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New paleogeographic and tectonic interpretations in the Slovakian Carpathians
and their implications for correlations with the Eastern Alps and other parts
of the Western Tethys. Part II: Inner Western Carpathians

HEINZ KOZUR' and RUDOLF MOCK?>¥

IR¢zsii u. 83, H-1029 Budapest, Hungary
“Faculty of Natural Sciences, Comenius University, 842 15 Bratislava, Slovakia

(Received October 27, 1996)

Abstract

The Inner Western Carpathians are defined as the Cimmerian part of the Western Carpathians with
complex Hercynian, Cimmerian and Alpine history. They comprise those Western Carpathian units that
were originally situated south of the Veporicum: the Crmelicum (part of the substratum of the Hronicum,
subdivided in Crmel, Dobsind and Ochtind nappes), the Hronicum (Cho¢ Nappe s. 1. and the newly introdu-
ced Opdtka Nappe), the newly introduced Murdnicum (Strazov, Nedzov, Murdii, Stratend nappes). the Si-
licicum (Silica Nappe s. 1.). the North-Rudabdnyaicum (Rudabdnya Nappe). the Meliaticum (with the sialic
block of Gemericum) and the South-Rudabdnyaicum (Torna, Sz6l6sardé and Brusnik nappes). Crmelicum.
Hronicum, Muranicum, Silicicum and North-Rudabanyaicum are united to the Upper Slovakocarpathian
Unit that was rooted between the Meliaticum and the Veporicum.

The Cimmerian and Alpine geological evolution of the Central and Inner Western Carpathians is related
to the opening and closure of the Meliata. Szarvaskd, South Penninic and Pieniny occans and to the related
development on the slopes and shelves of these oceans. In the Upper Permian and in the Triassic, conti-
nental and later oceanic rifting in the Meliaticum controlled the geological evolution of the Inner Western
Carpathians. In the Jurassic. the geological evolution of the [nner and Central Western Carpathians was
controlled by the closure of the Meliata Ocean within the [nner Western Carpathians and the opening ol
the Penninic Ocean within the Central Western Carpathians. The Cretaceous geological development of
the Inner and Central Western Carpathians is controlled by the southward directed subduction of the South
Penninic Ocean, and to a smaller part by the southward directed subduction of the Pieniny Ocean north of
the Central Western Carpathians as well as by the northwards directed subduction of the Szarvaskd Ocean
south of the Inner Western Carpathians. Connected with the subduction of these four oceans, nappes were
formed at different times. As three of these oceans were southwards subducted, the main thrust direction is
northwards directed. Only in the southern part of the Inner Western Carpathians the nappe thrusting in ma-
inly southward directed connected with the northward directed subduction of the Szarvaské Ocean.

The Cimmerian orogeny was connected with low grade, partly blueschist metamorphism and northward
directed nappe thrusting (e. g. South-Rudabdnyaicum on Meliaticum). 1t occurred only in the Inner Wes-
tern Carpathians. It is related to the evolution of the Meliata-Hallstatt Ocean and its slopes and shelves. The
Middle Triassic to Middle Jurassic development on the northern slope and shelves was distinctly different
from the contemporaneous development on the southern slope and shelf of the Meliata-Hallstatt Ocean. In
the Middle Jurassic, the southern margin of the Meliata-Hallstatt Ocean was the active margin (southwards
directed subduction). During the middle Oxfordian collision, not only the Meliaticum accretionary com-
plex, but also the former slopes and outer shelfes of the Meliata-Hallstatt Ocean were elevated. The nort-
hern inner shell of the Meliaticum (Hronicum) was transformed into the shelf of the Penninic Ocean, and
therefore the deep water development continued uninterrupted until the Lower Cretaceous.

During the Alpine orogeny in the Upper Cretaceous and Lower Tertiary. the northern units of the Inner
Western Carpathians were northwards thrust over the Central Western Carpathians. These movements
were related to the southwards subduction of the Penninic oceanic branches. The southern units of the In-
ner Western Carpathians were southwards thrust during the Upper Cretaceous, in connection with the
northwards directed subduction of the Szarvaskd Ocean. The nappe thrusting of the Central Western Car-
pathians was only related to the southwards directed subduction of the Penninic oceanic branches.

The Crmelicum can be correlated with the Veitsch Nappe of the eastern Grauwackenzone of the Eas-
tern Alps. The Gemericum is very similar to the western Grauwackenzone and to parts of the Noric Nap-
pe. The Crmelicum, Hronicum, Muranicum. Silicum, North-Rudabdnyaicum, Meliaticum and South-Ruda-
béanyaicum correspond to the Upper Austroalpine of the Northern Calcareous Alps.

The Meliata Ocean and its slopes and shelves were not the continuation of the Vardar Zone and of the
Subpelagonicum because they have a totally different event succession. Basic volcanism in the Vardar Zo-
ne began in the Middle Carnian, after it had ended in the Meliaticum and the oceanic sea-floor spreading
in the Vardar Zone was mainly of Jurassic age. The Meliaticum and its slopes and shelves were situated
north of the Vardar Zone. Likewise, the Cimmerian Ocean in northern Turkey was situated north of the
Vardar Ocean. the remnants ol which can be found in the melanges of the Izmir-Ankara Zone. Parts of
the Cimmerian Ocean in northern Turkey have the same event succession as the Meliata-Hallstatt Ocean.
Consequently, the Meliata-Hallstatt Ocean is either the direct continuation of the Cimmerian Ocean in
northern Turkey (across the Kotel Zone/Strandzha nappes and parts of the Transylvanian nappes) or it
was an ocean in the same position as the Cimmerian Ocean (north of the Vardar Zone) that ended both in
the west and in the east in continental realms.

Key words: Inner Western Carpathians, stratigraphy, paleogeography, Hercynian, Cimmerian and Alpine
evolution, nappe formation, correlation within the Western Tethys
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Preface

This second part of the paper was the last larger work
that I could finish together with my best friend, the great
Carpathian geologist and best specialist of the Inner Wes-
tern Carpathians, RNDr. Rudolf Mock, CSc., who died in
a tragical accident on August 22, 1996. Nearly all decisive
new leclonic results in the Inner Western Carpathians du-
ring the last 25 years were connected with his name, e.g.
the first discovery of Middle and Upper Triassic deep water
rocks of the Meliata-Hallstatt Ocean in 1973 (this means
the discovery of this ocean themselve that he named), and
connected with this result the discovery of the allochtho-
nous nature of the South Gemeric Triassic rocks (the Sili-
ca Nappe that he named as well), the first discovery of the
Jurassic accretionary complex within the Meliaticum in
1985, the interpretation of the Gemericum as intra-oceanic
continental block within the Meliata-Hallstatt Ocean and
the discovery of Triassic-Jurassic oceanic sequences in the
Folkmar Suture Zone that were before regarded as Werfen
beds or continental Permian, both in 1995. Decisive im-
portant new results in other part of the Western Carpathi-
ans, as the discovery of pelagic Triassic in the exotic pebb-
les from the Andrusov Ridge are also connected with his
name. Moreover, he did a tremendous work in the Western
Carpathian Triassic, Jurassic and Paleozoic micropaleonto-
logy and stratigraphy.

The present paper was finished in autumn 1995 and re-
vised in the spring 1996, the last time that we worked for
a week together. We decided to wait with the publication,
until I had finished my field work in the Kiire Complex
of northern Turkey, the last important unit for the correla-
tion with the Meliata-Hallstatt Ocean that we had not yet
studied, after several month joint studies in the Vardar Zo-
ne of Macedonia and its continuation in the Axios Zone
of Greece and the Izmir-Ankara Belt of Turkey. We made
also several weeks joint field work in the Subpelagoni-
cum of Greece and I wanted to show him those areas in
Turkey that I had studied before without him (Karaburun
peninsula; Karakaya Complex, Izmir-Ankara Belt). Only
the small part of the correlation of the Meliata-Hallstatt
Ocean with the Cimmerian Ocean in northern Turkey I
had to add to the paper together with a few notes to papers
that were published in the summer and autumn 1996. All
other parts of the paper remained unchanged, even the or-
der of description to ensure that this paper corresponds
perfectly to the intentions of my dear friend Rudi.

1. Introduction

The early Alpine (Cimmerian) evolution of the Inner
Western Carpathians is related to the evolution of the
Meliata-Hallstatt Ocean from its opening in the upper part
of lower Anisian o its closing in the middle Oxfordian
(Kozur, 19914, b). During the Middle and Upper Triassic,
the Inner Western Carpathians comprised the Meliata-
Hallstatt Ocean and its northern and southern slopes and
shelves. During this time, the geologic evolution of the
Inner Western Carpathians was controlled only by the

evolution of the Meliata-Hallstatt Ocean and the interac-
ting evolution at its slopes and shelves. During the Juras-
sic until the lower Oxfordian, the northern part of the In-
ner Western Carpathians was part of a sialic block be-
tween the closing Meliata-Hallstatt Ocean in the south
and the opening South Penninic Ocean in the north and
therefore influenced by the evolution of both oceans. Af-
ter the closure of the Meliata-Hallstatt Ocean, the Inner
Western Carpathians were part of a sialic block between
the Szarvaskd Ocean in the south and the Penninic Ocean
in the north, and their further evolution (e. g. nappe
thrusting) was mainly related to the southward directed
subduction of the South Penninic Ocean, but in the sout-
hern units also to the northwards directed subduction of
the Szarvaskd Ocean.

