura sandstones (Wątkowa Sandstones), the Lower Oligocene age, and finally marls with intercalations of glauconitic sandstones (Budzów
Beds, Oligocene). Traditionally, the Oligocene Malcov Formation was regarded as the youngest strata of the Magura nappe (OSZCZYPKOCLOWES 1998). However, in the vicinity of Nowy Sacz the Early Miocene Zawada Fm., belonging to Magura Nappe, has recently been
discovered (OSZCZYPKO ET AL. 1999B, OSZCZYPKO-CLOWES 2001, OSZCZYPKO & OSZCZYPKO-CLOWES 2002).
Tectonics. The Magura Nappe is flatly thrust over its foreland, built up of the Fore-Magura group of units and partly by the Silesian Unit.
The amplitude of the overthrust is at least 50 km, and the post Middle Badenian thrust displacement is more than 12 km (Oszczypko, 2001,
OSZCZYPKO & ZUCHIEWICZ 2000) The northern limit of the nappe has an erosional character, whereas the southern coincides with a more or less
vertical strike-slip fault along the northern boundary of the PKB. The thrust developed mainly within the ductile Upper Cretaceous variegated
shales. The sub-thrust morphology of the Magura foreland is very distinctive. The shape of the northern limit of the Magura Nappe and the
distribution of the tectonic windows inside the nappe are connected with denivelation of the Magura basement. As a rule the "embyemets" of the
marginal thrust are related to transversal bulges in the Magura basement, whereas the "peninsulas" are located in the depression of basement
(OSZCZYPKO 2001). At a distance of 10-15 km south from the northern limit of the unit the zone of the tectonic windows, connected with uplifted
Fore-Magura basement, are located (eg. Mszana Dolna, Szczawa, Klęczany, Ropa, Ujście Gorlickie and Świątkowa tectonic windows). The
biggest is the Mszana Dolna tectonic window, situated in the middle part of the Polish Carpathians. This tectonic window developed as the
duplex structure during the Middle Miocene thrusting of the Magura Nappe (OSZCZYPKO 2001). South of the zone of tectonic windows the
inclination of the Magura thrust surface increases, and at the northern boundary of PKB the thickness of the Magura Nappe is more than 5 km.
The Magura Nappe has been subdivided into four structural subunits (thrust sheets) namely the: Krynica, Bystrica (Nowy Sącz), Raca and Siary
(Fig. C.23). These subunits coincide, to a large extent, with the corresponding facies zone. In the Magura accretionary prism, three structural
complexes can be distinguished: the Late Cretaceous-Paleocene, the Early to Late Eocene, and the Oligocene to Early Miocene (OSZCZYPKO ET
AL. 1992, 1999, OSZCZYPKO ET AL. 1991, MALATA ET AL. 1996). These complexes reveald a decreasing degree of tectonic "deformation from the
base to the top of the nappe. In the area surrounding the Mszana Dolna and Szczawa tectonic windows the basal part of the nappe, built up of
Upper Cretaceous-Paleocene flysch rocks is strongly deformed. In Lower to Upper Eocene flysch of the Raca and Krynica subunits the broad
W-E trending synclines and narrow anticlines dominate. The southern limbs of synclines are often reduced and overturned. In the Bystrica
(Nowy Sącz) Subunit, sub-vertical thrust-sheets are common. Both the northern limbs of the anticlines and southern limbs of the synclines are
tectonically reduced and usually overturned. In the Krynica and Raca subunits the youngest (Malcov Fm; Late Eocene- Early Oligocene), weekly
deformed, deposits of the Magura Nappe uconformably overlaid the older Eocene flysch deposits.

Paleogeography and tectonic evolution
Traditionally Outer Carpathian Basin is subdivided from south to north for the followin sub-basins: The Magura, Dukla and Fore-Magura,
Silesian, Sub-Silesian, Skole and Boryslav-Pokuty sub-basins. (e.g. KSIĄŻKIEWICZ (ED.) 1962, ŚLĄCZKA & KAMIŃSKI 1998). The Late Jurassic to
Albian age (e. g. PESCATORE & ŚLĄCZKA 1984) has been assigned for the early stage of the basin development, characterized by rapid basin
subsidence. However, there is also widely accepted possibility of the much earlier, Early-Middle Jurassic origin of the Magura Basin (see e.g.
BIRKENMAJER 1986, SOTÁK 1986, OSZCZYPKO ET AL. 1992, DERCOURT ET AL. 1993, GOLONKA ET AL. 2000, PLAŠIENKA 2002). On the STAMPFLI
(2001) reconstruction the Magura basin has been posted on the Triassic reconstruction. Indeed, there is a possibility of existence of the
embayment of Vardar-Transilvanian oceanic zone between Inner Carpathian, and European Platform (GOLONKA ET AL. 2000). The exotic
material of the Late Triassic pelagic spotty limestones which occur as pebbles within Cretaceous-Paleogene gravelstones in the Pieniny Klippen
Belt (BIRKENMAJER ET AL. 1990) and Magura Unit (SOTÁK 1986) could have originated in this embayment. The embayment position and its
relation to the other parts of Tethys, Vardar Ocean, Meliata-Halstatt Ocean, Dobrogea rift and Polish-Danish Aulacogen remain quite
speculative (Late Triassic). The Ligurian Ocean, as well as the central Atlantic and Penninic Ocean (DERCOURT ET AL. 1993, CHANNELL 1996,
GOLONKA 2000) were opening during the Early–Middle Jurassic. BILL ET AL. (2001) date the onset of oceanic spreading of the Alpine Tethys by
isotopic methods as Bajocian. According to WINKLER & ŚLĄCZKA (1994) the Pieniny data fit well with the supposed opening of the Ligurian-Penninic
Ocean. During the Middle–Late Jurassic (WITHJACK ET AL. 1998) the Central Atlantic was in an advanced drifting stage. The Alpine Tethys, that
is Ligurian, Penninic and Pieniny Klippen Belt/Magura oceans constitute the extension of the Central Atlantic system. STAMPFLI (2001) recently
postulated single Penninic Ocean separating Apulia (Adria) and Eastern Alps blocks from Eurasia. We proposed similar model for the Pieniny Klippen
Belt/Magura Basin in the Carpathians. The orientation of the Pieniny-Magura Ocean was SW-NE (see discussion in GOLONKA & KROBICKI 2001,
AUBRECHT & TÚNYI 2001). During the Early Jurassic, in rift stage, the single basin existed in the future Pieniny/Magura realm. During the
Bajocian-Bathonian the Czorsztyn Ridge originated. PLAŠIENKA (2002) postulate the thermal uplift above the distal, subcrustal part of
detachment fault. The origin of the Czorsztyn Ridge is coeval with the spreading phase of the Pieniny /Magura Ocean. The occurence of the
mafic (basalts) intrusions in the eastern termiation of the Czorsztyn Ridge in Novoselica Klippen (LASHKEVITSCH 1995) seems to support the
thermal origin of the ridge related to the oceanic spreading.
The Pieniny /Magura Ocean was divided into the northwestern and southeastern branches (Middle Jurassic). The deepest parts of both
basins are documented by deep water, extremely condensed, Jurassic-Early Cretaceous pelagic limestones and radiolarites. The shallowest
ridge sequences are known as the Czorsztyn succession. In this succession, the Early Jurassic Posidonia marls are followed by Middle –
Jurassic-earliest Cretaceous crinoidal and nodular limestones and Late Cretaceous Ammonitico Rosso and marly facies. The transitional slope
sequences between the deepest basinal units and ridge units consist of mixed cherty, limestone and marly facies. The northeastern part of the
basin devaloped later into Magura Basin. The detailed study of the basinal facies (GOLONKA & SIKORA 1981) revealed an enormous
condensation of Nannoconus limestones and radiolarites. The Upper Jurassic-Lower Cretaceous profiles do not exceed more than a dozen or
so meters. In extremal case two meters were deposited during the time span of 50 million years. This Jurassic Ocean was connected with older,
Triassic embayment of Vardar-Transilvanian Ocean. A junction of the Tethyan and Atlantic-Ligurian-Penninic-Pieniny Klippen Belt-Magura Ocean
existed perhaps in the Eastern Slovakia-Ukrainian Carpathians and is represented by the Iňačovce-Krichevo unit (SOTÁK ET AL. 2000).
Major plate reorganisation occurred during the Tithonian time. The new Atlantic spreading entered the area between the New Foundland shelf
and Iberia. The Jurassic Pangean break-up system in Alpine Tethys, Central Europe and North Sea area was abandoned (GOLONKA 2000). The
subduction of the oceanic crust of the Meliata-Halstatt Ocean was completed by the end of Jurassic. Terrane collision of Tisa and adjacent blocks
with the Inner Carpathian took place during this time (GOLONKA ET AL. 2000). The closure of the Meliata-Halstatt Ocean corresponds well
cessation of spreading in the Alpine Tethys. The Penninic-Pieniny/Magura Ocean reached its maximum width in the latest Jurassic and then
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stopped spreading (latest Jurassic-Earliest Cretaceous). Subduction jumped to the northern margin of the Inner Carpathian terranes and began
to consume the Pieniny Klippen Belt Ocean (BIRKENMAJER 1986, GOLONKA ET AL. 2000).
The closing process of the Pieniny Klippen Belt Basin is the matter of discussion as summarised GOLONKA & KROBICKI (2001) according
to earlier elaborations (e.g. BIRKENMAJER 1986, PLAŠIENKA 1999, GOLONKA ET AL. 2000). The discussed models based on the different
subduction directions under micro-plate terranes: northern margin of the Inner Carpathians, southern margin of the Eurasian plate and both
margins of the Pieniny-Magura Basin. The present authors prefer the first model connected with south-direction movement of the Czorsztyn
Ridge and it adjacent areas. The Latest Jurassic blueschists metamorphic rocks found as pebbles (exotics) in the Albian flysch in the Pieniny
Basin indicate existence of a subduction below the northern margin of the Inner Carpathian plate (FARYAD 1997. The opening of the Outer
Carpathian (Silesian-Skole) basins was related to the closing of the Pieniny – Magura Ocean (latest Jurassic-Earliest Cretaceous). This opening
was followed by a long-lasting Berriasian-Cenomanian (35 m.y) period of basin expansion, and deep-water pelagic deposition, probably
connected with passive thermal subsidence. Before the Albian, the Magura Basin was separated from the Silesian Basin by the Protho-Silesian
submerged ridge (SC - latest Jurrasic-earliest Cretaceous).
During the Aptian–Albian, complex tectonics began to take place (developed) in the future Alpine belt zone. South dipping subduction
was active on the southern margin of the Penninic-Pieniny Ocean. Thrusting and shortening were noted in the Inner Carpathians (PLAŠIENKA,
1999). Consumption of the Penninic-Pieniny Ocean led to the development of accretionary prism in front of the moving northward and
northwestward Eastern Alpine and Inner Carpathian plates. In the Albian, synorogenic flysch developed in the Pieniny Basin (GOLONKA &
SIKORA 1981). In the Eastern Carpathians the compressional movement started during the Aptian and Albian and the inner part of the
Carpathians was folded and napped. In front of the moving nappes, coarse-grained sediments and olistostromes developed (SĂNDULESCU,
1988). The compressional event in the Inner Carpathians, which began during the Albian time, ended in the Late Turonian. As a consequence a
complicated nappe structure formed (RAKÚS ET AL. 1998, PLAŠIENKA 1999). Along with the development of the Inner Carpathian nappes, the forarc basin was formed between the uplifted part of the IC terrane and the subduction zone. The flysch successions of The Pieniny Klippen Belt
were formed in this area. Behind the ridge another flysch succession was deposited within the back-arc basin. During Albian-early Cenomanian
time Magura Basin was incorporated into the Outer Carpathian system sharing its geodynamic and climatic history. During the Late Cretaceous
in the foreland of the Inner Carpathian folded area, within the Outer Carpathian realm ridges and underwater swells distinctly separated several
basins
During the Cenomanian-Turonian a perion of slow and uniform sedimentation embraced all Outer Carpthian Basins (ŚLĄCZKA &
KAMIŃSKI 1998, OSZCZYPKO ET AL. 1992, OSZCZYPKO 1999). This period was characterised by very low rates of sedimentation (0,5- 5 m/ my). At
the turn of Cenomanian, radiolarian shales followed by red clays with intercalations of basinal turbidites were deposited below the CCD
(OSZCZYPKO 1999). The oxic conditions prevailed, and the appearance of the red and green shales like Malinowa Fm. in Magura Basin
(BIRKENMAJER & OSZCZYPKO 1989) is characteristic.
In the northern and middle part of the Magura Basin this type of sedimentation persisted up to the Campanian, whereas in the Krynica
zone till the Maastrichtian (OSZCZYPKO 2001). The rate of sedimantation of variegated shales oscilated between 15 to 25 m/my. During the
Maastrichtian/Paleocene time, a considerable reorganisation of the Magura Basin took place. This was connected both with compression at the
southern margin of the basin and an inversion of the northern margin (Silesian uplifted ridge). It was accompanied by a deposition of the Upper
Senonian-Paleocene flysch (so called Inoceramian beds). The rate of sedimentation oscillated between 50 and 75 m/my. Since the
Paleocene/Early Eocene, the accretionary prism has began to develop in the southern margin of the Magura Basin (OSZCZYPKO ET AL. 1992,
OSZCZYPKO 1999, 2001), close to folded and thrust Pieniny Klippen Belt. The moving load, in front of this accretionary prism, has caused
subsidence and a progressive northward shift of dopocentes. The Early Eocene axis of deposition was located in the Krynica zone, and then
during the Middle and Late Eocene migrated northward, towards the Bystrica and Raca zones respectively. In this part of the basin narrow and
very long submarine fan (few hundred km) was formed. The clastic immature material of the fan was supplied from a southeast direction, and
was derived from an erosion of the exposed part of the accretionary prism. During the Early to Middle Eocene time, the deepest part of the
basin, often beneath the CCD, was located in the northern part of the basin. The rate of sedimentation varied from 10-15 m/my on the abyssal
plain, to 75-100 m/my in the outer fan and, between 200 to 300 m/my in the area affected by the middle fan-lobe system (OSZCZYPKO 2001).
Simultaneously along the northern margin of the basin (Siary zone), small fans developed. During the Late Eocene the southern part of the
Magura basin was involved in submarine folding, caused by a southward subduction of the Magura Basin beneath the Pieniny Klippen
Belt/Central Carpathian Block (OSZCZYPKO 1999). This event was followed by Late Eocene to Early Oligocene subsidence and an intensive
deposition in the Siary zone, supplied from the Silesian Ridge by mature glauconite sandstones and massive turbidite marls. The Late
Oligocene folding and northwards thrusting in the Magura Nappe was almost contemporaneous with that of the Northern Calcareous Alps and
Rhenodanubian Flysch. Simultaneously the southern part of the Magura Nappe was transformed into the piggyback basin flooded during the
Aquitanian - Early Burdigalian (OSZCZYPKO ET AL. 1999A, OSZCZYPKO & OSZCZYPKO-CLOWES 2002). This event could be documented by
deposition of the Zawada Fm. (NN1-3) in the Nowy Sącz area, and opening of the sea-way connection with the Vienna Basin (OSZCZYPKO ET AL.
1999A, OSZCZYPKO & OSZCZYPKO-CLOWES 2002). During the Late Burdigalian the Magura Nappe was finally folded and thrust together with the
marginal part of the Outer Carpathians, which overrode the foreland platform (KOVAC ET AL. 1998, OSZCZYPKO 1998).
The Mszana Dolna tectonic window
The characteristic feature of the middle part of the Magura Nappe in the Polish Outer Carpathians is an occurrence of the Mszana Dolna
tectonic window (BURTAN ET AL., 1976, 1978, MASTELLA, 1988). The central and most uplifted part of this window is dominated by the Oligocene
Krosno Formation of the Dukla Unit, whereas the narrow, marginal part of it is occupied by the Cretaceous-Oligocene deposits of the Grybów
Unit. The youngest deposits of the of the Dukla and Grybów units respectively in the Mszana Dolna tectonic window belong to NP 24 and NP22
(Oligocene) calcareous nannoplankton zones (OSZCZYPKO-CLOWES & OSZCZYPKO, in print).
The Mszana Dolna tectonic window is the big duplex structure, which developed during the Middle Miocene thrusting of the Magura
Nappe against its foreland. The floor thrust developed along the frontal ramp formed by the Dukla Unit, whereas the roof thrust is related to
Magura Nappe. Between the floor and roof thrusts the imbricated horses of the Grybów Unit developed. The southern margin of Mszana Dolna
tectonic window is build up of the Cretaceous-Paleogene deposits, which could be correlated with the Bystrica Subunit, however the occurence
of fragments of the Rača Subunit in basal Magura thrust (Poręba Wielka-Koninki thrust-sheet) could not be excluded.
Mszana Dolna -Kraków passage. Central part of the Polish Outer Carpathians is occupied by the Silesian Nappe.The sedimentary
record of this nappe represent continous succession from Late Jurrassic to Oligocene (Early Miocene) time. The nappe, up to 20 km wide, is
locally composed of several thrust-sheets, refolded with underlying Subsilesian Nappe. The Subsilesian Nappe forms a narrow, strogly
tectonized belt in the frontal part of the Carpathians. The nappe is built up of Lower and Upper Cretaceous and Paleogene deposits, partly non
flysch deposits (pelagic variegated marls). At the front of the Subsilesian Nappe occur narrow zoned of the folded Miocene deposits (Zgłobice
Unit), composed of the Lower Badenian marly mudstones, Middle Badenian evaporates (salts and anhydrites) as well as the Upper Badenian
sandy-cleyey deposits.