The Inner Western Carpathians had a complex Hercy-
nian, Cimmerian and Alpine history. In this complicated
tectonic situation the knowledge of exactly dated strati-
graphic successions in compared tectonic units is the
most important base for any paleogeographic reconstruc-
tion within the Western Carpathians and Eastern Alps and
for mutual correlations of both areas. Already the first
evidence of the Meliata-Hallstatt Ocean in the Western
Carpathians was based on paleontological dating of the
Triassic part of the oceanic sequence by Kozur and Mock
(1973a, b). Until this time, these rocks and the by far wi-
der distributed, but before Kozur and Mock (1985) unda-
ted, Jurassic turbidites of the Meliaticum were regarded as
the Upper Permian to lowermost Triassic base of the as-
sumed autochthonous or parautochthonous Gemeric Trias-
sic (Bystricky, 1964, 1973). Consequently, the discovery
of the Triassic-Jurassic oceanic sequence of the Meliati-
cum led to a entirely new interpretation of the Inner Wes-
tern Carpathians and their connection to other oceans (e.
g. Kozur and Mock, 1973a, b, 1985, 1987, 1988; Hor-
vath et al., 1977; Channell et al., 1979; Mock, 1980;
Dumitricd and Mello, 1982; Hovorka et al., 1984; Ko-
véacs, 1982; Mahel, 1986; Kozur, 1989b, 1990a. b,
1991a, b; Vozarova and Vozar, 1992). Remnants of the
Triassic-Jurassic sequence of the Meliaticum were recog-
nized also in the Eastern Alps during the last years and
initiated also there new geologic interpretations (Kozur,
1989b, 1991a, b; Mandl and Ondrejickova, 1991, 1993;
Kozur and Mostler, 1992; Mandl, 1992; Gawlick, 1993a,
b; Neubauer, 1994). These investigations have shown
that in the Western Carpathians and the eastern part of
Eastern Alps a very similar early Mesozoic evolution of
the Meliata-Hallstatt Ocean, its slopes and shelves occur-
red, which explains many geological facts, such as the pre-
sence of chromian spinel in the Lower Cretaceous Roffeld
Beds of Northern Calcareous Alps transported from the
south (Faupl and Pober, 1991). Also the presence of
a Central Alpine Ridge south of the Upper Austroalpine
(Brandner, 1984; Krainer, 1984; Channell et al., 1990;
Leiss, 1992 and in a different model Brandner and Sper-
ling, 1995) could be confirmed.

However, several new data in the Paleozoic and Meso-
zoic are inconsistent with previous paleogeographic and
tectonic models of both Eastern Alps and Western
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Carpathians and above all with previous correlations be-
tween the tectonic units of these two areas.

The main problems resulted from incorrect stratigraphic
datings or unknown ages of units both in the Western
Carpathians and in the Eastern Alps. Until recently, stra-
tigraphic misinterpretations hindered not only the recon-
struction of the tectonic evolution in a single tectonic
unit, but also large scale correlations between the Wes-
tern Carpathians and Eastern Alps. Very much stratigra-
phic misinterpretations (and in this connection wrong in-
terpretations of the tectonofacies and tectonic evolution)
occurred in the Middle Jurassic accretionary complexes of
the Meliaticum. For instance, these beds have been for
long time dated as Early Paleozoic at the Florianikogel in
the Eastern Alps or as Scythian shallow-water Werfen fa-
cies in the neighbouring Edenhof section. Mandl and
Ondrejickova (1991) recognized that these sequences be-
long to the Meliaticum, but assigned them to the oceanic
Triassic succession (related to sea-floor spreading in the
Meliaticum). Kozur and Mostler (1992) and Mandl and
Ondrejickova (1993) proved that this sequence consists of
Middle Jurassic turbidites with blocks of Triassic rocks of
the oceanic and pre-rift sequence, in the Florianikogel sec-
tion overlain by a coarsening upward sequence. The con-
siderable consequences for the tectonic interpretation of
this segment of the Eastern Alps, but also for the correla-
tion with the Western Carpathians were discussed by Ko-
zur and Mostler (1992).

Similar stratigraphic misinterpretations occurred also in
the Inner Western Carpathians. For a long time, blocks of
Middle Triassic ultramafic and mafic rocks (dismembered
ophiolites of the oceanic Meliaticum) within evaporitic
melanges with Permian evaporites at the base of higher
nappes have been regarded as Permian rocks. Even long ti-
me after the discovery of the Triassic age of these rocks by
Kozur and Mock (1973a, b) and Mock (1980) some Hun-
garian authors placed these rocks still into the Permian.
Characteristic for papers of Kovécs and Kovacs and co-au-
thors is that Kovacs (1984) “proved” the Permian age of
the ultramafic rocks and pillow lavas by the statement that
these ultramafics and basic volcanics are intercalations wi-
thin the Permian evaporites and “not associated with youn-
ger formations (not even tectonically)” in the Tornaképol-
na borehole despite of the fact that they are in this boreho-
le and in other occurrences clearly tectonically juxtaposed
to Upper Permian hypersalinar rocks of the overlying nap-
pe. Kozur and Réti (1986) found lower Ladinian radiola-
rians in a sedimentary intercalation of the pillow lavas of
the dismembered ophiolites in that borehole.

The Triassic age of oceanic remnants of the Meliaticum
proven by Kozur and Mock (1973a, b) was surprisingly
fast overtaken in new tectonic models not only in Slova-
kia, but also abroad (e. g. Horvath et al., 1977; Channell
et al., 1979). This was largely caused by the great influ-
ence of the late Prof. D. Andrusov, who enthusiastically
supported the new results and by the propagation of these
results by the late RNDr. R. Mock CSc. However, after
the discovery of the Middle Jurassic age and turbidite-olis-
tostrome character of most of the rocks in the Meliata ty-

pe locality by Kozur and Mock (1985), after the discovery
that the “Ladinian-Carnian” Darnd “Formation” sensu
Haas and Kovacs (1985) are Middle Jurassic turbidites,
olistostromes and melanges of a Middle Jurassic accretio-
nary complex (Kozur and Mock, 1988; Kozur, 1991a, b),
and after the interpretation of the entire Meliaticum as the
Middle Jurassic accretionary complex of the southwards
subducting Meliata Ocean (Kozur, 1991a, b) consisting
mainly of Bathonian-Callovian turbidites and olistostro-
mes (in which the oceanic Triassic rocks are blocks of
different size), these decisive important results for the age
and interpretations of the geological evolution of the Me-
liata-Hallstatt Ocean were not accepted in Hungary and
polemically rejected by Kovécs and other Hungarian geo-
logists. Even the fact that Kozur (1991b) figured two pla-
tes of excellently preserved radiolarians from Middle Ju-
rassic turbidites of the Darné-hegy Middle Jurassic accre-
tionary complex and the same Middle Jurassic turbidites
of the Meliaticum accretionary complex were found by
Kozur and Mostler (1992) from the southeastern part of
the Northern Calcareous Alps, did not change the view of
Kovacs that the Meliaticum is a Triassic complex as his
“Ladinian-Carnian” Darnd ‘“Formation” (Haas and Ko-
vacs, 1985) from the quite obvious, and paleontologically
well dated Middle Jurassic Darné-hegy accretionary com-
plex.

In the contrast, Kovacs (1993) tried to declare any
Middle Jurassic flysch as a non-Alpine development to
demonstrate that it is impossible that Middle Jurassic
flysch occurs in any part of the Tethys and to demonstrate
that the Meliaticum (as Triassic unit !) can not be correla-
ted with the “non-Alpine” Kotel Zone. Thus, Kovécs
(1993) pointed out that correlations of the Meliaticum
and its shelves with the Kotel Zone (e. g. by Tollmann,
1988; Kozur and Mock, 1987, 1988; Kozur, 1991a, b)
are an “absurdity”, because in the Kotel Zone a Middle
Jurassic flysch (turbidites) is present, the Triassic occurs
not in situ, but in blocks within this Middle Jurassic tur-
bidites, a correlation of the Meliaticum with the Transyl-
vanian nappes is not possible because in the Meliaticum
the oceanic crust has a Triassic age, but in the Transylva-
nian nappes Kimmeridgian pelagic sediments overlay pil-
low lavas, and (in the present day distribution !) continen-
tal crust lies between the Meliaticum of Western Car-
pathians and the Kotel Zone.

The latter fact must not be discussed, because in the
present day distribution the remnants of oceanic Meliati-
cum of the Western Carpathians are separated by conti-
nental crust from all adjacent occurrences of oceanic crust,
even from those of the Meliaticum of the Eastern Alps in
direct and undisputed prolongation of the Meliaticum of
the Western Carpathians.

The exclusion of a correlation of the Meliaticum with
the Transylvanian nappes because of the occurrence of
Kimmeridgian pelagic sediments on oceanic crust is very
curious, because also Kovécs correlated in all his recon-
structions the Meliata-Hallstatt Ocear with an oceanic
realm represented by a part of the Transylvanian nappes
(for the last time by Haas and Kovdcs in Haas et al.,
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1995). The Transylvanian nappes, which are reconstructed
from rather small nappe bodies, overthrust slices and from
olistoliths in the Bucovinian Cretaceous wildflysch, conta-
in different units. The Triassic is present in form of olisto-
liths and overthrust slices, and the Middle Jurassic is only
known in form of olistoliths. Under this circumstances, it
is not definitely to prove, which Upper Jurassic sequence
(pelagic and shallow water rocks are known) belong to
which Triassic sequence. Those pelagic Kimmeridgian se-
quences that follow above basalts are probably not the co-
ver of the Triassic oceanic sequences of Meliaticum type.
The history of the Transylvanian nappes remembers very
much to that of the Pontides, where both Cimmerian ocea-
nic branches are present that closed during the Middle Ju-
rassic and basins that opened during the Jurassic and closed
during the Cretaceous. May be that this development rea-
ches toward the west until the Eastern Carpathians.

According to Kovdics (1993), Middle Jurassic flysch
(turbidites) is a development that excludes the Kotel Zone
from Alpidic Triassic and Jurassic that is according to
this author more or less identical from the Alps until
China (sic !). Therefore he regarded the development of
the Kotel Zone as “non-Alpine”, despite the fact that
nearly 10 years before Sengor (1984, 1985) had demon-
strated in his splendid papers the Middle Jurassic final
closure of the Paleotethys (Cimmerian Ocean) from the
Strandzha nappes and Kotel Zone through the Cimmerian
part of the Pontides until China, Kozur (1991a, b) had
shown that the Meliaticum is the Middle Jurassic accre-
tionary complex of the southwards subducted Meliata-
Halstatt Ocean, and the presence of Middle Jurassic turbi-
dites of the Meliaticum in the Eastern Alps was demon-
strated by Kozur and Mostler (1992). Only in the last
years, the resistance of some Hungarian authors against
an interpretation of the Meliaticum (including the Darné
Complex) as Middle Jurassic accretionary complex see-
mingly came to an end, after the Jurassic age of the Me-
liaticum accretionary complex was independently confir-
med by different authors not only in the Western Car-
pathians (e. g. Ondreji¢kova in Vozarovd and Vozar
(1992), but also in the Eastern Alps (e. g. Mandl and
Ondrejickova, 1993). A clear sign for this change in mind
can be found by Trunko (1996), who wrote: “Kovics and
Csontos (both pers. comm., 1994) consider the Darn6
Series as a typical accretionary wedge of Jurassic age”.
Already Kozur and Mock (1988) had rejected the view of
Haas and Kovdécs (1985) that there is a “Ladinian-Car-
nian” Darnd “Formation”, and they recognized that the
Triassic oceanic rocks are blocks in a Middle Jurassic ac-
cretionary complex (Middle Jurassic turbidites, olistostro-
mes and melanges). As the latter view was rejected by
Kovacs who continued to regard these rocks as the “Ladi-
nian-Carnian” Darné “Formation”, Kozur (1991b) demon-
strated by two plates with Middle Jurassic radiolarians
that these rocks were neither a stratigraphic formation nor
of Ladinian-Carnian age, but a Middle Jurassic subduc-
tion-related accretionary complex.