Brief geological characteristics of the region
In Poland, the Inner Carpathians are divided into three regions: the Tatras, Podhale (the Podhale Basin) and the Pieniny Klippen Belt
(Fig. C.24).
The Tatras comprise two facial-tectonic series: the southern, High-Tatric series being widely spread and the northern, Sub-Tatric series
forming as a narrow belt extending along the northern fringe of the Tatra chain. The High-Tatric series is built of the crystalline core covered with
Triassic, Jurassic and Cretaceous sedimentary rocks. Over these deposits are thrust over the dipping northward, recumbent folds of Czerwone
Wierchy and Giewont. In these fold crystalline cores are sometimes preserved.

XVIITH CONGRESS OF CARPATHIAN – BALKAN GEOLOGICAL ASSOCIATION, BRATISLAVA, SLOVAK REPUBLIC

133

The Sub-Tatric nappes were thrust over the High-Tatric series that had been folding. This process took place in the Upper Cretaceous,
yet before the Paleogene transgression. The lowermost unit is the Lower Sub-Tatric Nappe, called also Križne nappe, which occurs in the
middle parts of the Chochołów and Kościeliska Valleys and, eastward, between Miętusia Valley and Przysłop Miętusi and the outlet section of
Mała Łąka, and Sucha Woda as well as farther eastward in the group of Kopy Sołtysie, Gęsia Szyja and Goły Wierch and Łysa Skałka on the
Białka river (Sokołowski S., 1973).

Fig. C.24: Geological map of the Tatra Mts. and the Podhale (Chowaniec, 1989).
The Upper Sub-Tatric Nappe, called also Choč nappe, occurs west of the Mała Łąka Valley (Eliaszowa Turnia, Kończysta Turnia,
Brama Kantaka) and in larger fragments – west of the Lejowa Valley (Furkaska, Koryciska).
The Podhale Basin is built of the Paleogene sandstone-shale deposits resting on Mesozoic Tatric units. The bottom, transgressive part
of the Paleogene is formed by calcareous rocks developed as conglomerates, nummulite limestones and mudstones. This complex is called the
Tatric Eocene or Calcareous Eocene. The flysch complex of the thickness up to 3 000 metres, aged Middle Eocene – Oligocene, is divided into
the following lithologic complexes; Szaflary Beds occurring only in the northern wing of the Podhale Basin, Zakopane Beds lying in the northern
and southern wings and Chochołów Beds building the central part of the Podhale Basin and the youngest Ostrysz Beds in the western part of
the Podhale Basin (Fig. C.24).
The Pieniny Klippen Belt, separated from the Podhale Basin by a dislocation zone, is built of calcareous Jurassic-Cretaceous-Tertiary
rocks. Here, a number of separated tectonic-structural units, which might be traced along the whole klippen belt, are distinguished. In the
territory of Poland these are: Pieniny, Braniska, Nidzica, Czertezik, Haligowice and Czorsztyn (northernmost) zones.
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Thermal water
Thermal waters in Podhale attracted the interest from the mid-nineteenth century, when L. Zejszner (1844) discovered the spring of
o
temperature of 20.4 C in Jaszczurówka. This was the only natural discharge of thermal waters in the area of the entire Polish Carpathians. The
first hydrogeological drilling (150.3 m deep) was located in Jaszczurówka, in a direct neighbourhood of the hot spring and aimed at obtaining
o
waters of the temperature exceeding that of the spring. Indeed, at the borehole depth of 20.0 m the temperature of water reached 22.7 C.
However, the further drilling led to a decrease in water temperature due to the inflow of cool surface waters by a system of fissures. Thermal
o
o
waters of temperature of 36 C were obtained for the first time in borehole Zakopane IG-1 , and then the drillings gave temperatures: of 20 C in
o
borehole Siwa Woda and 26 C in borehole Zakopane 2 (Małecka D., 1981).
For the first time, thermal waters of the Podhale Basin were utilised in a swimming pool on the slopes of Antałówka Mt. in Zakopane.
The swimming pool operates on the waters from boreholes Zakopane IG-1 and Zakopane 2 (Fig. C.24). The swimming pool is open for the
public in summer season.
Usage of thermal waters from borehole Bańska IG-1 on a larger scale is associated with functioning of the Geothermal Plant in Biały
Dunajec (site 1). After an experimental period and heating of 7 buildings in Bańska Niżna in 1992/1993 season, additional 250 building have
been connected to the main in the following years (1994-1996). Thermal water from borehole Bańska IG-1 after cooling on the Alfa-Laval plate
heat exchangers is circled back by a return pipe to the deposit in borehole Biały Dunajec PAN-1. The mean temperature of the pumped water
o
o
varies from 52 C in summer to 43-48 C in winter. The main piping connecting the heat exchangers of the plant in Bańska with the geothermal
heating plant in Zakopane is has been finished. On the spot, in the Geothermal Plant, the trip participants will be exposed to functioning of heat
exchangers and to exploitation of thermal waters from borehole Bańska IG-1 and Bańska PGP-1 (Fig. C.25) from sub-flysch aquifers (Middle
Eocene, Middle Triassic).

Fig. C.25: Scheme of recharge and underground water flow between Zakopane and Bialy Dunajec (Chowaniec, 1989).
The main factors modelling physical-chemical properties of thermal waters of the Podhale Basin are, first of all, circulation conditions
and lithology. Waters of meteorite origin, which
infiltrate in the area of the Tatric massif, according to the dips of aquifers migrate northward, and due to encountering an impermeable
barrier of the deposits of the Pieniny Klippen Belt flow in a fan-like manner to the east and west, outside the boundary of Poland (Chowaniec J.,
1989). Such pattern causes differences in flow velocity which is of the order of several dozen metres per year in the southern part of the Basin
and only a few metres per year in the near-Pieninian zone (Fig. C.26). Differentiation in the duration contact between water and rocks is
-3
reflected in water chemistry. In the case of Anatłówka total dissolved solids do not exceed 400 mg·dm , while the waters in the boreholes most
-3
remote from the Tatras belong to the low mineralised ones, with TDS differing from more than 1000 to ca. 3000 mg·dm . The studies carried out
in 1996/1997 showed a decrease in the total dissolved solids in five of the analysed boreholes. The largest difference has been recorded in
-3
-3
borehole Bańska IG-1, where this parameter declined from 3 g·dm to ca. 2.5-2.7 g·dm . The ionic balance of waters from boreholes Bańska
IG-1 and Biały Dunajec PAN-1 shows that during the exploitation as well as during the pulse-interference pumping test that the waters
unchangeably belonged to a sulphate-chloride-sodium-calcareous type (Chowaniec et al., 1997a, b).
A decrease in the rate of the water flux from the zone of the active exchange in the southern flank of the Podhale Basin towards the axis
of the Basin maximum depression is evidenced by an increase in TDS, yet by a steady decrease in hydrocarbons content. Their percentage
decreases in the ionic balance starting from Antałówka, via Furmanowa, Poronin to Chochołów. After pumping the wells, both individually and
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as a system, the type of water in the investigated wells have not been changing. Isotope studies point to a relatively young age of the waters in
a range of 100-2000 years, which confirms a high intensity of their exchange in the Podhale Basin. It is presumed that the youngest waters
occur in borehole Furmanowa PIG-1, slightly older in borehole Poronin PAN-1, much older in Chochołów, and the oldest – of the Holocene age
– in borehole Bańska IG-1. The water age confirms not only the vertical but also horizontal hydrochemical zonality of waters of the artesian
basin of the Podhale (Chowaniec J. et al., 1997a).
By the end of the 1980s a geological project aiming at several boreholes drilling for thermal waters was launched. Among others,
borehole Furmanowa IG-1 resulted from this project (site 2). A simplified profile of the borehole is as follows (Chowaniec J. et al., 1979a, b):
0.0 – 1987.0 m flysch deposits (Upper Eocene – Oligocene)
1987.0 – 2040.0 m carbonate conglomerates (Middle Eocene)
2040.0 – 2130.0 m organogenic limestones - chert type (Jurassic – Lower Cretaceous)
2130.0 – 2324.0 m quartzite sandstones (Sinemurian)
-3 -1

In Furmanowa borehole hydrogeological investigations were carried out both during and after the drilling. The well yield was 21 m h ,
o
-3
temperature 42 C and total dissolved solids amounted to 0.78 g dm . The water table had stabilised at 105 m below the ground level.
New interesting results referring to the occurrence of thermal waters in the Podhale Basin and to their exploitation were obtained from
the investigations performed in five boreholes selected by the Carpathian Branch of the Polish Geological Institute and Podhale Geothermia
S.A. at the turn of 1996/1997 (Chowaniec J. et al., 1979a, b). The basic parameters hydrogeological obtained during the investigations are
summarised in Table 1.
Hydrogeological
boreholes

Bańska
IG-1
Furmanowa*
PIG-1
Chochołów
PIG-1
Biały Dunajec
PAN-1
Poronin
PAN-1

Elevation
above sea
level
[m]

Depth [m]

Well yield
3 -1
Q [m ·h ]

Depression
S [m]

Hydraulic
conductivity
-1
k [m·s ]

Permeability
Kp [md]

of the well

To the water
table

679

5261

2565

120

185.0

2.54x10-5

1214

1010

2324

2003

96

27.5

9.94x10-6

470

778

3572

3218

190

150.0

6.49x10-6

307

685

2394

2117

270

220.0

1.94x10-5

911

741

3003

1768

90

150.0

8.88x10-5

4115

Table 1. Results of investigations after acid treatment of the wells. * without acid treatment
The investigations performed during the pumping tests, determination of the „age”, temperature and ionic composition of the waters
combined with the existing results allowed to determine a number of rules governing the ground waters of the artesian Podhale Basin. Despite
the differences in depths of intakes and in distances from recharge areas, the coefficients of hydraulic conductivity are of similar order of
magnitude when compared with the boreholes located on Antałówka Mt. (1⋅10-5 m·s to 1⋅10- 6 m·s ). From the comparison of the yield
recorded during the drilling with that obtained during experimental studies is evident that the yields increased 4-8 times. In the case of borehole
3 -1
3 -1
Biały Dunajec PAN-1 the difference was even much larger and the yield increased from 9 m ·h to 270 m ·h . Rationality behind an acidtreatment of the boreholes manifests as well in the increase in water temperature at the outflows. The differences in temperature vary from a
o
dozen to over 30 C (Table 2).
-1

-1

Temperature at the outflow [oC]
Hydrological boreholes
During drilling
Furmanowa PIG-1
Chochołów PIG-1
Biały Dunajec PAN1
Poronin PAN-1

1990
1990
1989

42.0
70.0
49.0

after acid treatment
turn of 1996/1997
60.5
82.0
82.0

1989

45.0

63.0

Difference

18.0

18.5
12.0
33.0

Table 2. Comparison of water temperatures from the period of drilling and of 1996/1997
Despite the large differentiation in geothermal gradient of the drilled borehole, one can observe a regularity which is an increase in water
temperature with depth.
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Stop 6.1: Tylmanowa
Fig. C.26: Section of boreholes Bańska IG-1 and Bańska PGP-1.

The section is exposed along the highway-linking town of Stary Sącz and
Krościenko. The section is nearly 50 m thick and consists of medium to thickbedded, dominantly medium-grained sandstones with two intercalations of thinbedded turbidites (OSZCZYPKO & PORĘBSKI 1985, OSZCZYPKO ET AL. 1992). The
exposed succession can be subdivided in-to 5 minor sequences differing in facies
assemblages and vertical textural trends (Fig. C.27). The incomplete basal
sequence 1 begins with a few metres of massive, medium sandstones with
amalgamation surfaces and shale intraclasts. These sandstones are followed
upward by shales with numerous, thin, medium to fine turbidites displaying
Bouma’s Tbc and Tc divisions. There is an overall upward fining and thinning trend
in the sequence. Sequence 2 which is 14 m thick, starts with a thin bed of very
coarse, granule-rich sandstone with a load-casted base. This sequence consists
mostly of medium to coarse-grained sandstone layers showing basal portions
enriched in granule-size grains. Shale interbeds are thin and sparse. The
sandstone layers, up to 1.5 m thick, are bounded by erosional and loaded
surfaces, which often die out laterally. Thin intervals with plane, horizontal and
ripple- cross--lamination, sometimes convoluted, occur at the very top of the
sandstone layers, which appear essentially massive throughout. Poorly developed
dish structures can be seen locally.
Tens of centimetres long, vertical and oblique channels, up to 1.5 cm in
diameter, are common, cutting across one or several amalgamated layers. They
are burrowing channels, although they may resemble some fluidization pipes. At
the base of the sequence 2 there occurs a 1.5 m thick zone of disturbed bedding
involving imbricated sandstone sheets and overturned folds. These structures
suggest slumping of semi-consolidated sediment toward the E, i.e. perpendicularly
to the NNW-directed palaeocurrents, as read from numerous prods and grooves in
the adjacent layers.
Sequence 3 is a 6 m thick, fining- and thinning-up one and consists of
medium to fine-grained turbidites with well-developed Tabc and Tbc divisions. The
sand/shale ratio is high although it distinctly decreases upward. The transition to
the overlying sequence 4 appears gradational. This sequence is 6 m thick and
shows well developed coarsening- and thickening-upward patterns. It is capped by
strongly burrowed silty sandstone, rich in mica flakes and coalified plant matter.
Sequence 5 is incomplete and its preserved thickness reaches 15 m. The
sequence starts with an up to 2 m thick unit of well-sorted, medium sandstones
displaying large-scale traction structures. These include broad, shallow channels
(up to 5 m long and 0.7, m deep) filled with trough-shaped cross-laminae and sets,
up to 0.5 m thick, of low- upward by a series of amalgamated, medium sandstone
layers, up to 3 m thick, with granule-rich basal levels. Shale intra-clasts and thin
zones of flat and ripple lamination can occasionally be present at the top of these
layers.
Interpretation: The exposed succession can possibly be interpreted in
terms of middle-fan distributary channel-depositional lobe systems. In this context,
the sequence 2 may represent a channel fill. The disturbed unit at the base may
have been emplaced by a lateral slumping of channel-wall sediment. The overlying
sequence 3 may record a gradual abandonement of the channel due to widening
of its cross-section with successive filling episode, which increased overbank
spilling of channelised turbidity currents. The coarsening-up sequence 4 may have originated through development of a depositional lobe, which
would possibly follow a topographic low left after the filling of the underlying channel. The pro-gradation of the lobe was succeeded by the
incision and filling of a feeding channel, a process envisaged for the sequence 5. The large-scale traction structures preserved at the base of
this sequence, may record an open channel flow conditions and sediment by passing before the channel became plumged by a thick flow.