The presence of Middle Jurassic turbidites of the Melia-
ticum accretionary complex with blocks of deep water,

partly oceanic Triassic is the most characteristic tectono-
facies for the Early Mesozoic oceanic development in the
Inner Western Carpathians (and eastern part of Eastern
Alps). Thus, the presence of this facies (which is unk-
nown from the Vardar Zone and southwards adjacent
oceans) in the Kotel Zone is an excellent evidence for the
continuation of the Meliaticum and its shelf development
into this area and does not exclude such a correlation as
assumed by Kovics (1993) connected with repeated pole-
mic against this correlation.

The large extent of Middle Jurassic deep-sea sediments
in the Meliaticum and South-Rudabdnyaicum of the Wes-
tern Carpathian was not recognized for a long time, becau-
se these mostly slightly metamorphic beds were often as-
signed to Scythian shallow marine Werfen Beds (as in the
Eastern Alps !) or to a continental Permian succession
without reliable paleontological evidence. Partly these
rocks were assigned to the Early Paleozoic, as the Jurassic
Meliaticum of the Brusnik anticline, the Jurassic age of
which was only proven by Ondreji¢kovd in Vozarova and
Vozar (1992). These stratigraphic misinterpretations were
both in the Inner Western Carpathians and in the Eastern
Alps partly supported by unreliable palynologic data, e. g.
a palynologically “proven” Devonian age for Middle Ju-
rassic turbidites of the Florianikogel, Austria, which were
in that time regarded as Paleozoic sediments of the Grau-
wackenzone (Klaus, in Plochinger, 1967).

New stratigraphic data and facies analysis from different
units of the Inner Western Carpathians have shown that
the paleogeographic situation and tectonic evolution is
more complicated than formerly assumed. For instance,
the Gemericum was a sialic block within the Meliata-
Hallstatt Ocean, and perhaps two subduction zones are
present in the meridian of the Gemericum that were pos-
sible active to different times with subduction in opposite
directions. On the other hand, the separation of the Crme-
licum from the Gemericum by the discovery of a northern
Meliaticum suture zone allows an easy correlation of the
Crmelicum with the eastern Grauwackenzone of the Eas-
tern Alps (Veitsch Nappe), and also the separation of the
South-Rudabdnyaicum Geyerstein Nappe (Kozur and
Mostler, 1992) from the Hallstatt development allows
a good correlation of this nappe with the South-Rudabd-
nyaicum of the Inner Western Carpathians (Kozur and
Mostler, 1992).

Consequently, new models for correlation of Western
Carpathian and East Alpine units require reconsiderations
of correlations within the Western Carpathians and within
the Eastern Alps. Moreover, new stratigraphic data have
documented that units of similar stratigraphic content, li-
thologic successions and tectonic positions, so far unk-
nown from the Eastern Alps or Western Carpathians, are
present in these areas (e. g. Jurassic turbidites of the Me-
liaticum in the Eastern Alps, South Penninic units in the
Western Carpathians) and are important for correlations
between tectonic units of both mountain ranges.

In the present second part of the paper an overview
about the Inner Western Carpathian units and their corre-
lation with the Eastern Alps and other parts of the Wes-
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tern Tethys is given, the Early Mesozoic tectonic evolu-
tion of the Central and Inner Western Carpathians is
shown and the age of the nappe thrusting in the Western
Carpathians and its relation to the subduction of different
oceans is discussed.

2. Definition and boundaries of the Inner
Western Carpathians

The Inner Western Carpathians were used originally for
the entire Western Carpathians south of the Pieniny Klip-
pen Belt (e. g. Mahel et al., 1968; Mahel, 1974) or they
were included into the Central Western Carpathians of the
same large scope (e. g. Andrusov, 1968). Kozur (1979) re-
stricted the Inner Western Carpathians to those Western
Carpathian units that originate south of the Veporicum. In
this restricted scope, the Inner Western Carpathians corres-
pond to the Cimmerides within the Western Carpathians.
The Cimmerian orogeny in the Middle Jurassic to lower
Oxfordian was in parts of the Inner Western Carpathians
connected with a low grade, partly blueschist metamor-
phism, and a first, northwards directed nappe thrusting
occured in that time.

But the Inner Western Carpathians had also a distinct
Hercynian history with a widespread basic volcanism,

partly also incomplete ophiolite sequences (Grecula, .

1982), granites, mainly low grade to very low grade, rare-
ly medium to high grade metamorphism, folding and fold
nappes with low thrust distances.

The distinct Alpine overprint was in the northern units
of the Inner Western Carpathians related to the Upper
Cretaceous to Lower Tertiary southward directed subduc-
tion of the Penninic oceanic branches below the Vepori-
cum and Tatricum that caused the northwards thrust of the
northern superficial (Permo-Mesozoic) nappes of the In-
ner Western Carpathians. These nappes of Inner Western
Carpathian origin overthrust during the Upper Cretaceous
the entire Central Western Carpathians and form the hig-
hest nappe units above Veporic, Fatric and Tatric substra-
tum. Pre-Permian Paleozoic units of the Inner Western
Carpathians overthrust only the southern parts of the Ve-
poricum. The Alpine southwards thrust of the southern
superficial nappes of the Inner Western Carpathians is re-
lated to the Cretaceous northwards directed subduction of
the Sarvasko Ocean (that was perhaps connected with the
Vardar Zone). This caused, e. g., the southwards thrust of
the Silica Nappe over the Meliaticum and South-Rudaba-
nyaicum.

The separation of the Inner Western Carpathians from
the Central Western Carpathians (dominantly medium to
high grade metamorphic Hercynian basement, no Cimme-
rian orogeny, strong Alpine tectonics) is very easy and
not disputed. The separation from the southwards adjacent
units is disputed. A natural boundary is the southern
boundary of the Cimmerian orogeny related to the ope-
ning and closing of the Cimmerian Meliata-Hallstatt
Ocean. Taking this southern boundary of the Inner Wes-
tern Carpathians, the southern slope and shelf of the Me-
liata-Hallstatt Ocean can be regarded as the southernmost

Inner Western Carpathians. Using this southern boundary
of the Inner Western Carpathians, the following units be-
long to this domain: Crmelicum, Meliaticum with the
intra-oceanic sialic block of the Gemericum, as well as
slopes and shelves of the Meliaticum (Hronicum, Mura-
nicum, Silicicum, North-Rudabanyaicum, South-Rudaba-
nyaicum).

Kovics (Fig. 1 in Kovécs et al., 1989) assigned nearly
the entire Inner Western Carpathians (except the Hroni-
cum and parts of the Murdnicum) as “Gemer Subunit” to
the “Pelso Unit”. However, this is not only inconsistent
with the priority of the Inner Western Carpathians against
the Pelso Unit, but a boundary Pelso Unit-Western Car-
pathians between the Silicum and Murdnicum or inside
the Muranicum does not show any understanding of the
Western Carpathian geology or the Tethyan geology at
all. This boundary applied for the Eastern Alps would lea-
ve only the Bajuvaricum and parts of the Tirolicum wit-
hin the Upper Austroalpine, but parts of the Tirolicum,
the entire Juvavicum, Meliaticum, the Geyerstein Nappe
(South-Rudabéanyaicum) and the Grauwackenzone would
belong to the Pelso Unit or an equivalent unit. To place
a major boundary between two Superunits between the
Juvavicum and Tirolicum or inside the Tirolicum would
be the same nonsense then to place this boundary betwe-
en the Silicicum and Murédnicum or inside the Murani-
cum. Moreover, a “Gemer Subunit” is a step back to the
time as the Silica, Borka, Radzim, Opdtka and Stralend
nappes were regarded as the parautochthonous cover of the
Gemericum, the Brusnik Meliaticum (Jurassic) as Gelnica
Unit of the Gemericum and the Crmelicum as part of the
Gemericum. Only in this view, partly outdated since mo-
re than 20 years, in a fixistic sense a “Gemer Subunit” of
the *“Pelso Unit” would exist. But it is known since more
than 20 years that the “Gemer Subunit” is neither a unit
nor a subunit, but comprises several nappes that belong
to different units with different Hercynian, Cimmerian
and Alpine history. The boundary between these two su-
perunits sensu Kovacs was overtaken in all newer Hunga-
rian publications, even in international journals (e. g.
Haas et al., 1995, Figs. 1, 2).

The Hercynian history of the “Biikkium” is very diffe-
rent from that of the Inner Western Carpathians, a Cim-
merian orogeny is missing and a “Neotethyan” Jurassic-
Cretaceous history can be observed (related to the evolu-
tion of the Jurassic Szarvaskd Ocean that closed in pre-
Gosauan time within the Cretaceous). This totally diffe-
rent development of the “Biikkium” and the Inner Western
Carpathians excludes the “Bukkium” from the Inner Wes-
tern Carpathians, even if it was originally adjacent, and
the Szarvaskd Ocean would be the back-arc basin of the
southward subducted Meliata-Hallstatt Ocean.