Stop 6.2: Poręba Górna
The section is exposed along the bedrock of Poręba Górna Stream on the southern margin of the Mszana Dolna tectonic window (Figs.
C.23, C.28, C.29, C.30). The section is nearly 400 m long and displays the contact zone between the Grybów and Magura units and structure of
the basal part of the Magura Nappe. The exposed succession can be subdivided in-to 4 minor units differing in structure. The incomplete unit
1st belongs to the Oligocene Grybów beds of the Grybów Unit. The section begins with the SW dipping, massive muscovite sandstone of the
Cergowa type, passing upwards into black shales and mudstones with intercalations of thin-bedded sandstones and siderites nodules. These
beds are incorpored into three strongly deformed, outcrope scale thrust-sheets. These thrust-sheets display numerous NWN-SES to N-S
trending mesoscopic, subvertical thrust-fault propagating folds. The unit 2 begins with SW dipping sole trust of the Magura Nappe (PorębaKonink thrust-sheet). The inclination of the thrust surface is around 30°. The basal portion of the Magura nappe is representyed by the 3 m
packet of the medium-bedded sandstones and grey-greenish shales of the Senonan age. This stratified unit is covered by 40-50 metres
complex of chaotic deposits, known as the Poręba Wielka beds (see BURTAN ET AL. 1978). The stratified and chaotic units contact along the
south dipping inverse fault. The chaotic deposits display fragments of blue-greyish, medium-grained non-calcereous sandtones of differnt size
(from 1 cm to 1,5 m boulders) and shape, dispersed in the green-greyish and dark-greyish, non-calcereous, claye-claystone material. Among
these sandstone fragments, the small lumps of drag-folds have been observed. The sandstone fragments showing primary fractures often with
calcite mineralization. The sandstone clast and shales sometimes reveald the remnants of primary stratification. The chaotic deposits occur in
the layers of few to -50 centimeters thick, with two-type of boundaries; fluidal-and shear fractute plane boundaries. The shear plane-type
boundary often is acompanied by calcite veins. Both type of baundaries are gently dipping and are more or less parallel each to other, towards
the NE and SW in the basal and top part of chaotic body respectively. These subhorizontal planes are ocassionally cut by W-E trending
subvertical, south dipping inverse faults with kalcite mineralization. The lower strongly chaotic part is covered by the upper less chaotic part with
more frequent primary type of stratification. Towards the top of this unit random dispersed sandstones fragments are progressively replaced by
the boudine-like fragments.
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Fig. C.27: Geology of the Dunajec river valley between Tylmanowa
and Łącko (after OSZCZYPKO ET AL. 1992).
A-geological map: 1- Szczawnica Formation, 2- Zarzecze Formation,
a-Krynica Sandstone Member, 3- Żeleźnikowa Formation, 4- Magura
Formation, 5- Mniszek Shale Member; 6- thrust of Krynica zone upon
Bystrica zone, 7-faults; B- Sedimentological log of the Piwniczna
Sandstone Member at Tylmanowa (based on OSZCZYPKO & PORĘBSKI
1985): 1-conglomeratic sandstones and conglomerates, 2sandstones, 3- mudstones and clayey shales, 4- attitude of sole
marks: a- flute casts, b- drag groove casts; 94:6- sandstone:shale
ratio. Numbers refer to sequences described in the text by N.
Oszczypko & S. Porębski; C- composition of heavy minerals: 1garnet, 2- turmaline, 3- rutile, bruckite, anatase, 4- zircon, 5staurolith; ł1,ł9-bed nymbers;st- top, sp- base; D-depositional model
of the Magura basin during early Eocene times:1- cotinental crust of
the Silesian cordillera (SR) and Czorsztyn Ridge (CR), 2- exotic ridge
of Andrusov (AR), 3- oceanic or transitional crust, 4- Upper
Cretaceous units of the Pieniny Klippen Belt, 5- pelagic and
hemipelagic deposits, 6- thick-bedded turbidites. Selecteed
references: BIRKENMAJER & OSZCZYPKO 1989, OSZCZYPKO &
PORĘBSKI 1985, OSZCZYPKO ET AL. 1992)

The chaotic unit (Poręba Wielka beds) is
tectonically followed upward by the 50 m thick unit 3, which
is characterized by occurence of outcrop scale NWN-SES
trending recumbed and imbricated folds of the Malinowa
Fm.(Turonian-Santonian) and Kanina beds (Campanian).
This unit passed into steep southwest dipping thin-bedded
flysch of the Kanina beds and the thick-bedded Szczawina
sandstones (Maastrichtian/Paleocene). These sandstones
showing britlle type of deformation with numerous smallscale W-E and WNW-ESE trending, and S i SWS dipping
inverse faults.
Interpretation. The chaotic deposits from the
Poręba Górna section were interpreted both in sedimentary
(submarine slump, KSIĄŻKIEWICZ 1958, see also
CIESZKOWSKI ET AL., 1987, MASTELLA, 1988) as well as
tectonic (metamorphic tectonites or "wildflysche", see
BURTAN & ŁYDKA 1978, BURTAN ET AL. 1978) terms.
According to BURTAN & ŁYDKA (1978) and MASTELLA (1988) the temperature during overthrusting reached 300-350 °C. In our opinion the chaotic
deposits reveald the direct relation to the Magura Nappe sole thrust. Its is supports by observation of degree of the tectonic deformation, which
drastically decreased outside of the Magura thrust, both in the Magura as well as the Grybów successions. The thrusting of the Magura Nappe
onto the Fore-Magura (Grybów and Dukla) begun to develop during the Late Oligocene. This process wa probably simulataneusly with
deposition of the Zawada Fm in the Magura piggyback basin (OSZCZYPKO ET AL. 1999, OSZCZYPKO & OSZCZYPKO-CLOWES 2002). The last act of
the overthrusting probabbly took place during the post-Middle Badenian time (see OSZCZYPKO 1998). It means that overthrusting lasted 9-10
ma. This process was probably iniciated in the submarine condition, when the front of the Magura Nappe reached the Dukla-Grybow sunbbasin.
As a result the Magura Nappe at least 2,5-3 km thick, build up of compated and impermeable rocks loaded and seal the low compacted, clayeysandy deposits of the Meniliti-Krosno Fm. of Grybów succession. It build up overpressured zone on the contact of the Magura Nappe and
Grubów succession (see also MASTELLA 1988), which was affected by the fracturing and frictional sliding. The proces of deformation in the
Magura/Grybów thrust zone was continueted during the Middle Miocene thrusting and development of the Mszana Dolna duplex structure.

Stop 6.3: Poręba Wielka - small-scale faulting in the Raća and Bystrica slices of the Magura Nappe
In the Poręba stream section, tightly folded and imbricated Upper Cretaceous flysch sequences of variable bed thicknesses, together
with the underlying 30-m-thick tectonic melange of the so-called “Poręba beds”, belong to two slices that are thrust roughly northwards upon the
Fig. C.28: Geological map of the Magura Nappe on the southern margin of Mszana
Dolna tectonic window (after OSZCZYPKO ET AL. 1999A). 1-Oligocene Krosno beds
of Dukla Unit, 2-Grybów Unit, (3-9) Magura Nappe - Bystrica Subunit: 3-AlbianCenomanian deposits, 4-Cenomanian-Paleocene; Eocene: 5-Łabowa Fm., 6Zarzecze Fm., a-variegated shales, 7-Beloveza Fm., 8- Bystrica and Żeleźnikowa
fms., 9-Maszkowice Mb. of the Magura Fm., 10-Krynica Subunit, 11-Grybów
overthrust, 12-Magura overthrust, 13-Bystrica Subunit internal overthrusts, 14Krynica overthrust, 15-faults, 16-cross-sections.
Dukla s.l. nappe which crops out in the Mszana Dolna tectonic window. The
northern slice is probably an equivalent of the Rača subunit, the southern
one is the Bystrica slice. Both these slices are subsequently subdivided into
minor horses, particularly tight in the Rača slice. The Bystrica slice is
overthrust from the south by another slice, called by OSZCZYPKO ET AL.
(1999) the Tobołów-Turbaczyk unit. In the Bystrica slice, the Upper
Cretaceous strata are overlain by not so intensely deformed Palaeogene
deep-water rocks of variable lithologies: from turbiditic siliciclastics, through
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megaturbiditic marls to fine-grained and clayey, distal turbidites (OSZCZYPKO 1991, OSZCZYPKO & ZUCHIEWICZ 2000). The Tobołów-Turbaczyk
unit, in turn, is largely composed of fine-grained and clayey thin-bedded to thick-bedded and medium to coarse-grained turbidites of Eocene age
whose habitus is similar to that of the Krynica subunit (OSZCZYPKO ET AL. 1999A).
Axes of map-scale folds, calculated from B -diagrams constructed for relatively homogeneous areas, plunge 84/25 in the Raća slice,
from 60/10 to 144/30 in a N-S section through the Bystrica slice, and 96/26 to 145/30 in the Turbaczyk-Tobołów unit, showing different values
for lithostratigraphic members of different competence.
The highest degree of imbrication is confined to strongly deformed strata of the Rača slice that is subdivided into a few horses, up to few
tens of metres thick. These strata are cut by numerous small-scale faults that were formed under different stress fields. Fault planes are usually
lined with calcite and show well-preserved slickensides. On some fault planes, two to three sets of striation of different age can be found.
Crosscutting relationships indicate that the oldest fault set is represented by WNW-orientated low-angle thrust faults, showing top-to0
the-north displacement. A younger set includes NNE-orientated reverse faults of top-to-N54 W-displacement. The next generation is
represented by older, ENE-striking, dextral faults, and younger, mostly SE-trending, sinistral faults that were formed under horizontal maximum
0
0
compressive stress aligned N90 E and N76 E, respectively. The youngest and most numerous are normal faults whose formation was also
accompanied by “normal” reactivation of some older faults. These are widely scattered, although generally orientated NW-SE. The faults
0
originated due to orogenic collapse under stress field characterised by vertical F1 and horizontal F3, which was orientated N8 E in the northern
0
part to N22 E in the southern part of the Raća slice.
Farther southward, within individual horses of the Bystrica slice, the youngest episode of normal faulting proceeded under stress field
0
0
0
that was characterised by differently orientated F3: from N44 W in the northern and N33 W in the southern part, to even N87 E in the TurbaczykTobołów unit. In the latter unit, the sequence of faulting preceding the orogenic collapse was also different from that in more northerly units. The
0
oldest, reverse faults originated under horizontal, N43 E - orientated maximum compressive stress, and were later replaced and an episode of

Fig. C.29: Lithostratigraphic section of the KoninaLubomierz sequence of the Bystrica (after OSZCZYPKO
ET AL. 1999A). 1-red shales, 2-turbidite limestones, 3turbidite marls, 4-hornstones, 5-thin to mediumbedded turbidites, 6-thick-bedded turbidites, 7-thick
bedded sandstones and conglomerates, 8paleotransport direction, 9-numbers of samples, 10barren samples, 11- Reticulophragmium amplectens
(Grzybowski), 12-litostratigraphic units, 13-TTT sole
thrust, 14-faults. Litostratigraphic units: (1-11) Bystrica
sububit: 1a- Hulina Fm., 1-Malinowa Sh. Fm. and
Hałuszowa Fm., 2-Kanina beds, 3-Szczawina Ss., 4Ropianka beds, 5-Łabowa Sh. Formation, 6-Beloveža
Formation, 7-Bystrica Fm., 8 -Żeleźnikowa Fm., 9Maszkowice Mb.of the Magura Fm., 10-Mniszek Sh.
Mb., 11- Poprad Ss. Mb., TTT: 12-Zarzecze FM., 13Maszkowice Mb.
Fig. C.30: Geological cross-sections (after
OSZCZYPKO ET AL. 1999A). 1-variegated shales, aTuronian-Senonian,
b-Eocene,
2-thin-bedded
turbidites, 3- marls, 4- thick-bedded sandstones and
marls, 5-conglomerates and sandstones, 6-Grybów
overthrust, 7-Magura overthrust, 8-other overthrusts,
9-lithostratigraphic units: 14- Szczawnica Fm., 15Zarzecze Fm., 16-Krynica Mb. of the Zarzecze Fm.,
17-Piwniczna Ss. Mb. of the Magura Fm. For other
explanations see Fig. C.29.
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strike-slip faulting under horizontal and E-W trending F1. Similarly orientated, horizontal F3 took over during the final episode of normal faulting in
this unit (Fig. 29).
Differences in structural style between the Bystrica slice horses (BS) and the Tobołów-Turbaczyk unit (TT) are also to be observed in
the Koninki stream section, located few kilometres eastward of the Poręba section. The sequence of faulting events is more or less similar
0
0
throughout the units: starting from low-angle thrust and reverse faulting (with horizontal F1 changing southwards from N18 W to N24 E in BS
0
0
0
0
0
0
0
0
and N60 W to N30 E in TT), through sinistral (F1 N80 W - N30 W in BS to N20 W - N30 E in TT) and dextral faulting (F1 N25 E - N35 E in BS to
0
0
N-S in TT), to the final episode of normal faulting and “normal” reactivation of older faults, characterised by F3 changing from: N80 W, N60 W
0
0
and W-E in BS to N80 E and N70 E in TT. In the latter unit, an additional, younger generation of normal faults has been found that was formed
0
under F3 orientated N25 E (Fig. C.31).
These differences could have resulted either from subsequent rotations along floor thrusts of individual slices during the latest episode
of thrusting in that part of the Carpathians or from diversified uplift of the area. The last hypothesis appears to be a more plausible one.
Thin-bedded Oligocene strata of the Dukla s.l. nappe, cropping out in front of the overthrust Magura Nappe, are also tightly folded and
build a number of subthrust duplexes (MASTELLA 1988). Axes of map-scale folds in the upper, Grybów subunit plunge 272/8, whereas those
deforming Krosno beds of the lower, Mszana Dolna subunit in the Koninki stream section trend 100/20 and are overprinted by another
generation of folds plunging 220/35. The Krosno beds are cut by a series of small-scale faults formed in a triaxial stress field: the older set is
0
represented by both low- and high-angle reverse faults that are indicative of maximum compressive stress axis trending N60 W, the younger
0
one is dominated by normal faults pointing to F3 aligned also N60 W.

Fig. C.31: Cartoon showing variable position of horizontal δ1 and δ3 during structural evolution ofv the population of minor faults in the Magura Nappe south of the Mszana
Dolna.
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THE MALÉ KARPATY WINE ROUTE EXCURSION:
A GEOLOGICAL GUIDE
M. Putiš & P. Uher

Paleozoic basement complexes of the Malé Karpaty Mountains: a brief characteristics
The Paleozoic (crystalline) basement rocks form the main part of SW-NE trending horst of the Malé Karpaty Mountains between
Bratislava and Horné Orešany in distance of ca. 40 km. This type of the basement continues also to the adjacent Hundsheim Hills near Berg
and Hainburg an der Donau in Austria. The basement belongs to mid-Cretaceous tectonic Tatric Zone of the Central Western Carpathians
(Plašienka et al., 1997).
The Lower Paleozoic basement rocks (Fig. 1, 2) comprise metamorphites (mainly metapelites to metapsammites, metabasites, black
schists and rare marbles) and Variscan granitoids. Several types of stratiform and hydrothermal mineral ore deposits are connected with the
evolution of the basement complexes. Geological structure of the basement formed during Variscan (Devonian-Carboniferous) orogeny and
appears to be (like a Gemeric Paleozoic basement) part of accretion collisional wedge in front of higher-grade S-vergent crystalline basement
nappe system (Putiš, 1992).
The Alpine (Late Cretaceous) orogeny caused an anchimetamorphic overprint, cataclasis to blastomylonitization of the basement-cover
rocks thrust in form of a (Bratislava-Modra) Nappe over the Mesozoic (Orešany and Borinka) units to the NW. Neo-Alpine (Miocene to
Quaternary) uplift tectonics exhumed the Paleozoic basement into the recent level.

Fig. 1: Geological-tectonic map of the northern Malé Karpaty Mts. (Putiš 1987a). 1 – Quaternary, Tertiary; 2 – Krížna nappe; 3 – cover succession of the Bratislava-Modra
nappe; 4 – carbonate „neptunic“ dykes; 5 – Middle-Triassic limestones and dolomites (deformed, with a stretching lineation and slightly recrystallized) of a deeper probably
Orešany nappe (Infratatricum) tectonically included into the base of the upper Bratislava-Modra nappe (Tatricum); 6 – Mesozoic of the Orešany nappe (undivided); 7anchimetamorphosed Permian arkoses of the Orešany nappe in the base of the upper Bratislava-Modra nappe; 8 – amygdaloid andesite-basalte (Permian?); 9 – Variscan
granitoids of the Bratislava Massif (the Pezinok pre-Alpine nappe); 10 – Variscan granodiorites and tonalites of the Modra Massif (the Pernek pre-Alpine nappe); 11 – a –
granites of the Modra Massif, b - aplites and pegmatites of both massif; 12 – amphibole diorite; 13 – metabasites of the Čertov kopec Formation with the so-called
productive zones of pyrite-pyrhotin mineralization; 14 – black quartzitic schists of the Dubová Formation; 15 – Devonian marbles of the Dubová Formation; 16 – quartzitic
metapelites of the Harmónia Formation; 17 – schists and metagraywackes (with lithic types) of the Harmónia Formation; 18 – phyllitic schists of the Harmónia Formation;
19 – paragneisses of the Limbach Formation; 20 – contact hornfelses with andalusite and cordierite; 21 – very low-temperature blastomylonites (74 Ma, Putiš 1991) of the
Modra granitoids; 22 – cataclasites and ultracataclasites; 23 – a – pre-Alpine metamorphic schistosity, b – pre-Alpine metamorphic lineation; 24 – a – B-axes of Variscan
cleavage folds, b – B-axes of kink (late-Alpine) folds; 25 – anchimetamorphic schistosity; 26 – Variscan (post-granitoid intrusion) thrust of the Pernek nappe over the
Pezinok nappe; 27 – meso-Alpine thrust of the Bratislava-Modra nappe (Tatricum) over the Orešany (Infratatricum) and Borinka (Infratatricum) subautochthon; 28 –
refolded thrust (nappe) plane (27); 29 – thrust plane of the Krížna nappe; 30 – internal reverse-fault palne; 31 – lateral strike-slip fault; 32 – tectonic boundary; 33 –
lithological boundary.