Problematic is the position of the Szendrd and Uppony
Paleozoic in northern Hungary as no Triassic-Jurassic co-
ver of these rather southern type Devonian to Middle Car-
boniferous sequences are known. An Inner Western Car-
pathian character of these units is the northwest vergency
(that may be, of course, also of Hercynian age), whereas
southward adjacent units (e. g. Fennsikum of the Biikk
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Mits.) have a south-vergent character. Moreover, the Brus-
nik Middle Carboniferous is a flysch, like in the Szendrd
and Uppony Mts. This Paleozoic, in turn, is overlain by
a very low grade metamorphic Permo-Triassic sequence of
South-Rudabdnyaicum character except that the Permian
is continental and has no evaporitic horizon. There are
three possible explanations for the similarity of the Bash-
kirian rocks of the Brusnik Nappe and of the Uppony-
Szendré Mits. (Eleské Nappe sensu Kozur and Mock,
1987, 1988): (1) The Brusnik Nappe had an original posi-
tion south of the Torna Nappe and belong to the Szendrd-
Uppony Unit. In this case the Brusnik Nappe would be
the only unit of the Uppony-Szendrd Paleozoic, in which
the Permian-Triassic cover is preserved. In this hypothe-
sis, the Uppony-Szendr§ Paleozoic would belong to the
Inner Western Carpathians, because the Triassic of the
Brusnik Nappe clearly indicate that it belongs to the sou-
thern shelf of Cimmerian Meliata-Hallstatt Ocean. (2)
The Brusnik Nappe had the same original position as the
Torna Nappe, but in the contrast to the latter nappe, parts
of the Paleozoic basement were preserved. We think that
this possibily is the least probable explanation because
the Upper Permian of the Torna Nappe is evaporitic (hy-
persaline marine), whereas the Permian of the Brusnik
Nappe consists of continental Red Beds. (3) The Brusnik
Nappe is a unit that was originally situated between the
deposition area of the Torna Nappe and that of the Uppo-
ny-Szendrd Unit. We favour this last explanation and as-
sign the Brusnik Nappe to the southernmost Inner Wes-
tern Carpathians belonging during the Cimmerian evolu-
tion to the (inner) southern shelf of the Meliata-Hallstatt
Ocean and in the Lower and Middle Jurassic to the com-
mon shelf of the Meliata-Hallstatt and Szarvask§ oceans.
In the two latter cases, the assignment of the Uppony-
Szendr§ Paleozoic is an open question. It may belong to
the southern marginal parts of the Inner Western Car-
pathians, but it may also belong to the unit south of the
Inner Western Carpathians. In favour of the latter possibi-
lity speaks that the Fennsikum of the Biikk Mts. begins
stratigraphically just above the youngest Carboniferous
beds of the Uppony Mts. As both the youngest known
beds of the Uppony Mts. and the oldest known beds of
the Biikk Mountains are a Middle Carboniferous flysch,
the Uppony Paleozoic and the Paleozoic of the Fennsi-
kum of the Biikk Mts. may be closely related to each
other (Kozur and Mock, 1987, 1988). In that case, the
Uppony and Szendr§ Paleozoic would belong to the same
unit as the Middle Carboniferous to Mesozoic sequences
of the Biikk Mts. and therefore situated originally south
of the Inner Western Carpathians. As the Permo-Meso-
zoic cover of the Uppony and Szendr§ Mts. is unknown,
this question cannot be decided.

For the moment, the Brusnik Nappe and other nappes
of the South-Rudabanyaicum are regarded as the southern-
most units of the Inner Western Carpathians. Its Triassic-
Jurassic development, so far known, is clearly a southern
slope to shelf development of the Cimmerian Meliata-
Hallstatt Ocean and belongs therefore undoubtedly to the
Inner Western Carpathian development.

3. Tectonic units of the Inner Western Carpathians

The subdivision of the Western Carpathians in large
tectonic units is well established since many years (e. g.
Mabhel et al., 1968; Andrusov, 1968). However, since the
discovery of remnants of the Middle Triassic to Early Ox-
fordian Meliata-Hallstatt Ocean by Kozur and Mock
(1973a, b), and the discovery of the Hercynian nappe
structure of the Gemericum by Grecula (1982) considerab-
le changes of the previous models were necessary for the
Inner Western Carpathians that were originally situated
south of the Veporicum (e. g. Kozur and Mock, 1973a,
b, 1979, 1987, 1988; Kozur, 1979, 1991a, b, and in
press a, Grecula, 1982; Vozdrova and Vozir, 1992).

As the Inner Western Carpathians are regarded as a ge-
netic unit (see chapter 2), they are not only restricted to
Western Carpathian units that are today situated south of
the Margecany-Lubenik Line (as southern surface margin
of the Veporicum), but also the detached Permo-Mesozoic
or Mesozoic superficial nappes of Inner Western Car-
pathian origin (Hronicum and Murdnicum) are assigned to
the Inner Western Carpathians despite of the fact that they
form now mostly the highest nappe units above the
Central Western Carpathian Veporic, Fatric and Tatric
substratum. The below described units are Inner Western
Carpathian units known from Slovakia.

Crmelicum

According to the prevailing view, the Gemericum of
the Inner Western Carpathians overthrust the Veporicum
along the Margecany-Lubenik Line. However, Kozur and
Mock (1995) proved that between the Margecany-Lubenik
Line and the Folkmar Suture Zone sensu Kozur and Mock
(north of the Gemericum s. str.) an independent tectonic
unit occurs that crops out as a narrow band of mainly
Carboniferous rocks (Fig. 1). It was named as Crmelicum
(after the Crmel Nappe, Grecula, 1982). The Crmelicum
continues far west of the Gemericum, always in the same
tectonic position between Veporicum in the north, which
underthrust the Crmelicum, and Meliaticum in the south
that is underthrust by the Crmelicum. In its metamorphic
degree, lithologic content, Permo-Triassic envelope and in
its stratigraphic content, the Crmelicum is fundamentally
different from the Gemericum, from which it is separated
by a slice of Meliaticum Middle Jurassic deep water sedi-
ments with blocks of Triassic rocks (ultrabasites, pillow
lavas, red radiolarites, crystalline limestones).

The Crmelicum is part of the Paleozoic base of the In-
ner West Carpathian superficial nappes. As already shown
by Kozur et al. (1976) and Neubauer and Vozdrova
(1990), the Crmelicum is very similar to the eastern
Grauwackenzone of the Eastern Alps (Veitsch Nappe) and
also its tectonic position is the same (northernmost base-
ment unit of the Inner Western Carpathians and of the
Upper Austroalpine, immediately adjacent to the Vepori-
cum and Middle Austroalpine respectively). It is therefore
an important unit for the correlation with the Eastern
Alps (see chapter 6.).
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Three nappes were discriminated within the Crmeli-
cum, the Crmel, Ochtind and Dobsind nappes (Fig. 1).
According to Grecula (1982, 1994a, b), the Crmel Nappe
and therefore the Crmelicum is a Hercynian nappe struc-
ture. However, the Ochtind Nappe lies upon the meta-
morphic Mesozoic envelope of the Veporicum near Luce-
nec, thus indicating an Alpine nappe thrusting of the
Ochtind Nappe, and therefore of the entire Crmelicum,
upon the Veporicum. Already Neubauer and Vozarova
(1990) recognized that the Carboniferous sequence of the
Ochtind Nappe lies in a nappe position upon the defor-
med Permo-Mesozoic envelope series of the Veporic
crystalline complexes, but they did not name this nappe
and assigned them, as all previous authors, to the Geme-
ricum, from which it is separated by the oceanic Triassic-
Jurassic complex of the Meliaticum.

In the following, the lithologic successions of the three
nappes will be briefly described, partly without referring
to different formation names established for these sequen-
ces. The relations between these formations are often hy-
pothetical, and published stratigraphic successions of units
that occur in different regions or are juxtaposed tectonical-
ly to each other, may yield a wrong base for paleogeograp-
hic reconstructions. For instance, the Dubrava Beds have
been assigned by Neubauer and Vozarova (1990) to the up-
per Bashkirian and lower Moscovian, and are according to
these authors stratigraphically overlain by the upper Mos-
covian Hamor Formation. However, the Dibrava Beds
yielded Middle Triassic conodonts (see below).

The most complete and best dated succession of the Cr-
melicum is known from the Ochtind Nappe. This nappe
begins north of the westernmost Gemericum and conti-
nues as a narrow band between Meliaticum in the south
and Veporicum in the north over a distance of about 45
km west of the Gemericum. The sequence of the Ochtind
Nappe was assigned to the Carboniferous Ochtind Forma-
tion with unknown basement. The lower Ochtind Fm.
begins with metaconglomerates, metasandstones and
phyllite intercalations overlain by phyllites, alternating
with fine-grained sandstones and intercalations of basalts
and basic volcaniclastics. Minor bodies of magnesites and
ultrabasites sporadically occur. This predominantly clastic
unit contains quartz, feldspar, scarce clastic mica and
clasts of dark pyllites, metasandstones, lydites and scarce
granites. Tournaisian-Viséan age is assumed by palynolo-
gic data (Bajanik and Planderovd, 1985; Planderova,
1982). The upper Ochtina Fm. consists of bedded dolomi-
tes (originally bedded, fossiliferous shallow-water lime-
stones), usually metasomatically altered into magnesite,
and black, graphitic shales. A latest Viséan-Serpukhovian
age is proven by conodonts (Kozur et al., 1976).

Dated younger beds in stratigraphic succession are un-
known above the Ochtind Fm. According to Neubauer
and Vozdrova (1990), a Bashkirian to Moscovian succes-
sion of Rudiiany Formation (assumed middle Bashkirian
age) —Dibrava Beds (assumed late Bashkirian-early Mos-
covian age)—Hamor Formation (assumed late Moscovian
age) follows after a short early Bashkiran stratigraphic
gap above the Ochtind Fm.. However, the Dibrava Beds

belong to the Mesozoic envelope series of the Gemeri-
cum, partly to a slope succession from the Gemeric slope
of the Meliaticum. Paragondolella excelsa Mosher from
the Dubrava Beds indicate a late Illyrian-early Fassanian
age of a part of the Duibrava Beds that exclude the above
mentioned assumed succession.

The Crmel Nappe NE of the Gemericum was introdu-
ced by Grecula (1982) as a Hercynian nappe of the Geme-
ricum. However, it is separated from the Gemericum by
tectonic slices of melanges (Fig. 1), containing Meliati-
cum Middle Jurassic grey, black and green deep-sea shales
and marly shales with blocks of Middle to Upper Triassic
rocks (ultrabasites, basic tuffs, agglomerates, pillow la-
vas, red ribbon cherts, crystalline limestones). Moreover,
a Permian to Lower Triassic envelope series is known in-
volved in the nappe structure.

The Crmel Nappe consists of low-grade metamorphic
rocks of the Crmel Group (Neubauer and Vozarova,
1990). The lower Crmel Group consists of metasandsto-
nes alternating with phyllites, and sporadic acidic volca-
niclastics. The main part of the Crmel Group is formed
by cyclical fine-grained metasediments associated with ba-
sic volcanics and volcaniclastics. In the upper part of the
Crmel Group lenses of carbonates (partly altered to mag-
nesites) and occasionally lydites are present. Near the top
of the complex the sediments became coarser again. So
far, the Crmel Group is only palynologically dated as
Tournaisian-Viséan (Bajanik, Vozarova and Snopkovi,
1986). It corresponds therefore to the lower part of the
Ochtina Fm.