Characteristics of the basement lithostratigraphic units
Two different paleotectonic volcano-sedimentary groups have been distinguished in the basement rocks (Putiš, 1986, 1987; Putiš et al.,
in prep.):
The Pezinok Group with Limbach (pelites, rare basites), Harmónia (pelites, psammites) and Dubová (black shales with carbonates,
rare gabbrodioritic dykes) Formations ranging from Ordovician? to Lower Devonian (Emsian; according to palynology, Cambel - Planderová,
1985), representing marginal part of a back-arc basin (Fig. 2).
The Pernek Group with Čertov kopec Formation (Devonian?) representing an oceanic crust (an incomplete ophiolite succession, Ivan
et al., 2001) composed of basalts (N-MORB), doleritic gabbros, basic tuffs interlayered by black shales enriched in Co, Cu, Ni, Cr, Sr, V and B
(Khun, 1985) and with stratiform pyrite-pyrrhotite and a younger stratabound-like Sb-Au ore mineralization (Chovan et al., 1992).
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Variscan metamorphism, granitoid magmatism and tectonics
The two volcano-sedimentary groups (Fig. 2) were tectonically juxtaposed in form of synmetamorphic (pre-granitoid) nappes; the Pernek
Nappe is thrust to S over the Pezinok one (Putiš, 1986, 1987). The volcano-sedimentary rocks of the formations were regionally
metamorphosed (387±38 Ma, Bagdasaryan et al., 1983, Rb-Sr age of metamorphic biotite) under predominated biotite-garnet zone conditions,
with rare occurrence of kyanite (Dyda, 1999). Bratislava S-type (Cambel - Vilinovič, 1987) granitic body (around 350 Ma, Bagdasaryan et al.,
1982, Finger - Broska in Petrík et al., 2001) intruded tectonostratigraphically deepest Limbach Formation of the Pezinok Nappe with a
simultaneous periplutonic thermal overprint in narrow staurolite-chlorite and sillimanite-andalusite zones (3.5-5 kbar at 540-600 ºC after
Korikovsky et al., 1984; Putiš, 1987; Krist et al., 1992). The Modra I-type (Cambel - Vilinovič, 1987) granodiorite to tonalite (ca. 320 Ma,
Shcherbak et al., 1988, U-Pb zircon data) emplaced into shallower horizons of the Harmónia and partly Čertov kopec Formations cutting the
thrust plane of the Pernek Nappe overlying the Pezinok one, with distinct contact-metamorphic thermal overprint in cordierite-andalusite zone
(2-2.5 kbar at 600-650 ºC after Korikovsky et al., 1985).
Postgranitoid tectonic individualization of the Late-Variscan Bratislava and Modra tectonic segments resulted due to lateral strike-slip
movements, evident for example in the Pezinok – Pernek area with characteristic steep fan-like structure of planar fabrics. The NW-SE trending
thrust-fault dips ca. 60-70° to the NE. This system is infilled by leucogranites with gold-bearing quartz veins (Uher, Hrdlička and Putiš, in prep.)
located in separated Staré mesto granitic body (northern part of the Bratislava Massif).

Fig. 2: Lithostratigraphical columns of the Malé Karpaty Mts. Paleozic Formations (Putiš in Plašienka et al. 1991, modified). 1 – basalts, tuffs; 2 – volcanic breccias; 3 –
gabbros, gabbrodiorites; 4 – schists and quartzites with tuffogeneous admixture; 5 – tuffites; 6 – limestones; 7 – marly shales; 8 – bituminous schists and quartzites; 9 – pale
quartzites; 10 – clayey sandy shales; 11 - clayey shales; 12 – graywackes; 13 – lithic graywackes.

Alpine metamorphism and tectonics
The Tatric Bratislava-Modra Nappe (Fig. 3) is thrust to the NW over the Orešany and Borinka Infratatric units (Plašienka et al., 1997).
Late-Cretaceous age of thrusting is indicated by K-Ar ages of newly formed sericite in blastomylonitized granitoids (76-74 Ma, Kantor in Putiš,
1991) in the hanging wall of the Nappe. Anchimetamorphic overprint of Mesozoic cover of the Infratatric units occurred at medium pressures
(Plašienka et al., 1993).

Stop 1: Bratislava - Castle Hill
Bratislava S-type granites-granodiorites and pegmatites
The old quarries and outcrops on the S slope of the Bratislava Castle Hill exposed biotite to biotite-muscovite granites to granodiorites
and related granitic pegmatites of the Bratislava Massif. The granitic rocks of the Castle Hill represent equigranular medium-grained rocks
containing (Cambel - Vilinovič, 1987; in vol.%): quartz (24-33), plagioclase (30-39), K-feldspar (16-24), biotite (7-14) and muscovite (0-8);
principal accessory minerals are garnet (almandine), apatite, zircon and monazite-(Ce). The granitic rocks belong to peraluminous calc-alkaline
orogenic suite with S-type tendency, enriched in Si, Al, Na, K and depleted in Mg, Ca, Zr and REE`s. Nd-Sm isotopic values (εNd(350) = -2.74;
87
86
Sr/ Sr(350) = 0.70747 - Kohút et al., 1999), trace element geochemistry and accessory mineral assemblage indicate a crustal origin and
peraluminous metagreywacke/metapelitic protolith of the Bratislava granitic rocks (Petrík et al., 2001). Rb-Sr whole-rock isochron dating of the
Bratislava Massif yielded 347 ± 4 Ma (Bagdasaryan et al., 1982), U-Th-Pb electron-microprobe dating gave 355 ± 20 Ma (Finger - Broska in
Petrík et al., 2001).
The Bratislava granites to granodiorites are cutted by numerous veins of granitic pegmatites. The pegmatites commonly exhibit zoning
with aplitic, coarse quartz - K-feldspar - albite - muscovite (biotite) graphic, blocky K-feldspar and quartz, quartz - (fan shaped) muscovite and
albite zones (Dávidová, 1970). Almandine to spessartine, apatite, zircon, locally also gahnite, monazite-(Ce), magnetite, pyrite, beryl and
ferrocolumbite belong to characteristic accessory minerals of the Bratislava Massif pegmatites (Uher, 1992; Uher - Broska, 1995).
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Stop 2: Pezinok – Hrubá valley: the Stupy quarry
Gneisses, phyllites, black schists; Triassic carbonates; Variscan versus Alpine tectonics
The quarry reveals principal Alpine thrust-fault of the Tatric Bratislava-Modra Nappe over the Infratatric (basement-) cover succession of
the underlying Orešany tectonic unit (Fig. 3). The exposed Triassic rocks either belong to Infratatric Orešany unit, or to cover sequence of the
Bratislava-Modra Nappe within an overturned limb cropping out in tectonic window. The deepest Infratatric, subautochthonous Borinka unit is
only exposed along the western edge of the Tatric Bratislava-Modra Nappe.
The hanging wall of the shallowly W-dipping thrust fault build sillimanite-bearing gneisses of the Pezinok Group, Limbach Formation
(brown, visible in the upper part of the quarry wall) penetrated by pegmatite-aplite differentiates of the Bratislava Massif granites.
The footwall west-submerging recumbent fold is built of the Triassic quartzites, limestones and dolomites (the Orešany unit cover)
refolded and imbricated with the sericite-chlorite-biotite phyllites and black schists (the Pezinok Group, Harmónia and Dubová Formations) or
blastomylonitized Modra Massif granodiorites to tonalites accompanying the base of the Bratislava-Modra Nappe further to the NE, where the
Orešany basement-cover unit emerges again in a tectonic half-window.

Fig. 3: Geological profile in middle part of the Malé Karpaty Mts. (Hrubá dolina valley, Stupy quarry stop 2) (Putiš 1987a). 1 - Middle-Triassic limestones and dolomites
(deformed, with a stretching lineation and slightly recrystallized) of a deeper Orešany nappe (Infratatricum) tectonically included into the base of the upper BratislavaModra nappe (Tatricum); 2 - anchimetamorphosed Permian arkoses of the Orešany nappe in the base of the upper Bratislava-Modra nappe; 3 - Variscan granodiorites
and tonalites of the Modra Massif (the Pernek pre-Alpine nappe); 4 - Variscan granitoids of the Bratislava Massif (the Pezinok pre-Alpine nappe) with the veins of aplites
and pegmatites; 5 - paragneisses of the Limbach Formation; 6 - phyllitic schists of the Harmónia Formation; 7 - black quartzitic schists of the Dubová Formation; 8 - very
low-temperature blastomylonites (74 Ma, Putiš 1991) of the Modra granitoids; 9 - refolded thrust (nappe) plane of the Bratislava-Modra nappe; tectonic window into the
Infratatric Orešany nappe in the Hrubá dolina valley; 10 - lithological boundary.

Stop 3: Modra - Harmónia quarry I
Modra I-type tonalites – granodiorites; metasandstones - contact horfelses
Modra biotite tonalites to granodiorites (Fig. 1) represent late-Variscan granitic magmatism of the Western Carpathians basement. They
are equigranular, medium-grained rocks containing (Cambel - Vilinovič, 1987, in mol.%): quartz (30-31), plagioclase (52-57), K-feldspar (0-4),
biotite (9-12), muscovite (0-3). Principal accessory minerals are apatite, zircon, allanite-(Ce), epidote, magnetite and pyrite. Locally, aplitic dykes
are present. The Modra Massif granodiorites to leucotonalites show calc-alkaline I-type tendency with enrichment in Al, Ca, Mg, Zr and REE`s
and depletion in Si, Na, K and Rb. (Meta) igneous low crustal protolith with possible upper mantle admixture is suggested for these granitic
rocks (Petrík - Broska, 2001). Whole-rock Rb-Sr and U-Pb zircon dating yieled Upper Carboniferous age: 324 ± 4 Ma and 320 Ma, respectively
(Bagdasaryan et al., 1982, Shcherbak et al., 1988).
The garnet-bearing phyllites (the Pezinok Group, Harmónia Formation) are intruded by the Modra tonalite which thermally overprinted
older regional-metamorphic rocks. The formed hornfelses or spotted schists contain cordierite and andalusite (chiastolite) blasts, later replaced
by sericite and chlorite.

Stop 4: Modra - Harmónia quarry II
Devonian metacarbonates
Metacarbonates of the Pezinok Group, Dubová Formation form lensoidal ca. 20 m thick bodies within the black shale horizon (Fig. 1, 2).
The bodies are locally interlayered by basic tuffs and hyaloclastites the latter characteristic of the upper part of the Formation sometimes with
small gabbrodiorite veins. The fossil record (palynomorphs, rare Tentaculites and crinoides) and stratigraphic position above the Emsian lithic
(meta)graywackes of the Harmónia Formation (Cambel - Planderová, 1985) points to mid-Devonian age of the (meta)carbonates. The
metacarbonates are locally intruded by the Modra Massif granodiorites to tonalites. Calcian skarns (erlans) with calcite, grossularite,
vesuvianite, wollastonite, diopside, epidote and titanite are developed on the close contact between granitic rocks and carbonates (e.g. adjacent
Dolinkovský Hill and near Dubová village).
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POST CONGRESS EXCURSION D
INTRODUCTION TO GEOLOGICAL EXCURSION TO THE GABCIKOVO AREA
I. Mucha, D. Rodak, Z. Hlavaty, L. Bansky
DANUBE, DANUBIAN LOWLAND, GEOLOGY, HYDROGEOLOGY, HYDROELECTRIC POWER PROJECT
Danube
Danube, Donau, Dunaj, Duna, … a poetic river, reappearing in its untouched shape, accompanied by the nostalgic melody of Johann Strauss’s
On the Beautiful Blue Danube waltz. The natural evolution of the Danube and the changes resulting from a dynamic development of civilisation,
along its banks contributed to the present character of the Danube, which seems to be as untouched as European nature in general.
Systematic observation of water stages and discharges started in Bratislava in 1823, and records are available dating from 1876. The
3
3
3
Danube average flow volume is 6500 m /s at the estuary of the Danube, 2340 m /s at Budapest, 2025 m /s at Bratislava and 1920 at Vienna.
3
The largest estimated Danube discharge in Vienna was some 14 000 m /s at the time of the flood of 1501 when the water level was some 1.8 m
3
above the water level at the time of the 1954 flood (some 10400 m /s). In 1954 the river flooded some 33000 hectares in the Szigetköz area and
3
in 1965 it flooded some 114 000 hectares (peak discharge of 9171 m /s) in Slovakia.
3

3

The annual average discharge in Bratislava is 2025 m /s, the minimum measured discharge is 570 m /s and the highest measured discharge is
3
3
10400 m /s. Predictable 100, 1000 and 10 000 year floods are 10600, 13000, 15000 m /s, respectively. The same data of the Danube discharge
3
3
at Nagymaros are 2421, 590, 8180 m /s for measured discharges, and 8700, 10 000, 11 100 m /s for predictable floods. The retention
function of the flood-plain area (natural polder effect of inundation area) between Bratislava and Komárno was preserved. For example,
3
during the flood event in March 2002 peak discharge in Bratislava was 8500 and in Budapest 7360 m /s, which includes also discharge of
tributaries.
The water level in the Danube is a result of the discharge, depth and shape of the riverbed, including the flood-plain area, which since the last
century is restricted to the area between flood protection dikes. To show the long-term development of water levels computed changes of
discharge and water levels at gauging stations for the last 30 years before putting the Gabčíkovo project in operation are given on Table 1.2.
Table 1.2. Decrease of average discharge and average water levels in the Danube
3
Locality
River km
discharge in m /s
water level in m
Bratislava
1868.7
12.84
1.32
Rusovce
1855.9
1.10
Gabčíkovo
1819.6
0.20
Medveďov
1805.4
1.05
Kližská Nemá
1792.4
1.14
Zlatná na ostrove
17792
0.98
Komárno
1767.1
74.63
0.63
Danubian Lowland
The historical changes of the Danube area are a consequence of geological development and the often-changed climatic relations during
Quaternary time (River Danube in this area originated in Mindelian time.). One has to include the changes in the volume and movement of
gravel and fine sand in the Danube; a deepening, increasing, decreasing and meandering of the riverbed; sedimentation and erosion processes,
and frequent floods.
For over 300 years, the Danube has served as an avenue for commerce and as the basis of the economic development of its riparian States. Its
waters have been managed and extensively utilised by these States. The region of the Danube downstream Bratislava, along the SlovakHungarian boundary has also become an increasingly developed area. It is high urbanised, intensively farmed, and the forests between
Bratislava and Budapest have long been managed so as to produce industrially useful wood, leading to the gradual replacement of the original
species. This, along with the extensive navigation and flood protection works, both in the region downstream Bratislava and also in upstream
States, has created specific environmental effects. The first big dikes, designed to protect agricultural land and settlements from floods, were
constructed under the rule of Béla IV., in 1235-1270, downstream from Bratislava, at Gönyü. The first basic stage of the Danube regulation and
flood control development was realised between 1759 and 1914. The main channel, which has been in use ever since, was created by
regulation, started in 1831 and completed in the last years of 19 century.
It is beyond question that the current condition of the Danube and its flood plain is the result of centuries of human intervention. It is a
river that has contributed greatly to the development of the States sharing the Danube basin. It is a river that has been extensively utilised for
navigation, water supply, and fishing and more recently for hydroelectric power production and other purposes. I is equally beyond question that
whenever measures are taken to modify the flow of a river, as contemplated by the Gabčíkovo – Nagymaros hydroelectric power project, there
will be environmental effects, some adverse. This is true of all projects. The same modern technology that has made possible complex river
projects has also led to techniques to measure the environmental impacts and to avoid, offset, mitigate, or remedy them. In the EC Fact Finding
Mission report [2] it was concluded “the environmental impacts of reducing the discharge in the Danube are negative, unless proper remedial
actions are taken”. As will be shown below, such impacts were dealt with and this with a great deal of success.
th

Independent EU experts [1] in November 23, 1992 outlined the state and trends in the area, “Before the 18 century the Danube split
downstream from Bratislava into two almost identical arms. Near Bratislava it was partly a braided river with many small islands, as a result of
progressive sedimentation where the Danube entered into the plain. Both arms were however meandering river systems and the Little Danube
th
(Malý Dunaj) still is. Large changes occurred during the 19 century, when the first regulation works started. Within several decades the system
changed into a braided river. Some of the older branches are still present in the landscape”.
“With the past endikements, especially during the last century, flood peaks became steeper and higher, flooding more frequent but in general
with a shorter duration. The original zoning in vegetation towards higher grounds and associated forests was largely ‘diked’ out of the system.
Most of the higher, no longer flooded soils were converted into agricultural lands” [1].
“These river regulation works led to a deliberate and natural cutting off and bundling of river branches into one main, straightened and heavily
fortified channel for navigation. This remaining channel is characterised by rapid water level fluctuations and very large stream velocities. The
cut off branches, behind the fortified riverbanks, are only activated at higher discharges. Within the river branches many small weirs and dams
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were built, so most of them behave like cascade systems at low discharges. The interaction with the side arms so created became limited.
According to the experts of the Commission of the European Communities [1], flow in almost all river arms in pre-dam condition existed on an
average of only 17 days per year.

Geology and hydrogeology
The Gabčíkovo – Nagymaros Project consists of two parts, or steps, the Gabčíkovo part of the Project and the Nagymaros part of the
Project. The Gabčíkovo part of the Project is situated in the central part of an intermountain depression, the Danube basin, called in Slovakia
"Podunajská nížina" !Danubian Lowland". The Danube basin is filled by Late Tertiary (marine and lacustrine sand, fine sand, clay, sandstone,
shales) and Quaternary sediments (river Danube sand and gravel settled in fluvial or lacustrine conditions). The total depth of the Quaternary
and Tertiary sediments is 8000 m, with the uppermost Danube River fluvial sediments creating a main aquifer of high permeable gravel
and sand. The thickness of the river Danube fluvial sediments, or the Danubian aquifer, ranges from a few metres at Bratislava to more than
450 m at Gabčíkovo, and goes back to a few metres downstream of Sap in the direction towards Komárno. Beneath this, a system of
substantially less permeable aquifers and aquitards exist.
The important factors in the Danube transport and sedimentation processes are the existence of a granite threshold connecting the Alps and
the Carpathians in the area of Bratislava, with an outcrop of granites in the Danube River bed. A similar hard rock river threshold,
predominantly of andesite rock, is situated at Nagymaros (between the cities of Štúrovo#Estergom and Visegrád#Nagymaros),
some 160 km downstream from Bratislava. Both thresholds are natural geological hydraulic barriers, steps or thresholds, in the
riverbed. These are the upstream and downstream geological boundaries of the aquifers and the hydrological barriers naturally
damming the Danube River bottom.
Typical for such thresholds are a high gradient of the riverbed (40 cm per km), high water-flow velocities (at Bratislava 2 to 5 m/s) and therefore
lower navigation water depth, higher erosion downstream of such a threshold, moving fords, meandering of river and river arms, etc. The part of
the river at Bratislava, just downstream from such a threshold, is a typical example. The flow velocity is high, the aquifer is shallow but with an
extremely high hydraulic conductivity (permeability) reaching 0.1 m/s. Two municipal waterworks are situated at the granite threshold one on
each side of the river. The Bratislava waterworks is on the Danube left side, Sihoť island, and is more than 100 years old. The second
waterworks at Pečniansky les is on the Danube right side. These waterworks supply Bratislava with drinking water of some 1500 and 600 l/s,
respectively. Both riverbanks in front of these waterworks are natural. And this is the place where the impact of the Gabčíkovo step starts, with a
slight increase of the Danube water level.
Just downstream from Bratislava the Danube forms two branches, the Malý Danube in Slovakia and the Mosoni Danube in Hungary.
These branches create two analogous islands, "Žitný ostrov" in Slovakia and "Szigetk$z" in Hungary. In the Gabčíkovo part of the Project,
between Bratislava and Medveďov, the Danube formed an "inland delta" region, in geological literature expressed as an alluvial fan,
through which it once meandered. This “inland delta” has its original typical morphology, i.e. meandering river, numerous river branches, coarse
sediment accumulation and erosion, changes in riverbed gradient, etc. This large alluvial fan consists of a highly permeable extensive aquifer,
capable of carrying and transferring high volumes of ground water. The Danube flows on the top of this “fan”, above the surrounding surface.
Water from the Danube infiltrates in all water stages into the fan sediments and flows downward as ground water through the Danubian
Lowland, nearly in parallel with the Danube River. In the lower part, where the slope of the river and the surrounding area suddenly decrease
to the one quarter of its gradient at Bratislava (to some 8 – 10 cm per km), the ground water flows back into the Danube river via its own river
arms, the Danube tributaries, and the drainage canals. All this occurs because of the lowered permeability, and lowered aquifer thickness
downstream from Gabčíkovo, which is a result of changed sedimentation conditions upstream of the andesite hard rock threshold barrier at
Nagymaros.
Between falling as precipitation and passing out of an area as stream-flow, water moves over (surface water) or through the ground (ground
water). This is the typical relation between precipitation and river flow. The peculiarity of the Danube section of Danubian Lowland section
between Bratislava and Sap is that the Danube flows above the local terrain, on top of its own alluvial fan. This fan is made up of
layered gravel and sand typical of piedmont situation, where a mountain stream enters the plain. The Devín gate at Bratislava, through its
bedrock river bottom, acts as the mountain front. Immediately downstream the river gradient is relatively steep while downstream near Sap it is
gentler and thereby thick layers of gravel and sand are deposited on the Neogene bedrock. This provides a highly permeable aquifer as much
as 450 m thick near Gabčíkovo. As the river splits over its banks and shifts its position a low-angle alluvial cone is built on whose upper surface
the Danube flows (as far as the Malý Danube to the north and the Mosoni Danube to the south).
At all water stages the elevated riverbed supplies the ground water, which flows partly towards the Malý Danube and Mosoni Danube and
partly towards the system of drainage canals. The significance of this arrangement is also vital during the flood events. The effect of the
bursting of the Danube banks and protective dikes is extreme inasmuch as there is no natural raised terrain or higher terraces to
contain the escaping water flow, as it is the case in normal alluvial conditions. Because of the thick and highly permeable aquifer, there is
also a secondary form of flooding. During high water levels in the Danube the ground water recharge is high and the ground water level is
pushed upward to the ground surface. This leads to a flooding of the lower lying areas even at some distance from the river, a situation called
inland water flooding.

Hydroelectric power project
The hard rock granite threshold and the andesite threshold, which naturally dam the Danube river bottom, and the places where the
alluvial fan ends, the place where sudden decrease of river gradient from 40 to 10 cm per kilometre take place, are also important
from the viewpoint of decision making. At these places there have been proposals to situate the hydropower stations known as
Wolfstal, Nagymaros, and Gabčíkovo, respectively.
According to the mutually agreed plan and Treaty 1977 [5] between Hungary and Slovakia, the Gabčíkovo-Nagymaros project is hydrologically
connected to the previously planned Slovak - Austrian hydroelectric power plant at Wolfsthal, upstream from Bratislava, and to the project
Adony, downstream in Hungary (river kilometre - rkm 1601). The technical proposal is in accordance with the concept of the Rhine-MainDanube and Danube-Oder-Elbe navigation system and with all hydropower stations and dams on the Danube.
In the German sector of the Danube, some 26 hydroelectric power projects have been completed. In Austria ten hydroelectric power plants with
navigational locks are in operation on the Danube. A chart listing these Austrian plants and the year of construction appears bellow.
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Tab. 1.1. List of Austrian hydroelectric power plants on the Danube
Power plant
Year
Power plant
Jochenstein – with Germany
1956
Altenwörth
Ybbs – Persenbeug
1959
Abwinden – Asten
Aschach
1964
Melk
Wallsee – Mitterkirchen
1969
Greifenstein
Ottensheim – Wilhering
1974
Freudenau (Vienna)
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Year
1978
1980
1983
1985
1997

The Gabčíkovo part of the Project
The Gabčíkovo part of the hydroelectric power project Gabčíkovo-Nagymaros was based on a combination of flood control, navigational
improvements, production of electrical energy and protection of nature. In their working group report [1] independent experts of the Commission
of the European Communities, stated on November 23, 1992: "In the past, the measures taken for navigation constrained the possibilities
for the development of the Danube and the flood-plain area. Assuming that navigation will no longer use the main river over a length
of 40 km, a unique situation has arisen. Supported by technical measures, the river and flood-plain can develop more naturally".
It emerges from the report of the Commission of the European Communities tripartite fact-finding mission [2], dated 31 October 1992, that “not
using the system would have led to considerable financial losses, and that it could have given rise to serious problems for the
environment”.
The hydroelectric power station, consisting of four blocks in which eight turbines and generators have been installed. They are all vertical
Kaplan turbines, with runners 9.3 m in diameter and a maximum capacity of 90 MW each. The total installed capacity of the hydropower station
3
3
is 720 MW with an operational discharge of 4000 m /s. Minimal and maximal discharges are 413 and 636 m /s per turbine, inversely related to
water level differences of 24.0 and 12.88 m, respectively.
Two navigation locks serve passing ships and barges sailing along the Danube. Each lock is 275 m long and 34 m wide. The real difference in
water levels between the upstream and downstream canal varies from 16 to 23.3 m.
The bypass canal, consist of the headwater section upstream from the navigation locks, a hydroelectric power station, and a tail-race section
(outlet canal) downstream from the power station.
The Čunovo reservoir is a part of the originally planed Hrušov-Dunakiliti reservoir, and is situated exclusively on Slovak territory. The area of
the originally designed Hrušov-Dunakiliti reservoir is 6000 hectares, and of the Čunovo reservoir approximately 4000 hectares, depending on
water level. The operational water level at Čunovo is about 131.1 m a.s.l. (above the Baltic Sea level); the minimal and maximal operational
levels are 129 and 131.5 m a.s.l., respectively. Ensured navigational depth is 3.5 m, according to requirement of the Danube Commission.
The intake structure at Dobrohošť supplies the inundation river branch system with water; it enables flood simulations for forestry and
3
ecological purposes. The discharge capacity is up to 240 m /s.
The original function of the Dunakiliti weir in the Gabčíkovo part of the Project is fully substituted by the Čunovo weir constructed on the
Slovak territory and inside of the originally planed reservoir area, upstream from the Dunakiliti weir.
Because at present the construction of the Nagymaros part of the Project on the Hungarian territory has not been built, the Gabčíkovo power
station is operated as a run-of-the-river plant in a “water-level regime”, meaning that the head water level is fixed and the allowed water level
3
fluctuation is ± 4 cm at a low flow discharge of up to 1500 m /s, and ± 15 cm at a higher flow discharge.

Other ecologic and social important structures
The main parts of the area and of the Gabčíkovo hydroelectric complex having ecological importance and importance to the regional
development are:
1.

The Čunovo reservoir is a new biotope incorporating typical conditions of river and flood-plain ecotopes as, for example, the slowly- and
fast-flowing main river beds, through-flowing deep and shallow river branches, flooded areas, and through-flowing lakes with variable
depths and diverse flow velocities. The Čunovo reservoir is raising the surrounding ground water level to the level known 30 years ago,
before bundling of river branches into one main, straightened and heavily fortified channel for navigation.

2.

Upper part of the Čunovo reservoir includes the original Danube riverbed, suitable for rheophilous species, a long shallow bay, suitable
for limnic species, and numerous islands with diverse banks, suitable for macrophytes and waterfowl.

3.

Lower part of the Čunovo reservoir includes a deep water area with linear and S shaped hydraulic structures, a waterfowl island, and an
area for storing mud and fine sediments in the future.

4.

At the ancient city of Šamorín there is projected harbour for yachts and sport vessels.

5.

Linear hydraulic structure is designed to ensure sufficiently high flow velocities in front of the waterworks at Šamorín and to maintain
high reservoir bed permeability without the deposition of fine sediments at places where ground water recharge towards the waterworks’
wells takes place.

6.

S-shaped hydraulic structure ensures a partially rotational flow and force sedimentation where it is harmless or advantageous. A function
of this structure is also to minimise algae eutrophication.

7.

Protected nature areas:

−

Protected Landscape: CHKO Dunajský luh (Danube flood-plain), established on the May 1, 1998, as a response to the new hydrological
conditions.

−

Nature reserve localities: Ostrov Kopáč, Topoľove hony, Gajc, Hetméň, Jurovský les, Ostrovné lúčky.

−

Protected sites: Bajdel, Poľovnícky les, Dolný hon, Park v Báči, Park v Rohovciach, Park v Kraľovičových Kračanoch, Park vo Vrakúni,
Park v Gabčíkove.

−

National nature reserves: Ostrov Orliaka morského, Číčovské mŕtve rameno.

−

Nature monuments: Pánsky diel, Kráľovská lúka.
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8.

After damming the Danube its original river bed has a lower discharge (at present, according to the Agreement between Republic of
3
Hungary and Slovak Republic signed in 1995, discharges are between 250 and 600 m /s), a lower but more variable and more suitable
flow velocities, cleaner water, a narrower river bed and more natural river banks. The river bottom is more stable and more suitable for
lithophilous species. There are excellent conditions for nesting and the wintering of waterfowls, especially in severe winters, because the
Danube is recharged by warmer ground water infiltrating during the summer from the reservoir. The riverbed resembles a large river arm,
similar to the earlier original state before the heavy stony bank stabilisation of the Danube. The abundance of aquatic organisms, mainly
the littoral organisms is much increased and the food variety and amount available is much larger than under pre-dam conditions.

9.

The seepage canals with on both sides of the reservoir and by#pass canal were designed to channel excess seepage water from the
reservoir, to regulate the reservoir-evoked raising of ground water level, and to control the ground water level fluctuation. Gates within 2 m
amplitude can regulate water level and surrounding ground water level. Seepage canals with nearly drinking water quality are suitable new
biotopes for some waterfowl, aquatic flora and fauna, and amphibians.

10. The waterworks at Šamorín, under present conditions of increased ground water recharge and raised ground water level, have the
discharge capacity of 1200 l/s. Ground water quality was not changed.
11. The Waterworks at Kalinkove, under present conditions of raised ground water level, have the discharge capacity of 600 l/s. Ground
water quality was not significantly changed.
12. Perspective water sources locality “Na pieskoch” is an excellent reserve for the future.
13. Waterworks at Rusovce is situated in the area where the ground water level was significantly raised. The ground water quality was, by
some parameters, significantly improved, on the area of the waterworks hygiene protection zone, and the discharge capacity is at present
at least 2480 l/s.
14. The area of water sports at Čunovo is constructed mainly for wild water sports and the transport of small sport boats between the
reservoir and the Danube. It also serves partly as the fish passage between the Danube and reservoir.
15. A polder was filled with gravel to take off the stagnant water body from the area of the waterworks at Rusovce.
16. A bay was filled by gravel, to hinder the concentration of waterborne (and floating rubbish) pollution in front of the Mosoni Danube intake
structure.
17. The intake structure for the Mosoni Danube and the small hydropower station was originally designed to provide a permanent and to
3
some extent variable water supply of 20 m /s into the Mosoni Danube, Zátonyi Danube and Hungarian river branches the whole year. At
3
present it yields up to 40 # 50 m /s. It is possible to regulate the discharge. In pre#dam conditions the Mosoni Danube was directly
3
supplied with water from the Danube only about 50 days a year, by discharges in the Danube over 3000 m /s.
18. The raised water level in the Cunovo reservoir improved the discharge control via the intake structure for the Malý Danube.
19. An intake structure at Dobrohošť designed to supply water to the Danube side arms on the Slovak territory takes water from the
by#pass canal. The discharge capacity is 240 m3/s. The intake structure supplies the inundation area and river branches with water, and
simulates water level fluctuation and floods for forestry and ecological purposes.
20. An intake structure to supply side arms on Hungarian territory is situated directly in the Dunakiliti weir is at present not in use. The
3
discharge capacity is up to 200 m /s.
21. There exist a system of intake structures supplying irrigation canals.
22. Partly sealed bottom of the reservoir serves to diminish the infiltration of surface water directly in front of the waterworks at Kalinkovo.
23. The underwater weir at Dunakiliti, constructed by Hungary in the framework of the Agreement between the Republic of Hungary and
Slovak Republic signed in 1995, is designed to raise the Danube water level and to allow direct water connection and flow from the
Danube into Hungarian river branches via openings in the riverbank. Discharge into branches is regulated by the water level regulation at
3
the Dunakiliti weir. The discharge capacity is over 200 m /s, according to the riverbank opening shape, underwater crest level and water
level regulated by Dunakiliti weir.
24. The inundation weir may be used to direct a part of the floodwaters into the Danube riverbed and inundation area downstream from the
3
damming of the Danube at Čunovo, usually, if the Danube discharge is over 6000 m /s.
25. The bypass weir was designed to channel and regulate flow discharge into the Danube, and to channel ice floes during construction of the
3
Čunovo structures including hydropower station, ship lock and weir. The long-term capacity of the weir is 600 m /s. At present the weir is
used as an auxiliary weir, regulating discharge into the Danube downstream of the damming, and partly as a fish passage. In the future it
can be fully adapted as a suitable fish#passage.
26. The Čunovo weir is designed to regulate the discharge into the Danube riverbed, the water level in the reservoir, and to release ice floes
and reservoir sediments.
27. An auxiliary navigation lock at Čunovo, connecting the reservoir with the Danube, can be used for navigation, for technical purposes,
and for smaller and tourist ships. It is also an access to the Dunakiliti harbour for any type of vessel.
3