Permian and Lower Triassic rocks of the Crmelicum
are above all exposed SE of Kosicka Beld to NW of Kosi-
ce and west of Kurtava skala to east of Krompachy. The
mapped Permian and Triassic between these two occurren-
ces (Bajanik et al., 1984) are often Middle Jurassic deep-
water shales and blocks of oceanic and shallow-water pre-
rift Triassic (see under Meliaticum). The Permian con-
sists of continental brownish, violet and greenish-grey se-
diments (conglomerates, sandstones, siltstones, shales).
Acidic volcanics also occur. An unique facies with thin-
bedded cherts is also present. So far, continental Permian
bedded cherts were only known from the Tregiovo Beds of
Southern Alps. No hypersaline marine Upper Permian
rocks are present, and continental Alpine Buntsandstein
(fluviatile sandstones, siltstones, conglomerates) follows
immediately above continental Permian (well exposed in
temporary exposures east of Krompachy). As in the Alps,
Hungary and in the Germanic Basin, an abrupt climatic
change to more wet conditions is indicated by sedimento-
logic changes in the continental beds near the P/T boun-
dary. Detailed investigations in these areas have shown
that this climatic changes occurred in the late Dorasha-
mian (= late Changxingian) (Kozur, 1989a, 1994b). The
continental Alpine Buntsandstein is overlain by shallow-
marine sandstones, siltstones, shales and by Werfen Beds.

The absence of hypersaline marine Upper Permian in
the envelope of the Crmelicum indicates its rather nor-
thern position within the Paleozoic basement of the Inner
Western Carpathian nappes.
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In this connection, a nappe (named herein as Opétka
Nappe after the village Opatka) with very low-grade meta-
morphic Middle Triassic to Middle Carnian rocks has to
be discussed, which lies somewhat south of the Crmel
Nappe above Gemeric basement (Fig. 1, O). This nappe
was formerly regarded as part of the Stratend Nappe (Baja-
nik et al., 1984), but both the slight metamorphism and
the lithologic succession distinguish the Opatka Nappe
from the Stratend Nappe. The decollement plane at the
base of the Middle Triassic of the Opatka Nappe suggests
absence of Upper Permian hypersaline rocks (the usual
decollement level for the southern nappes) indicating
a northern position within the Inner Western Carpathians
nappe pile. The sequence of the Opatka Nappe consists of
dark dolomites, limestones, cherty limestones, Wetter-
stein Limestones and middle Carnian Reingraben Shales
with Halobia. The absence of hypersaline Upper Permian
beds in the Crmel Nappe and the presence of Lunz Beds
are northern features in the northern shelf of the Meliati-
cum, typical for the Hronicum. For this reason it is pos-
sible that the Permo-Scythian of the Crmel Nappe is the
original base of the Opétka Nappe. The presence of both
cherty limestones and Wetterstein Limestones in the La-

dinian-Cordevolian suggest a southern position within
the Hronicum.

Németh (1996) found low grade metamorphic Permian
and tectonically reduced Triassic beds between the Geme-
ricum and the Opatka Nappe. He assigned these beds to
the Borka Nappe comparing them with rocks in the Rad-
zim area that we assign to the Radzim Nappe, which is of
the same origin as the Borka Nappe (see below). As the
tectonically reduced nappe slice of the Meliaticum has no
blueschist facies, we assign these beds rather to the Me-
liaticum as it occurs in the Folkmar Suture Zone (see be-
low). It does not contain Upper Permian evaporites as the
Permian cover series of the Gemericum. Thus, it contains
the northern slope facies of the Gemericum at the margin
of the northern branch of the Meliaticum (see below).

The Dobsina Nappe north of the Gemericum (Fig. 1) is
tectonically most complicated and the various sequences
in different parts of the nappe are not found in succession
as shown by Neubauer and Vozarova (1990), but are tec-
tonically separated. The Dob%ind Nappe is the only nappe
of the Crmelicum, in which medium to high-grade meta-
morphic basement (gneisses, amphibolites) are present.
These rocks are mostly tectonically separated from the
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Fig. 1. Simplified sketch of tectonic units around the margin of the Gemericum s. str. 1 - Veporicum (Central Western Carpathians), 2 - 4 - Crmeli-
cum, 2 - Ochtind Nappe, 3 - Dobina Nappe (the continental Permian of the northern and eastern part belongs either to this nappe, as shown in the
figure, or to the Stratend Nappe), 4 - Crmel Nappe (the continental Permian in the northwestern part belongs either to this nappe, as shown in the
figure or to the Stratena Nappe), 5 - Oceanic Meliaticum (Middle Jurassic turbidites, olistostromes and melanges with blocks of dismembered
ophiolites and sediments of the Middle-Upper Triassic oceanic sequences and partly with blocks of the pre-rift sequence), 6 - Gemericum s.str.
(all nappes assigned by Grecula, 1982 to this unit except the Crmel Nappe) 7 - Triassic envelope series of the Gemericum (shallow-water limesto-
nes with basic tuffs and tuffites in the Middle Triassic part), partly transitional to the slope facies at the Gemeride slope of the Meliata Ocean (li-
mestone and basalts), 8 - Slope facies at the southern Gemericum slope of the Meliata Ocean (pillow lavas, metamorphosed in HP/LT meta-
morphism to glaucophane schists, metamorphic slope limestones and shallow-water limestone olistoliths), Borka Nappe (B} and Radzim Nappe (R),
9 - Higher nappe units from the slope (except of Gemericum slope) and outer shelf of the Meliata Ocean (Opatka Nappe (O), Silica Nappe, Stra-
tend Nappe, Torna Nappe etc.). 10 - Unit of unknown age and tectonic position.
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low-grade metamorphic Dob3ind sequence, but at the base
of the latter sequence pebbles of these rocks are present
that indicate the original stratigraphic connection. The
gneisses and amphibolites have been assigned to the Kla-
tov Group by Neubauer and Voziarova (1990), but the
Klatov Unit is only present in the southeastern Gemeri-
cum, far away from Dobsind Nappe and separated from
the Crmelicum by Triassic-Jurassic Meliaticum. Therefo-
re the medium high-grade metamorphic rocks of the Dob-
§ind Nappe are the primary basement of this nappe, inde-
pendent from medium to high-grade metamorphic rocks
in the southeastern Gemericum. The age of this medium
to high grade metamorphism is pre-Carboniferous, as Lo-
wer Carboniferous rocks within the Crmelicum are low
grade to very low grade metamorphic (Ochtind Nappe).
Most probably the metamorphism is pre-Hercynian (or
Silurian-Devonian Ligerian-Variscan sensu von Raumer
and Neubauer, 1993). These metamorphics may be an
equivalent of the Prieselbauer Complex that is regarded as
the basement of the Veitsch Nappe (Neubauer and Vozi-
rovd, 1990) and has according to these authors an Early
Devonian metamorphism age.

Above the metamorphic crystalline basement, a low-
grade metamorphic sequence begins with conglomerates,
sandstones, slates that tends to fining upwards. It is as-
signed to the Rudfiany Formation, to which seemingly
different units in various parts of the Crmelicum have be-
en assigned. The clasts contain gneisses and amphibolites
from the underlying crystalline basement. This sequence
is overlain by the Zlatnik Formation that consists of
greenish and grey slates, fine-grained metasandstones with
basic volcaniclastic layers and thin metabasalts. In the lo-
wer part of this formation carbonate bodies occur that
contain a rich fauna. Despite of the fossil content, the age
was somewhat disputed. The macrofauna was assigned to
the Westphalian C-D (Rakusz, 1932) or uppermost
Westphalian B (Boucek and Pribyl, 1960), but the mac-
roflora indicates Westphalian A-B (Némejc, 1953 in Neu-
bauer and Vozdrova, 1990). The latter age assignment
was confirmed by Kozur and Mock (1977) by conodonts
that indicate a Westphalian A age (middle Bashkirian
according to Kozur, 1984).

The paralic Himor Formation west of DobSind consists
of conglomerates, sandstones and slates with some an-
thracitic coal seams. The clasts consists of phyllites, me-
taquartzites, lydites, scarce granitoids and acidic volcanics.
The Hamor Fm. was palynologically dated as Westpha-
lian D-Stefanian A by Ilavskd (1964 in Neubauer and Vo-
zarova, 1990), corresponding to the upper Moscovian (o
Kasimovian (Kozur, 1984). Despite the fact that it lies
not in stratigraphic superposition on the Zlatnik Fm.,
such a position is indicated by the age of the two forma-
tions (Neubauer and Vozéarova, 1990).

Continental Permian rocks, juxtaposed to the Dobsina
Nappe, belong to the basal part of the Stratena Nappe. Ho-
wever, it cannot be excluded that the Dobsina Nappe is the
slightly detached Paleozoic basement of the Stratend Nappe.

According to Mahel (1986), the Crmel Group (part of
the Crmelicum) is a remnant of the original substratum

of the Hronicum. As discussed above, the Permian-Lower
Triassic envelope of the Crmel Nappe is partly preserved.
Evaporitic sediments are missing in the Upper Permian.
The P/T boundary lies in continental beds, the marine se-
dimentation begins within the lower Scythian. Therefore
the Crmelicum may be, in agreement with the view of
Mabhel (1986), a remnant of the original substratum of
the Hronicum. As discussed above, the Crmel Nappe
may be the original substratum of the Opdtka Nappe that
is only a little detached from the Crmel Nappe (in its pre-
sent position maximally 5 km). Its Middle Triassic to
Carnian sequence with a distinct Raibl horizon can be as-
signed to the Hronicum.

South-Rudabdnyaicum, North-Rudabdnyaicum, Silicium,
Murdnicum and Hronicum

The stratigraphic content of these nappe piles was desc-
ribed repeatedly in numerous papers and summarized in
books about the geology of the western Carpathians
(e. g. Andrusov, 1965, 1968; Mahel et al., 1968, 1974,
Mabhel, 1986). 1t will not discussed in the present paper.
Only the distinctive facial units are listed, some general
trends will be shown, and the original position will be
discussed, if necessary.

The South-Rudabanyaicum (Kozur, 1991a, b) compri-
ses nappes from the southern slope and outer shelf of the
Meliata-Hallstatt Ocean or of the southern branch of the
Meliata-Hallstatt Ocean (in the meridian of the Gemeri-
cum). It comprises the unmetamorphic Szé18sardé Nappe
and the anchimetamorphic Torna Nappe (Fig. 2), as well
as the low grade to very low grade metamorphic Brusnik
Nappe introduced by Kozur (in press a). The stratigraphic
successions of the Sz§16sardd and Torna nappes and abo-
ve all the differences to the northern slope and shelf of the
Meliaticum were discussed by Kozur (1991a, b).