28. The small hydropower station at Čunovo uses up to 400 m /s of the discharge from the reservoir into the Danube riverbed.
29. The bypass canal !diversion, power canal", which is a continuation of the Čunovo reservoir, directs the water to the power station and
serves as a navigation canal. The bypass canal can handle a flood discharge of up to 5300 m3/s. The maximum flow velocity will not
exceed 1.5 m/s during flood situations. The main ecological advantage of the bypass canal is that the navigation will no longer use the
3
main river over a length of 40 km. A flood discharge of 5300 m /s in the bypass canal lowers the discharge in the Danube during a flood
situation and protects the Szigetköz area. The bypass canal and the Gabčíkovo navigation locks are the main structures allowing a transfer
of navigation away from the main river over a length of 40 km.
30. A system of cascades in the inundation on the Slovak side from Dobrohošť to Gabčíkovo, raises water level and enables the regulation
of water levels in river branches of up to 2 m. Together with discharge control at Dobrohošť, it is possible to inundate the flood plain, to
simulate a flood, to remove settled organic material from the main branches, and to control the ground water level fluctuation in the flood
plain. Similar system has been developed in the Hungarian inundation.
31. A system of hydrogeochemical experimental observation wells, constructed during the PHARE project [3, 4] in 1993, is used to study
ground water chemistry and ground water quality processes.
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32. The Gabčíkovo Hydroelectric Power Station is producing environmentally clean energy !2#2.5 GWh annually" and regulating the
water level in the reservoir. The Hydropower Station does not directly influence the level of air pollution; however, production of net energy
associated with savings of fossil fuels is contributing to a decrease of Slovak emission of CO2, SO2, NOX, and ash by some 5 # 7%.
33. Dams are popular as cyclist and tourist routs.

Monitoring
A typical example of monitoring is the publication “GABČÍKOVO PART OF THE HYDROELECTRIC POWER PROJECT - ENVIRONMENTAL
IMPACT REVIEW (Evaluation Based on two Year Monitoring, 1995 and Evaluation Based on Six Years Monitoring, 1999) [3], published by the
Faculty of Natural sciences, Comenius University in Bratislava, in 1995” or reports [7, 11, 12, 13] “Joint Annual Report of the environment
monitoring in 1995, 1996, 1997, 1998” elaborated regularly according to the “Agreement between the Government of the Slovak Republic and
the Government of Hungary About Certain Temporary Measures and Discharges to the Danube and Mosoni Danube, Signed April 19, 1995.
More information is available at web site: WWW.GABCIKOVO.GOV.SK
The monitoring of the environment should provide information about the impact of various activities and realised measures on the
natural conditions, and to compare prognosis with the reality. The impact of the hydropower structures and realised measures is
expressed via changes in the hydrological regime of surface and ground water, further through the changes in the zone of aeration
(zone between surface and the ground water level), which include the soil horizon with plant roots, and further on through the
changes in flora and fauna. The goal of the monitoring is not only to estimate the changes after putting the hydropower structures and
measures into operation, but mainly to observe, evaluate, and to manage the water regime in such a way that the processes lead to improving
the impact of the hydropower constructions on the various parts of environment. Hydropower structures usually have many technical means for
managing the surface and ground water regime and thus also have large possibilities to positively influence environment.
The impact of the Gabčíkovo structures on biota occurs through changes in the ground water level in the zone of aeration. These changes
are manifested through changes in the soil moisture conditions of the zone of aeration, as compared to the soil moisture conditions without the
impact of the structures under similar other conditions. If there is a rise in the ground water level due to the construction of hydropower
structures, than there is also an increase of moisture in the zone of aeration, or occasionally the moisture may remain unchanged at
some depths, but there is in no case a decrease in the moisture caused by the engineering works. Reciprocally, if there is a decrease in
the ground water level due to the construction of the engineering structures, then there is also a decrease in the soil moisture, or
occasionally the moisture may remain unchanged at some depths, but there is in no case an increase in the moisture caused by the
engineering works. Therefore, neither an increase of the moisture in the zone of aeration due to a lowering of ground water level, nor a
decrease of the moisture in the zone of aeration due to a rise of ground water level, can happen.
The interpretation of ground water level changes is therefore, the basis for interpreting monitoring data of biota.
In an interpretation of the impact on the environment, a lowering of the ground water level means changes into more hygrophobe !dry"
biocoenoses, a rise of the ground water level means changes into the more hygrophilous !wet" biocoenoses. If the criterion is
accepted that hygrophilous biocoenoses are more valuable, more original or native in the flood-plain area, that they have higher
biodiversity and higher genetic diversity, then it is very easy to define areas with negative and positive changes, and this according to
the changes in ground water levels.

Ground water level regime
The long-term lowering of the water in the Danube was one of the factors leading to the decrease of discharges in the Maly Danube and the
Mosoni Danube, to general lowering of ground water levels, and to changes in the ground water flow directions and velocities.
The ground water monitoring shows the long-term drop of average ground water levels in a pre-dam period. Highest decrease of ground water
level, more than 4 meters, occurs just downwards from Bratislava.
The impact of the damming of the Danube (putting of the Gabčíkovo part of the Project into operation by means of the dam at Čunovo) shows
increase of ground water level approximately to the previous stage, known in 1960-ies.
The changes in the ground water levels observed in the flood-plain area, and generally in the whole region, confirm the positive
impact of the Project, in particular on the upper part of Žitný ostrov, and an important positive role of the water supply system for the
left side Slovak flood-plain area since 1993, and the right side Hungarian flood-plain area since 1995.The observations support the
expectation that, after completion of the water supply facilities for the remaining part of the flood-plain area in the vicinity of the tailrace canal
and construction of some underwater weirs in the Danube a positive impact on ground water will occur here too. The measurements of the
ground water levels confirm that there is a general trend towards the re-establishment of the situation known some 40 years ago on the greater
part of the territory. Such ground water level situation is more natural.
It is evident that as far, as the impact of the Project on soils, agriculture, forestry and environment in general is concerned, the central role
belongs to the change in ground water levels and ground water level fluctuation regime and to the changes in the ground water interaction with
the soil. This impact is transferred via the aeration zone through capillary transport up to the soil. The soil moisture is strongly conditioned by the
availability of precipitation water (rain, snow melting and irrigation water) and water transported from the ground water via capillary rise. This
influences the plant transpiration, the soil aeration and temperatures, the vertical transport of nutrients, chemicals and pollutants, and also the
long-term development of soils and soil structures.
The capillary rise is determined mainly by the character of sediments or the type of soil, their thickness, the ground water level (depth) and its
fluctuation. The capillary transport in gravel deposits is nearly zero. The maximum capillary transport exists in loess (eolian sediments). Good
capillary transport exists in finer sediments such as fine sand silt, loam and agricultural soils.
For agricultural production it is important in which sediment and soil horizon the ground water level fluctuates and what the depth and course of
ground water level fluctuation is, and mainly whether the ground water level in course of its fluctuation touches sediments with good capillary
transport ability or not.
In the area of Szigetköz and Žitný ostrov the most important feature of the interaction of the ground water with the soil is the depth of the
boundary between the gravel strata and overlying finer sediments or soils. If the ground water level during the growing season is permanently in
the finer sediments overlying the gravel, such depth is optimal from the agricultural production point of view. This optimal depth of ground water
level generally ranges from 0.6 m to 2.5 m (for maize slightly more and for barley slightly less). Water logging of soils take place only if ground
water level is too shallow, mostly in the depth close to the surface as is usual in some zones in the flood plain. Usually it occurs if the ground
water is at depth of 0 - 0.5 m. In agricultural areas with shallow ground water level the optimal depth of ground water level is ensured by
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drainage systems. This is the case, for example, in the eastern (lower) part of Žitný ostrov. Shallow ground water level in the flood plain is
welcome; it supports a typical flood-plain biotope and is naturally regulated by the river branches.
After the putting of the Gabčíkovo Project into operation, there is an improvement of the water supply to soils via capillary transport in the upper
part of the area in comparison with the pre-dam conditions. The improvement for deep rooting plants and trees also has occurred at places
where the rising ground water level has not reached the overlying finer sediments, as occurs just downstream from Bratislava.

EXCURSION GUIDE

Locality 1. New Bridge (SNP Bridge)
Granite threshold connects the Alps and the Carpathians. There is an outcrop of granites in the Danube River bed. High river gradient and flow
velocities from 2 to 5 m/s. Upstream there are two municipal waterworks, Sihoť island with capacity some 1500 l/s and Pečenský les with
capacity some 600 l/s. Beginning of the alluvial fan, called also as “inland delta”. Upstream the bridge there is an end of the Danube
impoundment by Gabčíkovo hydropower project.

Locality 2. Petržalka suburb
The technological skills related to dam construction, and the deeper knowledge of the hydrology conditions, have been combined with the
th
experiences from many flood disasters. In the course of the 20 century, there were large floods in 1929, 1947, 1954, 1959 1965, 1975, and
1991 which all provided opportunities to study the changes of the hydrological conditions in the upper part of the central Danube. During floods,
but also during normal high water levels in the Danube, the water masses quite often penetrated through the dikes on the right side Danube
area at Bratislava, mainly the area of the village and later a suburb of Bratislava, Petržalka. The previously small village has grown into the
suburb of Petržalka having some 150000 inhabit. In connection with the development of the Petržalka, the objectives to river training were
significantly changing. The first priority is given to the flood protection.
Because the riverbed between Bratislava and Petržalka is narrow, only a few measures were available. On the Bratislava Danube’s left bank
quay under the castle have been increased in height by 1 to 2 metres and riverbanks have been additionally strengthened. On the right Danube
side, in Petržalka, the protective dikes have been sealed and reconstructed to the same level. But this was not sufficient. The only possibility
was to increase the Danube water flow cross-section by means of deepening the riverbed. This has decreased the Danube water levels,
decreased passage possibilities for ships into the harbour, decreased discharges into the Malý Danube, decreased the aquifer recharge, and
increased the possibility of erosion of the Tertiary sands situated just beneath the quaternary gravel. The situation was partly solved using the
technical possibilities given by the construction of the Gabčíkovo part of the Project.
The present flood protection of Bratislava and Petržalka, consisting of increasing and reconstruction of left and right side quays and enlarged
the Danube water flow cross-section. By means of water impoundment by the Čunovo structures, the Danube water level corresponding to low
Danube discharges have been increased to stages 1 to 2 metres higher than in pre-dam conditions, thus passage for ships into harbour is
3
assured. Water levels up to 6000m /s are in Bratislava similar to previous natural water levels. During larger discharges of the Danube,
characterising the flood situation, gates on Čunovo inundation weir are open and thus water levels in Bratislava are reduced in comparison with
the long-term pre-dam conditions (because the water flow cross-section in the river bed is enlarged).
In the Petržalka suburb the inundation by inland water during and after the flood event (seepage water by ground water level increase), is of
special importance. The Petržalka is protected by new dike with impermeable wall, downstream the Old Bridge. The function of the old
Chorvátske rameno river arm was to take away surplus seepage water, during and after the flood. After decrease of ground water level in the
pre-dam conditions the Chorvátske river arm was mostly dry or partially filled with stagnant stinking water. After putting the Gabčíkovo system
into operation ground water level increases and water flow in Chorvátske rameno river arm was re-established. Because the area around the
river arm was developed, works are prepared to increase the minimum flow and to re-naturalise further the area along this river arm.

Locality 3. Čunovo reservoir at Rusovce waterworks
The Čunovo reservoir (approximately 4000 hectares in extent), which was created between Bratislava and Dobrohošť (as far as bypass
canal), is a new biotope. Although the reservoir represents the creation of a new biotope, it harbours conditions that are typical for river
and flood-plain ecotopes, such as a moderately- to fast-flowing main channel, permanent moderately flowing deep and shallow river
branches, and flood-plain through-flowing lakes with variable flow velocity.
The reservoir consists of an upstream part from Bratislava down to the Čunovo weir, and downstream part from the Čunovo weir down to the
by-pass canal. The retention time of water flowing through the reservoir is short, from 1 to 6 days.
3

The upstream part of the reservoir begins at Bratislava, where it is still the original rapidly flowing Danube (at average discharges of 2000 m /s –
1.2 m/s), with water levels during a low discharge period higher than before, and similar or lower water levels during higher discharges. This
character of the river continues down to Čunovo weir, where the flow velocity at an average discharge is of 0.3 m/s. In this stretch sedimentation
of bed-load and riverbed substrate is gradually changed from the original gravel one at Bratislava to one of more sandy gravel and coarse sand.
This part of the reservoir is an optimal and sub-optimal biotope for rheophile species. Because of the reduced flow velocities and water level
fluctuation, littoral communities are better developed than under pre-dam conditions. The littoral and the bank zones are natural and more than
3-times longer than under pre-dam conditions.
The upstream part of reservoir is connected to the old river branch at Rusovce, through excavated pits, and by a 2 km long bay having several
islands upstream from Kalinkovo village. It has a variable water depth and high biomass productivity. The area is also suitable for many limnic
and some eurytopic rheofhile species. Rheophile species find appropriate living conditions along the path of the former river cannel. In addition,
species typical for river branches may be expected in adjacent, shallower areas having moderate to slow flow conditions. No temperature and
oxygen stratification occurs. A good food base and sprawling places exist. The area is suitable for nesting waterfowl (significantly reduced water
level fluctuation compared to pre-dam conditions, especially during the nesting period, suitable gravel banks, perifiton and riverbank’s grove).
In general, the water quality is good, with better visibility, which improves the living conditions for many species that hunt on sight. The
settlement of aquatic vegetation creates friendly living conditions for a wide range of species that are confined to shallow river water. All this
together, especially the aquatic flora, contributes a great deal to self-purification processes in the reservoir, which did not exist in this part of the
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previous heavy fortified Danube.
A lowering of ground water level occurred on the right side of the Danube, during the long-lasting pre-dam lowering of the riverbed of the
Danube. The ground water flow from the inland agglomeration of Petržalka and the Austrian territory supported the transport of contaminants
towards the wells of waterworks at Rusovce and other local municipal wells. The rise of the water level in the Čunovo Reservoir constituted a
radical change in the ground water level and flow. The ground water level in the area of water works and also the right side of the Danube River
branches rose approximately 2 – 4 m. The rise of the ground water level has had a positive impact on the discharge of the waterworks wells, on
the inundation area of Rusovece and also on agriculture. At present, the prevailing direction of ground water flow is from the Danube towards
the water supply well field at Rusovce, and further inland. Since the total dissolved solids in the ground water were originally very high (as much
as 1000 mg/l in some localities), a decrease in these solids is regarded as the dominant positive change in the area. The content of chlorides
and sulphates, and the total dissolved solids, rapidly decrease at the wells, which were directly affected by the water from urbanised territory in
pre-dam conditions. Concerning microbiological parameters, the water level raised in the Danube has not caused any extraordinary changes in
the wells. Concentration of all metal microelements is far under the standard limits for drinking water. Therefore, a very positive change with
respect to ground water quality, linked with the increase of the proportion of the water infiltrated from the Danube, has been observed. New
conditions constitute, from both quantitative and qualitative points of view, an unambiguous profit.
The Rusovce waterworks, located parallel to the Čunovo reservoir, utilise ground water recharge from the reservoir on places of the previous
Danube riverbed. The system consists of 23 wells located about 120 m from the seepage canal, and 500 – 600 m from the reservoir. The
distance between the individual wells is 100 m. The capacity of the whole waterworks, after setting the hydroelectric power structures of
Gabčíkovo step into operation, equals 2480 l/s.

Locality 4. Cunovo reservoir at intake structure for the Mosoni Danube
3

After putting the Gabčíkovo part of the project into operation, a 20 m /s discharge was released by the Slovak Water Authorities at the Mosoni
Danube intake into the seepage canal. From October, 1994, in accordance with the agreement between the Slovak and Hungarian parties, this
3
amount was increased to 40 m /s. [10, 7]
The water quality alongside the Mosoni#Danube depends on a number of conditions. The most important factor is the water quality of the
tributaries Lajta, Rábca and Rába [10], according to the Hungarian report the quality of the Mosoni Danube water, mainly in the upper part, was
substantially improved and resembles the Danube water quality. In the past, before building the intake structure into the Mosoni Danube, water
stagnated in the upper part of the Mosoni Danube, and side river branches were without water or only with stagnant water. For most of the year
the Mosoni Danube was disconnected from the flow in the Danube.

Locality 5. Cunovo reservoir at the area of water sports
The area of water sports at Čunovo is constructed mainly for wild water sports and the transport of small sport boats between the reservoir and
the Danube. It also serves partly as the fish passage between the Danube and reservoir. The area is lying in Cunovo system of constructions
consisting of intake structures for Mosoni Danube, inundation weir passing the flood discharges, hydropower station, weir, navigation lock, wild
water area, damming the Danube, and bypass weir. At the end there is Danubiana modern art gallery.

Locality 6. Cunovo reservoir at the hydraulic guiding structures
This down part of the reservoir is more suitable for limnic species. The diversity of water flow velocity, and thus also the sedimentation-erosion
processes, is ensured by the hydraulic structures in the reservoir. Here the reservoir is hydraulically divided into a main navigation canal, with
larger flow velocities, and a large area with variable depth and comparatively smaller, but still turbulent, flow velocities. Hydraulic structures are
active mainly when the reservoir water flow is significant. Hydraulic structures are controlling velocities, influencing sedimentation in the
reservoir and helping to lower algae eutrophication processes.

Locality 7. Underwater weir at Dunakiliti
On April 19, 1995, the Governments of the Slovak Republic and the Republic of Hungary signed an "Agreement between the Government of
the Slovak Republic and the Government of Hungary about Certain Temporary Measures and Discharges to the Danube and Mosoni
Danube" [6].
The specifications of water management measures according to the “Agreement” are as follows:
−
−
−
−
−
−
−

3

Increase the water discharge into the Mosoni Danube from 20 to 43 m /s via the Čunovo intake structure, under certain assumptions of
hydrological and technical conditions specified in the "Agreement".
Distribute this water on the Hungarian territory into the river branches on the right side of the Danube, into the protected area, and into
the Mosoni Danube.
3
Increase and regulate the discharge into the main Danube downstream from the Čunovo weir, to values between 250 and 600 m /s 3
400 m /s on average - according to rules specified in the appendices to the "Agreement".
Construct an underwater weir in the main Danube at Dunakiliti (Hungary), (river kilometre rkm 1843) to increase the water level in the
Danube upstream from the weir, connect the Danube with the Hungarian river arms by openings in the river banks and regulate the
3
supply of the Hungarian river branches with water up to 130 m /s or even more.
Collect and exchange the environmental monitoring data which are necessary for an analysis of the impact of the mentioned measures
Prepare National annual reports.
Prepare Joint annual reports.

The results of the "Agreement" ensured the following surface water regime:
−
−
−

The discharge into the Mosoni Danube increased, is regulated, and is permanently ensured throughout all the year round. Water is
distributed into the Mosoni Danube arm, the Zatonyi Danube arm and other Hungarian branches.
The Hungarian river branch system in the flood plain is permanently and sufficiently supplied with water. Water levels and
discharges are regulated by the Dunakiliti weir and inside the Hungarian river branch system, similar to the Slovak cascades with
culverts.
The water level raised in the Danube riverbed, upstream from the underwater weir at Dunakiliti, and as far as the Čunovo weir.
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These measures have also raised the ground water level.
3

After putting the Gabčíkovo part of the project into operation, a 20 m /s discharge was released by the Slovak Water Authorities at the Mosoni
Danube intake into the seepage canal. From October 1994, in accordance with the agreement between the Slovak and Hungarian parties, this
3
amount was increased to 40 m /s. [10, 7]
The underwater weir, constructed in the framework of the joint Slovak - Hungarian Agreement, is situated opposite the already constructed
Dunakiliti weir on the Hungarian side. The Dunakiliti weir is the point where the Čunovo structures join the structures and dikes of the
original Gabčíkovo-Nagymaros Project. The structures are situated in Slovakia and inside of the original project area. The goal of the Čunovo
complex is the same as had been the goal of the Dunakiliti weir, to impound the water, to put the Gabčíkovo hydropower station into
operation, and to open a new international navigation corridor via the diversion canal and ship-locks at the Gabčíkovo hydropower
station.
rd

From the 23 of June, 1995, the increased water level caused by the underwater weir and the Dunakiliti weir allowed, in general, a 40 #
3
130 m /s discharge of water into the branch system of the Hungarian flood-plain, directly from the Danube. The water level of the main
channel of the flood plain was raised by 1 m on average. Thus, some side branches, formerly totally dry (as a result of long term development
and not construction of projected measures), could to some extent be supplied with water again [10,7]. These main channel and side branches
are now directly connected with the Danube by openings in the riverbank. The water level upstream of the underwater weir is on a level of about
123 m a.s.l. !above see level" and is regulated by the Dunakiliti weir.
Regular measurement of surface water quality was carried out for many years before damming the Danube [9, 10, 7]. Long term
monitoring of the Danube water shows improvement of the Danube water quality, especially in the amount of organic matter, plant
nutrients, nitrogen and phosphorus [7].
It is obvious that when interpreting the impact of water management measures according to the "Agreement", ground water has an
identification role for estimating impacts upon the natural environment. If the ground water level rises, more water is at nature’s disposal;
if the ground water level lowers, less water is at nature’s disposal. A decrease of soil moisture in the inundation area, or flood-plain, is
generally considered as a negative impact, an increase as a positive one, especially if the previous pre#dam long#term development
demonstrated a long term continuous trend of lowering of ground water level.
The underwater weir at Dunakiliti increased the water level in the Danube riverbed, upstream to the Čunovo structures. Discharges into the
3
Hungarian flood#plain branches via openings in the Danube river bank were usually around 100 m /s, with the regulation at the Dunakiliti weir
3
3
!regulation of water levels" from 30 m /s or less to 130 m /s and more. This together with discharge into the Mosoni Danube substantially
increased water levels in the whole Hungarian branch system and also supplied previously, in pre-dam conditions, dry arms.
The area where there is a visible impact of measures is according to the "Agreement", defined as at least from the river branches lying closest
to the Danube up to at least the Mosoni Danube river arm, and from Čunovo downstream to the Mosoni Danube inlet into the Danube at Győr.
In reality, impacts exist from the Danube to the area behind the Mosoni Danube. On the Slovak side, the impact of these measures is minimal,
usually not measurable, and occurs only on the right side downward from Čunovo village and between the Danube and the reservoir from
Čunovo to Dunakiliti. In general, the impact of measures realised according to the "Agreement" is visible in the whole Hungarian
flood#plain and on the whole area of Szigetköz.
From Table 3., it can be seen that, based on the Hungarian data, of the Szigetköz, from the river branch system to the Mosoni Danube,
ground water levels rose after realisation of measures according to the "Agreement" !1995 # 1994". Ground water levels, after
implementation of measures of the "Agreement", are higher than the low ground water levels in 1991 !1995 # 1991", and mostly higher than
the corresponding states in pre#dam conditions !1995 # 1992". This means that the ground water levels in the Szigetköz area are
mostly higher than in the pre#dam conditions for the average discharges in the Danube. There is no tendency of ground water level
drop towards the river branches, which means that the river branches are recharging the ground water after implementation of the water
management measures. This also means that, if the underwater weirs would be constructed and the Hungarian river branches would be
supplied with water from the Dunakiliti weir, according to the original project, ground water levels would not be lowered after putting
the Gabčíkovo part of the project into the operation. Comparing the ground water levels after damming the Danube without the "Agreement"
measures, to the low Danube discharge state !1994 # 1991", it can be seen that the average ground water levels after damming the
Danube have not dropped below the low ground water levels known in pre#dam conditions.
Tab. 3. Ground water levels - Hungarian territory (m a.s.l.)
Year
1991
1992
Well number
9310
122.42
123.48
9312
122.16
123.38
9327
121.27
122.56
9330
121.70
122.89
9368
122.07
123.11
9379
121.89
122.75
9383
120.25
121.04
9384
119.80
120.56
9385
119.46
120.14
9412
118.54
119.87
9413
118.36
119.47
9415
118.24
119.17
9416
118.02
118.75
9417
117.78
118.40
9418
117.34
117.95
9425
115.68
116.17
9430
115.90
9434
115.57
116.36
9435
115.55
116.27
9457
112.40
113.35
9458
112.43
113.18
9459
112.21
112.82

1994

1995

123.22

124.16
124.01
122.99
123.25
123.68
123.33
121.83
121.12
120.57
119.76
119.61
119.38
119.11
118.90
118.21
116.35
116.76
116.26
116.30
112.94
112.87
112.72

122.31
122.88
122.58
121.00
120.46
120.05
118.82
118.72
118.55
118.44
117.89
116.19
115.87
115.88
112.34
112.52
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Year
Well number
9460
9475
9480
9484
9536
9555
9564

1991

1992

1994

1995

112.01
109.35
109.58
109.25
115.63
111.51
109.44

112.55
110.19
109.91
109.74
116.42
111.93
109.66

110.34
109.98
109.79
115.86
111.84

112.57
110.55
110.17
109.98
116.33
12.18
110.16
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It is evident that, after the realisation of water management measures according to the "Agreement" [6], ground water levels have
increased significantly on the whole Hungarian flood plain and Szigetköz area. The aims of the measures, according to the
“Agreement”, have been evidently fulfilled.

Locality 8. Intake structure to supply water to the Danube side arms
An intake structure to supply water to the Danube side arms on Slovak territory takes water from the bypass canal at Dobrohošť. Its discharge
3
capacity is up to 240 m /s. The Dobrohošť intake structure supplies the inundation area and river branch system with water and simulates water
level fluctuation and floods for forestry and ecological purposes, e.g. the period needed for laying fish eggs, simulating floods, cleaning the river
branches bed, etc. Water flow and water levels inside of the inundation area are regulated according to the needs of forest management by
cascades with culverts and water passes. The first artificial flooding was realised in the period from July 19 to August 18, 1995.

Locality 9. Inundation area – flood plain
Independent experts of the Commission of the European Communities in their working group report stated [1]: “In the past, the measures
taken for navigation constrained the possibilities for the development of the Danube and the flood plain area. Assuming that
navigation will no longer use the main river over a length of 40 km, a unique situation has arisen. Supported by technical measures,
the river and flood-plain can develop more naturally.”
The Danube River branch system, with its typical alluvial inundation, is an area between flood-protecting dikes and the main river.
This area was not touched by the construction of the bypass canal, hydropower station or other engineering structures. On the
Danube this is a really unique situation. In general, two basic ideas have been implemented. The first idea, to supply water to the inundation
river branch area, has been realised on both sides of the river. On the Slovak side the intake structure is in the upper part of the inundation
area at Dobrohošť; on the Hungarian side the intake structure is constructed directly inside the Dunakiliti weir, in the upper part of Szigetköz.
The second idea was to recover the lowered water level in the Danube, which had declined in the past, and then further, after putting the
Gabčíkovo Project structures into operation. Various solutions have been proposed, all of them based on some water impounding structures in
the original Danube. One of the accepted versions is a shallow underwater weir.
A continuous water flow !or arbitrarily regulated water flow" into the river branches is guaranteed, areas covered by water and river
branch banks are enlarged, the water level is higher, and water quality is dramatically improved. Conditions in the river branches
resemble conditions in the 60's, before heavy stabilisation of the Danube River banks (done to improve conditions of navigation). This
stabilisation of riverbanks had already changed the natural relationship between the river and the flood plain. At present, there is a large
variability of flow velocity and depth in the river branch system, with velocities at some places from as high as 1 m/s, to nearly stagnant
water in side branches and stagnant water in old dead branches supplied by ground water. The settling of aquatic vegetation in shallow river
arms creates suitable living conditions for a wide range of species. Thus, a large variety of living conditions were recovered. Water vegetation
typical for areas having periodic desiccation has, with former high water branches, moved to places covered by simulated floods. An overall
increase in primary and secondary aquatic production has occurred. The water is of good quality. The danger of anaerobic conditions
!known from pre#dam conditions" and the drying up of branches accompanied by the extinction of fish does not exist any more.
Eutrophication, as far as it may occur in dead#end branches, will be within the range of original natural variation. Further
improvements of ecologic conditions in the inundation area, based on careful monitoring, are under development.
According to the international agreement on wetlands, the “Ramsar agreement”, wetlands are especially important for waterfowl, and they are
especially valuable areas because of their biodiversity. The term wetland includes bogs, marshes, swamps, morasses, moors, peat,
natural and artificial water bodies, permanent and temporary waters, flowing and stagnant waters, fresh, brackish and salty waters,
including the areas of sea water with a depth during an ebb (ebb end tide) not larger than 6 meters.
According to the Ramsar agreement (Article 4), concerning all water bodies enlarged and created by the Gabčíkovo structures, and the increase
of soil moisture as a result of surface and ground water level increases, whether they are included or not on the list of internationally important
wetlands, the country should support the existence of wetlands. Construction of the Gabčíkovo hydropower structures and hydraulic
measures have increased the area of all types of water bodies, including all types of river branches, and have increased soil moisture
of the inundation and river branch areas. The whole inundation area and flood plain forests at Gabčíkovo have already been accepted
as additions to the list of international important wetlands.

Locality 10. Gabčíkovo hydropower station
Aim of the Project and International treaty 1977:

-

To prevent catastrophic flooding by division of flood peaks in the section of the diversion canal and reduction of flow in the Danube
Riverbed. To use inundation area as natural polder to store temporally the peak water discharge, do lower peak discharges downstream
Gabčíkovo and Nagymaros.

-

To improve navigation to parameters recommended by the Danube commission – navigable channel 180 m wide and 3.5 m deep by
transferring navigation into diversion canal in the Gabčíkovo part of he Project. To impound fords and to increase the water level in the
Nagymaros part of the Project by construction of weir and hydropower plant at Nagymaros.

-

To produce environmentally friendly and clean energy by using the water energy potential of the Danube at Gabčíkovo and Nagymaros
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hydropower plants with output 720 and 158 MW installed capacity and annual production of 3000 million KWh and Nagymaros 1000 million
KWh, respectively.

-

To save the inundation and river branch system (diversion canal is lying outside of inundation), to prevent previous long-term drying of the
inundation and river branches by the water supply from the reservoir, to increase the dropped water levels in the Danube using underwater
weirs and to transfer the navigation into the diversion canal.