The original position of these two nappes is disputed.
Kozur and Mock (e. g. 1987, 1988) assigned both to the
southern margin of the Meliaticum, Csontos (1988) as-
signed both to the northern margin of the Meliaticum,
and Kovacs (e. g. 1984) assigned the Torna Nappe to the
southern margin of the Meliata-Hallstatt Ocean, the
Sz616sardé Nappe as assumed lower slice of the Silica
Nappe to the northern margin of the Meliata-Hallstatt
Ocean. The view of Csontos (1988) is based on his re-
construction of the Meliata-Hallstatt Ocean as a Neotet-
hyan ocean south of the Biikk Mountains that was still
open in the Upper Cretaceous. In this reconstruction, the
Rudabanya Nappe (Bodva facies sensu Csontos) is the la-
teral equivalent (E - W) of the eastern Biikk Mountains,
the Silica Nappe the lateral equivalent (E - W) of the
Fennsikum (nappe of the Biikk plateau) and the Torna
Nappe was placed immediately north of the Fennsikum
and shown as the lateral equivalent (E - W) of the Mura-
nicum. The Gemericum was shown as the transitional
segment (in E - W direction) between the Biikk-Fennsi-
kum and the Silicicum. This reconstruction is in basical
conflict with many geological data, e. g. there is no evi-
dence for any oceanic Cretaceous rocks in the Meliati-
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cum, and any facies transition between the totally diffe-
rent Fennsikum and the Gemericum are absent. For this
reason, the hypothetical reconstruction by Csontos
(1988) that was mainly based on structural geology wi-
thout adaequate consideration of other geological eviden-
ces was not taken into consideration in later papers and
even not mentioned by Trunké (1996). However, some of
the basic statements in this paper are acceptable. For in-
stance, the Torna and the Sz&18sard6 nappes were surely
rooted on one side of the Meliata-Hallstatt Ocean and not
on the opposite sides of this ocean. The lithological su-
ccession is nearly identical, the event succession and fau-
nal succession are identical and distinctly different from
any other shelf and slope development of the Meliata-
Hallstatt Ocean. This is not a local convergence, as both
equivalents of the unmetamorphic, and to a small extent
also of the metamorphic South-Rudabanyaicum can be
found also in the Estern Alps (Geyerstein nappe as unme-
tamorphic South-Rudabdnyaicum, and metamorphic sli-
ces of South-Rudabanyaicum character in the Edenhof
section in the southeastern Northern Calcareous Alps as
equivalents of the Torna or Brusnik nappes, Kozur and
Mostler, 1992). The real question is therefore, whether
both sequences originate at the southern margin or at the
northern margin of the Meliata-Hallstatt Ocean. Our argu-
ments for a position at the southern margin of the Melia-
ta-Hallstatt Ocean were published in Kozur and Mock
(1988), Kozur (19914, b) and Kozur and Mostler (1992).
Together with some new aspects, they are: (1) The Trias-
sic crustal mobility was in the SzG1Gsardé and Torna nap-
pes considerably higher than in units that were derived
from the northern margin of the Meliata-Hallstatt Ocean
as it is indicated from the below listed differences. (2) The
rifting at the later southern slope of the Meliaticum be-
gan earlier than at the later northern slope (and earlier
than in the later Meliata-Hallstatt Ocean themselves) in
a time (Bithynian-early Pelsonian) as the oceanic con-
nection to the world ocean was not yet established. The
subsidence in these earliest rift basin was gradual and the-
se basins were partly still euxinic. Therefore at the later
southern slope of the Meliata-Hallstatt Ocean pelagic se-
diments (mainly dark euxinic rocks) overlay with gradual
contact the underlying shallow water limestones. Only in
this part continental rift volcanism with acidic, interme-
diate and basic volcanism occur in the upper Bithynian
and lower Pelsonian. In the Meliata-Hallstatt Ocean and
its northern slope the rifting began within the Pelsonian
contemporaneously with the establishment of a free con-
nection to the world ocean. Its onset is characterized by
a sudden subsidence of the carbonate platform and deposi-
tion of red pelagic limestone (Zarnov Limestone Forma-
tion Kozur and Mock, 1985, junior synonym: Dunnatetd
Formation by Kovics et al., 1988) in an extremely exten-
sional regime indicated by numerous fissure in the under-
lying shallow water limestone, filled with red pelagic li-
mestone of the Zarnov Formation, and the onset of
throughout basic volcanism in the Meliata-Hallstatt
Ocean. (3) Already at the Bithynian/Pelsonian boundary
and in the lower Pelsonian, terrigenous siliciclastic mate-

rial (siltstones and shales) occur. In this time all Inner
Western Carpathian units north of the Meliaticum are free
of any terrigenous siliciclastic input and are built up of
mostly shallow water, rarely pelagic clastica-free limesto-
nes. Even in the Pelsonian of the Central Western Car-
pathians a carbonate platform without any siliclastic in-
put is present. Pelsonian basins within the Inner Western
Carpathians that would be a trap for silicilastic sedi-
ments, have also no siliclastic input. A derivation of any
unit with siliciclastic input in the lower Pelsonian (B6d-
varaké Formation) from the northern margin of the Me-
liata Ocean is therefore definitely impossible. There was
no Pelsonian subaerially exposed basement near to the de-
position area of those Inner Western Carpathian units that
were derived from north of the Meliata-Hallstatt Ocean,
but such elevated source areas must be present south of
the Meliata-Hallstatt Ocean, as they are present in the
Southern Alps and other South Tethyan units. (4) Dis-
tinct volcanic activity begins at the southern slope of the
Meliata-Hallstatt Ocean in the upper Bithynian and lower
Pelsonian, where tuffits and tuffs are present and clasts of
acidic, intermediate and basic volcancis are transported in
the basin. No such volcanic activity is knwon from north
of the Meliata-Hallstatt Ocean. (5) The upper Anisian to
Cordevolian of the southern slope of the Meliata-Hallstatt
Ocean is characteriszed by limestones with slump brec-
cias, intraformational breccias and grain-sized resedimen-
tation (allodapical limestones). Especially in the Alps
(Geyerstein Nappe), the clayey intercalations are often
tuffitic. Also this development shows a higher crustal
mobility than in the deposition area north of the Meliata-
Hallstatt Ocean, where either shallow water limestones or
Hallstatt Limestones without widespread redeposition are
present. (6) In the middle Carnian a thick clastic Raibl
horizon is present at the southern slope and outer shelf of
the Meliata-Hallstatt Ocean that is missing in the units
adjacent to the northern margin of the Meliata-Hallstatt
Ocean. Only in the Muranicum terrigenous Lunz Beds
(mainly of insignificant thickness) are present and thick
Lunz beds are only known from the Hronicum, far away
from the nor-thern margin of the Meliata-Hallstatt Ocean.
The transport of siliclastic terrigenous material from the
north to the northern slope of the Meliata-Hallstatt Ocean
could be only go through channels that cross the middle
Carnian shallow water platform of the Silicicum. Howe-
ver, such channels can be nowhere observed in the vast
and well exposed middle Carnian carbonate platform of
the Silicium. As there are no block faultings in the mid-
dle Carnian of the Silica Nappe, the presence of such lar-
ge channels is not very probable. (7) The upper Carnian
and Norian south of the Meliata-Hallstatt Ocean
(Sz616sardé and Torna nappes) are characterized by Pot-
schen Limestone (platy, cherty, marly, bedded limestones
with thin terrigenous shale intercalations), whereas at the
northern margin ei-ther Hallstatt Limestone or (more di-
stant from the Meliata-Hallstatt Ocean), Dachstein Li-
mestone were deposited, both free of any shale intercala-
tions. (8) The Middle Jurassic south of the Meliata-Hall-
statt Ocean is a typical active margin sequence with oli-
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stoliths of sandstones and acidic volcanics from an island
arc. The northern margin is at that time the passive mar-
gin with a quiet deep water sedimentation.

These differences between deposits from the northern
and southern slope and outer shelf of the Meliata-Hallstatt
Ocean are clearly recognizable in Slovakia, in parts of
northern Hungary and in the southeastern part of the
Northern Calcareous Alps (Kozur and Mostler, 1992).
The difficulties in the interpretation come from the high-
ly tectonized Rudabanya Mountains in northern Hungary.
There, small slices of Meliaticum and slope deposits
from the northern and southern slope of the Meliaticum
are tectonically juxtaposed. The tectonic situation is so
complicated that it is sometimes even difficult to decide
whether strong lithologic changes in few 100 m are late-
ral facies changes or tectonic juxtaposition in an area that
is generally not well exposed. Thus, Kovics et al. (1988)
wrote that the Bédvalenke Formation changes strongly
within few 100 m and numerous untypical variants of
this formation are present. As this formation is partly
a strongly condensed unit of few 10 m for the long time
interval from the upper Anisian to the upper Carnian,
such abrupt lateral facies changes are not very probably.
Rather different tectonic slices were there put into one
formation that is also indicated by the fact that rapidly se-
dimented calciturbidites were also put into this formation
by Kovécs et al. (1988). The view of Trunké (1996) that
the Raible Beds occur also north of the Meliata-Hallstatt
Ocean, because they are present in the Bédvalenke Lime-
stone that belongs undoubtedly to the northern margin of
this ocean is a circular conclusion. As a part of the Béd-
valenka Formation occurs acording to Kovics et al.
(1988) above the Bédvardké Formation with upper Bithy-
nian to lower Pelsonian siliciclastic beds unknown from
any unit of the Western Carpathians north of the Meliata-
Hallstatt Ocean, but common in units from south of the
Meliata-Hallstatt Ocean (also in the Alps), a part of the
Bddvardké Formation was derived from south of the Me-
liata-Hallstatt Ocean and the presence of Raible beds is
then a logical consequence. As other parts of the Bodva-
lenke Formation are shown by Kovécs et al. (1988) to
overlay the Zarnov Limestone (“Dunnatet§ Limestone”),
obviously different units were united in the Bodvalenke
Formation. The interfingering of the “Dunnatetd Limes-
tone” with the Bédvardké Formation shown by Kovdcs et
al., (1988) and in many other publications by Kovacs is
nowhere recognizable and also rather unlogical. The Zar-
nov Limestone is a highly oxygenated open sea basinal
deposit with a rich open sea fauna, the Bédvaraké Forma-
tion is a partly euxinic, but also in the non-euxinic part
restricted basin development with a restricted basin fauna
without connection to the open sea faunas. Hardly to
imagine that such different basinal facies with different
pelagic faunas interfinger each other. Moreover, all pre-
vious datings of the Bédvaraké Formation have yielded
conodonts and radiolarians of Bithynian to early Pelso-
nian age, whereas the Zarnov Limestone has a middle or
late Pelsonian to Illyrian age. Formations of different
ages, however, cannot stratigraphically interfinger. Thus,

the indicated interfingering of both formations by Kovacs
et al. (1988) and in other papers of Kovacs is either an
unproven hypothesis or there are sections with tectonic
juxtaposition of both formations that we do not know.