Except this there were another accompanying activities as for example construction of water treatment plants, construction of canalisation in
villages, water works, ground water level increase and regulation, water for irrigation, improvement of harbours conditions, stopping the riverbed
erosion at Bratislava, interconnection of navigability of the river Váh and the Danube, and other urban development activities.
Some technical data:

-

Length of diversion canal (bypass canal head water section and tailrace section) 17 + 8 km
Width of head water section canal (supply canal) 280 to 750 m
Width of tailrace section (outflow canal) 250 to 280 m
Depth of supply canal 6 to 13 m
3

Canal capacity 5300 m /s
Length of navigation locks 275 m
Width of navigation locks 34 m
Time of emptying or filling of locks 15 to 20 minutes
Gradient used for hydroelectric production 16 to 21.5 m
3

Water discharge via turbines 4000 to 5200 m /s
8 Kaplan turbines Ø 9200 mm
Installed output 720 MW

Dates of implementation:

-

Signing of the international Treaty: 1977
Beginning of constructions at Gabcikovo: 1978
Beginning of constructions at Dunakiliti: 1986
Beginning of constructions at Nagymaros: 1988
Planned beginning of operation at Gabcikovo: June 1990
Actual beginning of operation: November 1992

Locality 11. Kalinkovo waterworks
The waterworks at the village of Kalinkovo were set in operation in 1972. Ten wells are situated near the old Kalinkovo river arm. The first well,
with a screen (filter) for the interval of 21 - 55 m beneath the surface was excluded from the water supply because its waters carried high levels
of iron and manganese. Therefore, all the other wells were equipped with well screens at depths of 40 - 80 m, and some of them are still in use.
The capacity of the system of wells is 850 l/s. At present less than 200 l/s is used. Ground water is exploited mainly experimentally with the goal
to study chemical processes in ground water and the impact of the reservoir on the ground water quality. Wells were originally covered and
protected by an earthwork from flooding. Under pre-dam conditions, floods sometimes covered the waterworks area and polluted the ground
water and wells from the surface for some time. It had been proposed to move these wells to other places, more distant from the reservoir. At
present, wells are protected from flooding by reservoir dikes.
Experimental ground water quality monitoring is stressed mainly because of the fact that water wells were situated near to the previously existed
river arm, and experience showed, that this river arm had negatively influenced the first shallow well. At present, these water wells are situated
close to the reservoir, just behind the seepage canals. The course of changes in the water quality from well S-4, which was selected because it
is situated in the middle of the well system and is now closest to the reservoir, is not significant, which means that the measured changes do not
exceed previously measured values. The filling of the reservoir with water did not have a significant negative influence on water quality, and this
in spite of the vicinity of the reservoir. The vicinity of the wells to the reservoir, negative experience with the shallow well, and generally negative
experience at the observation wells situated close to the river branches were the reason of the construction of special ground water monitoring
system of wells in the framework of the PHARE project [4]. This is described, for example, in the publication of the Faculty of Natural sciences in
1995 [3]. The goal of the ongoing research is to study water quality processes and to propose new well field for waterworks at Kalinkovo,
situated a larger distance from the reservoir. Such a solution was proposed despite the fact that the presence of chemicals indicating water
pollution was not detected. According to the microbiological and biological criteria of the Slovak Technical Standards, ground water from the
wells is permanently suitable for drinking water purposes without treatment. The only signs of the changes were seasonal fluctuations and a
decrease in the content of nitrates. A decrease of nitrates can lead firstly to an increase of the content of manganese and later also to an
increase in the content of iron, which is usually treated by aeration of water in the waterworks or by in situ treatment directly in the aquifer.
A typical component of ground water in European countries, including Slovakia, is iron and manganese. Iron and manganese are not pollutants
but are part of the geological composition of an aquifer. Whether iron and manganese occurs dissolved in the ground water depends on the
oxygen condition in the water and the content of organic carbon in the water and in an aquifer. The common occurrence of iron and manganese
dissolved in the ground water is well known from Hungary, in eastern Slovakia, the eastern part of the Žitný ostrov area - east of the city of
Gabčíkovo, and in some places also downstream from Bratislava, mostly in places where the water wells are situated close to the river
branches. A typical example is the area of the large well field at Rusovce, where in situ ground water treatment facilities for iron and manganese
were installed. A similar situation is found, for example, at Vac in Hungary. Another typical examples are the Kalinkovo shallow well and
observation wells at Dobrohošť etc. In Europe the best-known and simplest treatment of ground water containing iron and manganese that is
used for municipal water supply is water aeration and sedimentation of iron and manganese oxides.
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Locality 12. Šamorín Waterworks
The waterworks at Šamorín is situated opposite the down stream part of the reservoir. The waterworks well system was set into operation in
1975, with six wells being equipped with screens (filters) at depths of 45 - 90 m, with the combined discharge of as much as 900 l/s. Three
additional wells (as eventual compensation for the closing of the waterworks at Kalinkovo) were added just before filling the reservoir with water,
which increased the discharged capacity of the whole waterworks to 1200 l/s. At present approximately half of this capacity is used.
The ground water quality, according to systematic observations since 1975, corresponds to the requirements of drinking water in all parameters,
in accordance with the Slovak Technical Standards. The ground water quality is constant, without any significant changes.
Measures to protect the quantitative and qualitative recharge of ground water with water from reservoir included the construction of hydraulic
guide structures in the downstream part of reservoir. Diversity of water velocity, and thus also of sedimentation#erosion processes is ensured
by hydraulic structures. They are quite well active if the reservoir water flow is significant.

Locality 13 Kopáč island and Biskupické rameno river arm
The nature reserve of Kopáč Island, on the left side of the Danube, surrounded by the Biskupické rameno arm, is an area covered by a floodplain forest (Ulmeto-Fraxineto carpineum), which at some places turns into forest steppe biotopes with xerotermofilous zoocoenoses. The area
was not flooded before the Danube damming. The ground water level was dropped severely before the filling of the Čunovo reservoir. Before
1993, the drying process was visible especially in the tree stratum. After 1992, after filling the Čunovo reservoir; the ground water level raised
and the Biskupické rameno arm and terrain depressions were filled with water, leading to the regeneration of the most humid willow-poplar
forest. Numerous natural reseeding of poplar, up to this time rare in this area, have been observed. Lowering of leaf losses and an increase in
thickness increments in poplars in comparison to previous conditions were measured. A comparison of the qualitative structures of terrestrial
fauna, for example the Centipede taxocoenoses, before and after filling of the reservoir shoved a moderate shift from the xerothermophilous
species to the mesohygrophilous ones. In general it means humidity increase. After the rising of the ground water level, the water stayed also in
the gravel pits and other terrain depressions, which became a hatching site for frogs. The recorded species reproduced there, finished their
development up to metamorphosis and migrated into the surrounding vegetation. The amphibian taxocoenosis is stabilised. All monitoring data
indicate that the continuing retardation of aridization of this area and improvement of conditions for hygrophilous and mesophilous species. This
means that the hydrological and soil moisture conditions prevailing downstream from Bratislava some 40 years ago are being re-established.
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POST CONGRESS EXCURSION E
M. Fendek
Central depression of the Danube basin - locality of Galanta
The central depression of the Danube basin is enclosed by the Danube river in the southwest between the cities of Bratislava and
Komárno, by the Malé Karpaty mountains in the northwest, by the fault of Dobrá Voda (branch of Ludina) in the northeast, and approximately by
the Nitra river in the southeast. A crystalline complex has been found out in the pre-tertiary base of its northwestern and southeastern part
(schists, granitoids). It can be assumed according to the geological development of the Danube basin that the whole pre-tertiary base of the
central depression is formed by the Carpathian crystalline. Therefore, there are no suitable aquifers of geothermal water in the pre-tertiary base
(Franko, Remšík, Fendek eds., 1995). The depression is filled up with the sediments of Quaternary and Ruman (gravels, sands), Dak, Pont and
Panon (variation of clays or sandy clays and sands to sandstones). The depression developed between the Panon and Pliocene stages and is
of a brachysynclinal shape, with the depth center in the area of Gabčíkovo, where geothermal borehole FGGa-1 is situated.
The reservoir of geothermal water is from above enclosed by a 1,000-m-deep surface and from sides and below by a relatively
impermeable base (with predominant clays - aquiclude), which falls from all sides into the center, in which the reservoir probably lies in the
depth of 3,400 m (FGGa-1 borehole). The main aquifer of geothermal water is formed by sands and sandstones of Panon and Pont. In the
central part of the depression, aquifers of geothermal water are also formed by sands to sandstones of Dak. Clays act as an aquiclude
(Remšík, Franko, Fendek & Bodiš, 1990).
The maximum length of the reservoir in the depth of 1,000 m is 60 km in the NE - SW direction and almost 75 km in the NW - SE
3
direction. The maximum thickness of the reservoir in its center is approximately 2,400 m, its volume is 4,031 km , of which aquifers represent
3
approximately 1,371 km (34%). The proportion of the aquifers decreases with the distance from the center of the depression - from 40 - 50% to
20 - 30%. This corresponds with the decline of aquifers with increasing depth and/or thickness of the reservoir.
Lithologically, six hydrogeological units are distinguished in the reservoir and its overburden (Fendek, Franko & Remšík, 1988), which
represent separate complexes with various proportions of aquifers and aquicludes. Those hydrogeological complexes do not respect the
stratigraphy of Neogene stages, because the layers of aquifers and aquicludes alternate irregularly in the vertical direction and nose out
irregularly in the horizontal direction, which reflects the complexity of Neogene sedimentation in the depression. The thickness of particular
complexes varies between 5 and 1,174 m.
Using 34 geothermal boreholes of the depth of about 500 to 2,800 m, geothermal water with surface temperature of 24 to 92°C has
been gained from the central depression. The water belongs to two genetic types. It is either marinogeneous water (relict marine water and salt
brine of a distinct Na-Cl type with the total mineralization exceeding 10 g/l and tied to the sediments of Baden to Panon, or infiltration-degraded
marinogeneous water of a Na-HCO3 to a distinct Na-Cl type with the total mineralization ranging between 5 and 10 g/l and tied to the sediments
of Panon to Pont), or petrogeneous water of a distinct Na-HCO3 type with the total mineralization under 1 g/l occurring down to the depth of 800
m or water with the total mineralization ranging between 1 and 5 g/l which occurs in the center of the depression down to the depth of 2,500 m
and is tied to the sediments of Pont to Dak.
Hydrodynamic measurements have been carried out in the sections of the thickness of 87 to 592 m; the effective thickness of the
aquifers of geothermal water has been found out to range between 34 and 192 m. With regard to low values of piezometric gradient and
average permeability of aquifers to which geothermal water in the central depression in the Danube basin is tied, the effective velocity of
movement of geothermal water averages about 0.3 to 1.8 m per year, which predicates a considerable stagnation of geothermal water under the
natural conditions, as documented by drilled geothermal boreholes (Fendek, 1993). The transmissivity coefficient of the aquifers of geothermal
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water varies within the interval of 3.6 10 to 4.9 10 m /s and the hydraulic conductivity within the interval of 3.8 10 to 6.1 10 m/s. Free outflow
of the boreholes ranged between 3 and 25 l/s. The total yield of the boreholes is about 400 l/s, which corresponds to the thermal energy of
88.05 MWt. The total thermal-energy potential of geothermal water of the central depression of the Danube basin, determined by a 2-D
numerical model, is 150 MWt (Fendek, 1992).
The locality of Galanta is situated on the northern rim of the central depression of the Danube basin in a partial geological structure the bowl of Galanta. It is enclosed by the horst of Inovec from the west and by the horst of Tribeč from the east. Both of them are enclosed by
pre-Panon faults from their sides.
The possibility to obtain geothermal water for the purpose of power utilization in Galanta (central spaceheating and supply with hot
service water in the Galanta-Sever residential area with 1,100 blocks of flats, a hospital and a rest home) has been verified by the research
geothermal borehole FGG-2 Galanta. The borehole was made by the Dionýz Štúr Institute of Geology Bratislava in the years 1982 to 1983, in
the framework of the research of geothermal power of the central depression of the Danube basin. On the base of positive results from this
borehole, the Trnava branch of the Stavoinvesta Bratislava company subsequently placed an order for the survey-exploitational borehole FGG-3
Galanta, which was made in 1984 by the Bratislava branch of the IGHP, š.p. Žilina company (Franko, Fendek, Bodiš & Bondarenková, 1985).
The FGG-2 borehole is situated on the northwestern periphery of Galanta, behind the hospital boiler house. The FGG-3 borehole is located
about 1 km to the southsouthwest from the FGG-2 borehole, on the western periphery of the town, between the Galanta - Sereď railway line and
the road connecting the town with Bratislava.
The aquifers of geothermal water have been built in by 7´´ borehole casings along the depth interval of 1,706 to 2,032 m. They are
represented by sands and sandstones of Panon. The temperature of the rock environment in the depths of 1,000 and 2,000 m is 51 and 91°C,
respectively. Water temperature at the wellhead of the FGG-2 borehole with the free outflow of 27.3 l/s is 80°C and at the wellhead of the FGG3 borehole with the free outflow of 25.0 l/s it amounts to 77°C. The value of the geothermal gradient is 40°C/km in case of both the boreholes.
.
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The average thermal conductivity of the sediments totals 1.94 W/m K and the value of the heat flow density is 79 mW/m . Hydrochemically, the
water is of a sodium-bicarbonate type with the total mineralization of 4.9 to 5.9 g/l. The total gas content in the water ranges within the interval of
3
3
3
3
0.096 to 0.39 m /m , the highest proportion is represented by carbon dioxide (0.08 to 0.26 m /m ). The bubble point ranges within the depth
interval of 15 to 110 m, depending on gas content, proportion of particular components and pressure-thermal conditions at the wellhead. The
proportion of thermolift and gaslift on the total drowdown, measured during hydrodynamic tests, amounts to 69 to 83 %. Hydraulic parameters of
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built-in aquifers represented by the transmissivity coefficient and the hydraulic conductivity lie within the intervals of 4.2 10 to 2.1 10 m /s and
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4.5 10 to 2.2 10 m/s, respectively. The storativity coefficient varies around 1.4 10 (Fendek, 1995). On the base of the determination of the
skin effect value by hydrodynamic measurements - carried out in 1995 - of the FGG-2 borehole with the maximum free outflow it was
documented that the technical condition of the borehole with approximately identical hydraulic parameters had deteriorated since 1983, which
had resulted in the decrease of the free outflow by 17 to 25 %.
On the base of a complex evaluation of hitherto realized hydrodynamic measurements, we can enunciate that the demanded regimen of
the exploitation of geothermal water from the FGG-2 and FGG-3 boreholes cannot be secured by the free outflow (Fendek, 1995). Therefore, it
has been recommended to immerse the submersible pumps in the FGG-2 and FGG-3 geothermal boreholes 120 m and 110 m deep,
respectively. In the FGG-2 and FGG-3 boreholes, geothermal water must be exploited by pumping for 70 and 150 days per year, respectively, at
the time when the exploitation rates planned for the FGG-2 and FGG-3 boreholes lie within the interval of 6 - 15 l/s and 20 l/s, respectively. This
is also the time of the highest mutual influence of those boreholes.
The utilization of geothermal power was planned with already during the construction of the northern residential area ("Sever"). The
distribution system and the surface of central heating bodies were dimensioned for the temperature of water prepared from geothermal water.
The "Sever" residential area has 1,236 flats. Central heating bodies for the circulation circuit of 77/52°C have been installed in those flats.
Regarding the lack of resources, the planned heating center based on geothermal water was not built, however, and a boiler house was
hurriedly built instead to fully cover the demand of the whole "Sever" residential area for space heating, and to hand the flats over to renters as
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soon as possible.
Following the all-society transformation in 1989, conditions were created to revert to the project on the entrepreneurial base. Essentially,
the idea of the heating center had to be changed. A legal entity has been formed by founding the Galantaterm limited liability company, which
supplies the 1,236 flats of the "Sever" residential area - together with its public service sector and the hospital of Galanta - with heat and hot
service water. Geothermal power is used to secure the heat and hot service water. A natural-gas boiler house is used to heat the water when
average daily temperature sinks below -2°C.
The following media are prepared in the plants of Galantaterm, Ltd (Takács & Grell, 2000):
hot water for heating 77/52
hot water for heating 90/70
hot water for heating 52/42
hot service water
technological steam

(flats, "Sever" residential area)
(hospital radiator system)
(hospital roof heating)
(flats and hospital)
(hospital)

Obviously, this is an extraordinarily demanding system, which uses geothermal power for the preparation of heated media in the first
place, with the exception of steam production. Two gas boilers are installed in the hospital to produce steam: one of them serves as a "cold"
backup. This enabled the hospital to terminate the heating by solid low-caloric fuels, thus eliminating the last big source of adverse emissions in
town.
The whole primary system and the secondary circuits of the heat exchanger station are equipped with a control system, which will
enable to connect particular boilers gradually to the system in the future, on the box-of-bricks principle: first the peak boiler, then the gas boiler
and hospital exchanger stations, and last it is planned to interconnect the points of heat abstraction in flats.
The costs of the investment construction totaled 105 million Sk (Slovak crowns), which is approximately $3.5 million. Its estimated return
is 7 years, according to cash-flow calculations. The first results of the operation prove that the assumptions entered in the cash-flow have been
set realistically, with a moderate sceptisism.
Ecological aspects of solution
Building of Energocentrum in Galanta, which works on the base of geothermal energy, reached following results:

!

The operation of the Hospital and policlinic boiler-room using low-calorific coal was stopped. Yearly coal consumption of the boiling-room
was 6200 tons of low-calorific coal, at the contemporary production of 330 tons of SO2, 36 tons of NOx, 159 tons of CO2 and 600 tons of slag
per year. Charges for air pollution in the hospital amounted to 156 000 SK in 1996.

!

Operation of the boiling-room for Suburb Sever in Galanta demanded consumption of approximately 3 millions of Nm of the natural gas per
3
year. Gas consumption lowered up to 1.2 millions of Nm per year after the operation of the geothermal station started. Emissions were
lowered in 60 % comparing to the primary stage.

3

Price and economic indexes of the project
The price of heat in the Slovak republic is determined - according to a calculation formula - as the sum of the costs and reasonable
profit. The price in Galanta is influenced by a credit granted by Nordic Investment Bank, and by a decree of the Town council of Galanta as the
majority owner of Galantaterm, Ltd. The decree presumes that the price of heat in the town of Galanta and in flats administered by the town and
by the housing cooperative should be equal. The town will use the profit from the operation of the geothermal station for the benefit of all its
residents. On the base of those assumptions, the price of heat amounts to 204 Sk/GJ for the residents and approximately 220 Sk/GJ for the
hospital, including the partnership discount.
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