Likewise improbable is the interfingering of Hallstatt
Limestones and Bodvalenke Limestone (starved sedimen-
tation with submarine subsolution) with the rapidely de-
posited thick Széldsardé Marls (Raible Beds) in a boreho-
le as indicated by Trunké (1996) as a further evidence for
the presence of clastic Raible beds on the northern slope
of the Meliata-Hallstatt Ocean. Seemingly, also these
units are tectonically juxtaposed, independently from the
fact that in a borehole the lateral extent of lithostratigrap-
hic units cannot be studied.

The reconstruction by Kovics to place the Sz818sard6
and Torna nappes at the two opposite side of the Meliata-
Hallstatt Ocean is based on two unproven assumptions.
As in his opinion an invariable metamorphic succession
from the anchimetamorphic to epimetamorphic Torna
Nappe through the anchimetamorphic Meliaticum to the
umetamorphic Silica Nappe (including its assumed lower
slice, our Sz816sardd Nappe) is present, he concluded that
there must be a nappe pile Torna Nappe—Melia-
ticum—Sz616sardé slice of the Silica Nappe. And as he
assumed only southwards directed nappe transport in the
southern part of the Inner Western Carpathians (toward
the north until the Silica Nappe), the highest nappe must
be that nappe with the northernmost origin. Both as-
sumptions of Kovdacs cannot be confirmed. What are the
facts: The assumed metamorphic succession does not
exist in this simple manner. The Torna Nappe is indeed
anchimetamorphic or epimetamorphic. The Meliaticum is
partly anchimetamorphic, partly unmetamorphic and part-
ly it underwent the highest known Cimmerian metamorp-
hic overprint, the blueschist facies. Alone these differen-
ces in the metamorphic degree within one unit show that
the metamorphic degree does not depend from the present
position in the nappe pile, but it is a transported meta-
morphism. The hypothetical nappe pile established by
Kovics and repeatedly published as really existing nappe
pile, cannot be confirmed. In the type area of the Torna
Nappe, the half window of the Turnianska kotlina, the
Torna Nappe is directly overlain by the Silica Nappe wit-
hout traces of Meliaticum between these nappes, because
the Meliaticum lies in a deeper tectonic position as the
Torna Nappe. Also in other occurrences, the South-Ruda-
banyaicum lies always above the Meliaticum. Especially
impressive this is shown in the Brusnik anticline, where
the below described Brusnik Nappe of the South-Rudaba-
nyaicum lies on Meliaticum, as proven also in a borehole
(Vozéarova and Vozér, 1992). In those areas, where the
metamorphic Torna Nappe is replaced by the unmeta-
morphic Sz§l§sardé Nappe, the position of the SzSlGsar-
dé Nappe is the same as that of the Torna Nappe, between
the Meliaticum below and the Silicum above, as well re-
cognizable along the southern margin of the Slovakian
Karst (Aggtelek Karst) and in the Mokra Luka window.
Also the exclusively southwards directed transport of the
nappes in the southern part of the Inner Western Car-
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pathians cannot be confirmed. The Cimmerian nappe
thrusting was, in agreement with the southwards directed
subduction of the Meliata-Hallstatt Ocean, northwards di-
rected (e. g. South-Rudabdnyaicum on Meliaticum), and
only the far younger, Cretaceous thrusting of the Silica
Nappe was southwards directed (see later). Thus, the clas-
sical field observations of the Inner Western Carpathians
that the southwards directed thrust of the Silica Nappe is
a younger movement, could be confirmed.

As Kovacs (in all his papers that deal with this proble-
matic) has published his hypothetical nappe pile as a real
existing nappe pile (as already discussed in Kozur and
Mock, 1988), Trunké (1996) has overtaken this errone-
ous nappe succession as a real existing succession and
used it for supporting of the hypothesis by Kovics.
Thus, Trunké (1996, p. 152) wrote: “Finally a potential-
ly decisive argument against a southernly emplacement
of Sz616sard6 is the metamorphic succession: correspon-
ding to the position in the nappe pile, rocks of the Tor-
naicum are anchi- to epimetamorphic, those of the Me-
liaticum are anchimetamorphic while the Silicicum is
not metamorphosed; Sz616sard6 is not metamorphosed
either.” This is a classical circular conclusion. First, Ko-
vacs established on the base of different metamorphic
overprints a non-existing hypothetical nappe succession
and subsequently Trunké (1996) stated that the meta-
morphic succession fits exactly into this (non-existing !)
nappe succession.

The third nappe of the South-Rudabdnyaicum, the
Brusnik Nappe, has a low grade, in the Permo-Triassic
part very low grade metamorphic sequence that is exposed
in the Brusnik anticline. This sequence begins above the
thrust plane with a Bashkirian siliciclastic flyschoid se-
quence (Turiec Formation sensu Vozarovd and Vozér,
1992) consisting of graded shales, siltstones, sandstones,
acidic tuffs, tuffitic sandstones and clayey, micritic or or-
ganodetritic limestones. The limestones yielded Bashkiri-
an conodonts (Ebner et al., 1990). The Turiec Formation
is overlain unconformably by variegated, coarse clastic,
continental Permian Red Beds, followed with stratigra-
phic contact by Lower Triassic sandstones and shales
(Vozérova and Vozér, 1992). The lower (to middle?) Ani-
sian consists of Gutenstein and Steinalm Limestones,
transitionally overlain by middle Anisian to Car-
nian grey, locally pinkish-grey cherty limestones with in-
tercalations of dark-grey shales. The Middle Triassic to
Carnian succession is very similar to the Torna and
Sz816sardé Nappe successions (as already stated by Voza-
rova and Vozir, 1992) and has also the same fauna. The
difference to the other two nappes of the South-Rudaba-
nyaicum is the presence of continental coarse clastic Per-
mian instead of the hypersaline marine Upper Permian,
and the presence of a part of the low grade metamorphic
Hercynian basement (Bashkirian flysch), whereas the
thrust plane of the Torna and SzG18sardé nappes is the
base of the Upper Permian hypersaline horizon.

The Brusnik Nappe lies, like most occurrences of the
South-Rudabanyaicum, on Meliaticum that was before
Ebner et al. (1990) and Vozarové and Vozar (1992) ge-
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nerally assigned to the “Gelnica Group” of the Gemeri-
cum, but it is a Middle Jurassic accretionary complex
with olistoliths of basalts and other rocks of the Melia-
ticum.

The North-Rudabanyaicum (Rudabdnya Nappe, not
shown in Fig. 2) has only a restricted distribution becau-
se it represents the narrow slope belt between the Melia-
ta-Hallstatt Ocean and the adjacent northern outer shelf
with Triassic transitional facies between the Silica Nappe
and the sedimentary sequences of the Meliaticum. In the
meridian of the Gemericum, it represents the northern
slope facies at the northern branch of the Meliaticum.
The facial similarities and differences of the sequences of
the South- and North-Rudabédnyaicum are discussed by
Kozur (1991a, b).

The Silicicum (Mello, 1979; Biely, 1989) was mostly
used in a very wide sense, comprising all nappes of the
Upper Subtatricum, North and South Gemeride Triassic
sensu Andrusov (1968), which were included into the Ge-
meride Triassic, before Kozur and Mock (1973a, b) pro-
ved the nappe character of the Gemeride Triassic. In this
sense, the Silicicum is a too large unit comprising (in
our subdivision) the North-Rudabanyaicum, Silicicum
and Murénicum as well as parts of the South-Rudabanyai-
cum. This Silicicum sensu lato is the equivalent of the
entire Tirolicum and Juvavicum of the Eastern Alps. We
restrict, as Kozur (1991a, b) did, the Silicicum to the Si-
lica Nappe that may consist of more than one nappe
(e. g. the Triassic-Jurassic sequence of Bleskovy pramefi
south of Drnava, Slovakian Karst belongs probably to an
independent nappe of the Silicicum). In this restricted
sense, the Silicicum was derived from the northern outer
shelf of the Meliata-Hallstatt Ocean. It is characterized by
hypersaline Upper Permian, marine Scythian with first li-
mestone intercalations in the lower Scythian, Ladinian-
lower Tuvalian (Kozur and Mock, 1974) Wetterstein Li-
mestone (in the Ladinian partly replaced by basinal lime-
stones and cherty limestones), overlain by Tuvalian bra-
chiopod-crinoid limestone and upper Tuvalian-Norian
Hallstatt limestone and Rhaetian Zlambach Marls (for
Upper Permian to Oxfordian sequence see Mock, 1980
and Kozur, 1991a, b). Laterally, the Hallstatt Limestone
is replaced by shallow-water limestone, similar to Dach-
stein Limestone. Interesting is a clastic horizon in the
uppermost Rhaetian and lowermost Hettangian near Bo-
hiriovo that may contain blue amphiboles (Aubrecht,
pers. comm., see under Meliaticum). Very characteristic
is the sudden change from lower Oxfordian radiolarites to
upper Oxfordian shallow-water limestones (MiSik and Sy-
kora, 1980; Kozur, 1991a, b). The North-Rudabdnyaicum
may be united with the Silicicum s. str., but for the mo-
ment we separate this slope facies with clear facies transi-
tions to the Meliaticum, mainly for its easy correlation
with corresponding units in the Alps. The lithologic su-
ccession of the Silica Nappe is shown in Fig. 2.

The Murénicum is introduced herein for the Stratena,
Muran, StraZov and Nedzov nappes. It corresponds to the
North Gemeric Triassic and Upper Subtatricum sensu An-
drusov (1965). It has in its southern units (Stratend and
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Murafi nappes) the northernmost occurrence of hypersali-
ne rocks in the Upper Permian of Western Carpathians.
Very characteristic are thick Ladinian Wetterstein Lime-
stones (laterally partly replaced by Wetterstein Dolomite),
overlain by Carnian dolomites that may contain thin di-
stal Lunz shales. In the northern units (StraZov and Ned-
zov nappes), the Hauptdolomit represents the entire No-
rian. These two nappes have transitional character to the
originally northward adjacent Cho¢ Nappe of the Hroni-
cum (Mabhel, 1986) and their assignment to the Murani-
cum or Hronicum is a matter of convention. However, in
the last years the Hronicum was always restricted to the
Cho¢ Nappe s.l. (compare Biely, 1989) and already An-
drusov (1968) placed the Cho¢ Nappe in his Middle Sub-
tatricum, but the StrdZov and Nedzov nappes in his Upper
Subtatricum. In the southern units (Stratend and Muraf
nappes), upper Carnian to lower Norian Hauptdolomit is
overlain by Norian Dachstein Limestone, partly errone-
ously named as Tisovec Limestone; the term Tisovec Li-
mestone was rejected by Krystyn et al. (1990) by well
founded reasons. Youngest known preserved beds are of
Liassic age. The Silicicum is distinguished by the presen-
ce of uppermost Carnian and Norian Hallstatt Limestones
in large parts of the unit and the absence of Ladinian and
Carnian dolomites indicating a more southern position
nearer to the Meliaticum.

The Hronicum (Middle Subtatricum sensu Andrusov,
1968) is used in the sense of Biely (1989) for the Chot
Nappe and near related nappes or partial nappes or slices,
but additionally the Opatka Nappe (see under Crmelicum)
is added. In the southern Biely Vdh Subunit of the Chot
Nappe, Reifling Limestones, thick Lunz Beds and upper
Carnian-Norian Hauptdolomit are present. In the northern
Cierny Véh Subunit of the Cho¢ Nappe, the Anisian-No-
rian sequence consists mainly of dolomites, in the lower
part also of dark limestones. The dolomites are subdivided
by terrigenous Lunz Beds. In the frontal (northernmost)
part of the Cho¢ Nappe, thin intercalations of variegated
claystones with marly dolomites are present in the Norian
Hauptdolomit that remember to Carpathian Keuper. Cha-
racteristic for the Cho¢ Nappe is furthermore a thick
continental Permian with melaphyres and a continental
Permian-Triassic transition without Upper Permian eva-
porites. Marine beds begins only above the continental
Alpine Buntsandstein within the lower Scythian.

The Opiétka Nappe (see under Crmelicum) is a small
remnant of the Hronicum that was only a little detached
from its Crmelicum basement.

The nappes of the North-Rudabdnyaicum, Silicicum,
Murénicum and Hronicum are always in tectonically hig-
hest positions above other Inner Western Carpathian or
Central Western Carpathian units. For these units the na-
me Upper Slovakocarpathian Unit, analogous to the Up-
per Austroalpine Unit, is introduced. The Upper Slovako-
carpathian Unit lies in the same tectonic position as the
Upper Austroalpine Permo-Mesozoic nappes of the Nor-
thern Calcareous Alps. The Crmelicum as part of the
substratum of the Hronicum belongs also to the Upper
Slovakocarpathian Unit.
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The low-grade metamorphic envelope series of the sout-
hern Veporicum (Foderata Unit, southernmost Permo-Me-
sozoic cover unit of the Central Western Carpathians) dis-
plays a nearly identical succession with the Cho¢ Nappe
as the originally northernmost unit of the Inner Western
Carpathians. The Foderata Unit is characterized by conti-
nental Permian with a continental Permian-Triassic transi-
tion, lower Scythian quartzites and conglomerates, upper
Scythian Werfen beds, dark and light Middle Triassic shal-
low-water limestones interfingering with pelagic Ladi-
nian-Cordevolian cherty limestones, clastic Lunz Beds
and Hauptdolomit. Only the presence of Dachstein Li-
mestone above the Norian Hautpdolomit in a part of the
Cho¢ Nappe indicates a slightly more southern original
position of the Cho¢ Nappe compared with the Foderata
Unit. The main difference is the low grade metamorphism
in the Foderata Unit caused by different later tectonic de-
velopment. The transitional development of Cho¢ Nappe
and Foderata Unit is important for the rooting of the In-
ner Western Carpathian surface nappes.

All facies transitions can be observed from the Foderata
Unit (envelope series of the southern Veporicum) through
the nappes of the Hronicum, Murdnicum, Silicicum,
North-Rudabdnyicum to the Meliaticum. This indicates
original adjacent position of these units in the mentioned
succession, which is their original N - S distribution. For
instance, upper Carnian and Norian are characterized by
Hauptdolomit facies in the Hronicum, Dachstein Lime-
stone and similar shallow-water limestone above upper
Carnian dolomites in the Murédnicum, Dachstein Lime-
stone and above all Hallstatt Limestone above Wetter-
stein Limestone in the Silicicum, and Hallstatt Limesto-
nes above a continuously pelagic Pelsonian-Carnian se-
quence in the North-Rudabanyaicum. Clastic Lunz Beds
are thick and with sandstones in the Cho¢ Nappe, thin
and shaly in the StrdZov and Muraii nappes and absent in
the Silica and Rudabédnya nappes. The exceptional occur-
rence of distal Lunz Beds with Halobia in the Opatka
Nappe can be explained with its original northern posi-
tion as part of the Hronicum (see above). The clastic
middle Carnian beds in the southernmost nappes (Torna,
Sz618sardé nappes) can be explained by the original posi-
tion of these nappes at the southern slope and adjacent
outer shelf of the Meliata-Hallstatt Ocean. All nappes of
the Western Carpathians and Eastern Alps that were roo-
ted on the southern slope and shelf of the Meliata-Hall-
statt Ocean have clastic Raibl beds transported from the
south (Kozur and Mock, 1987, 1988; Kozur, 1991a, b;
Kozur and Mostler, 1992).

Similar transitional changes of paleogeographic impor-
tance can be observed in the Upper Permian and Scythian.
In those nappes that rooted in the north (Cho¢ Nappe, Cr-
mel Nappe), the entire Permian is continental, and a conti-
nental Permian-Triassic transition can be observed, as in
the envelope of the Veporicum. The marine sedimentation
began within the lower Scythian. In the more southerly
rooted nappes, €. g. Silica and Rudabdnya nappes, the
Upper Permian is hypersaline marine with gypsum and
few dolomiites containing marine euryhaline ostracods and
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foraminifers. The P/T boundary lies in shallow-marine
beds and first limestones occur in the lower Scythian.
The nappes of the Murdnicum have transitional character
between these two Permian-Scythian developments. In
the Upper Permian some evaporites are present, but the
P/T boundary is mostly in continental beds with basal
conglomerates and the marine sedimentation begins a litt-
le above the basal conglomerates. However, much of the
marine lower and middle Scythian are sandstones, siltsto-
nes and shales and only in the upper Scythian marls and
limestones dominates.

A very important feature for paleogeographic recon-
structions is the upper Carnian-Norian subsidence in the
slope and outer shelf successions of the Meliata-Hallstatt
Ocean. As shown by Kozur (1991a, b), the sea-floor
spreading in the Meliaticum ended at the base of the
middle Carnian. Crustal cooling connected with this
event caused subsidence on the adjacent slope and outer
shelf. This is well recognizable on the outer shelf, where
Middle Triassic to middle Carnian shallow-water algal li-
mestones and other shallow-water sediments are overlain
by pelagic limestones, often Hallstatt Limestones (Silica
Nappe). Similar development can be observed along the
entire outer shelf of the Meliata-Hallstatt Ocean in the
Western Carpathians and Eastern Alps. In the slope de-
posits, this subsidence caused by crustal cooling cannot
be recognized, because it occurs within Middle Triassic
to Upper Triassic deep-water sequences, in which a fur-
ther subsidence is not recognizable by sedimentologic
changes.

By this development the outer shelf of the Meliata-Hall-
statt Ocean is well distinguished from the outer shelf of
South Tethyan oceans. Because there the oceanic sea-floor
spreading began in the middle Carnian or became more
pronounced at that time, the opposite development (shoul-
der uplift) can be observed. For this reason pelagic Middle
Triassic (or even Olenekian)-Cordevolian deposits are the-
re overlain by shallow-water Upper Triassic limestones
and dolomites (e. g. in the Subpelagonicum, Southern
Alps, Drauzug, Balaton Highland). This different behavi-
our of the outer shelves along different oceans is impor-
tant for paleogeographic reconstructions (see chapter 6).

In the slope development of the Rudabdnya Nappe, in-
terfingering of typical Meliaticum facies (e. g. red Ladi-
nian cherts) with more marginal developments (cherty li-
mestones) can be observed in the Ladinian and Cordevo-
lian, and typical sediments of the outer shelf (e. g. upper
Norian Hallstatt Limestones) occur. By this, a conti-
nuous facies succession from the Meliaticum oceanic se-
quence to the outer shelf sequence can be observed. On
the other hand, a facies transition between the Meliaticum
shelf deposits and the envelope of the Veporicum is pre-
sent (see above), and consequently continuous Triassic fa-
cies successions from the Meliata-Hallstatt Ocean until
the Central Western Carpathians can be observed.

The continuous Triassic-Jurassic facies successions are
broken by the Meliata-Hallstatt Ocean. The units that de-
rived from the southern slope of the Meliata-Hallstatt
Ocean (South-Rudabdnyaicum sensu Kozur, 1991a, b;

Kozur and Mostler, 1992; Torna, Sz§16sardé and Brusnik
nappes of the western Carpathians, Geyerstein Nappe of
Eastern Alps) are distinctly different and do not fit in the
continuous facies successions observed at the northern
margin. Distal clastic input (shales, siltstones, in the
Eastern Alps also some detrical quartz) in the uppermost
lower Anisian and Pelsonian, and thick distal Raibl beds
(shales, marls) do not fit in any slope development from
the northern slope of the Meliaticum. Because of the gene-
ral higher terrigenous influx, condensed limestones of
Hallstatt Limestone type are missing or rare on the sou-
thern slope, where marly and cherty limestones prevail.
Also in the Jurassic, the differences are pronounced. Olisto-
liths of sandstones and acidic volcanics in well dated Mid-
dle Jurassic turbidites and olistostromes of the South-Ru-
dabéanyaicum (Grill and Kozur, 1986; Kozur, 1991a, b), in-
dicating southward directed Middle Jurassic subduction of
the Meliata-Hallstatt Ocean, are unknown from the Middle
Jurassic of the northern slope of the Meliaticum.

The above mentioned differences and discontinuities in
the Triassic-Jurassic facies development are well explaina-
ble with the position on the two opposite sides of the
Meliata-Hallstatt Ocean. However, the Upper Permian-Ju-
rassic development of the southwards adjacent Biikk Mts.
is so different that the Biikkium was probably juxtaposed
by later large scale lateral movements, but an explanation
of the Jurassic sea-floor spreading in the Szarvaskd area
(Bator Nappe) by back-arc opening in front of the subduc-
ting Meliata-Hallstatt Ocean cannot be excluded (Kozur,
19914, b).

It is very interesting that the pre-Cimmerian history is
very different on both sides of the later Meliata-Hallstatt
Ocean. North of the later Meliata-Hallstatt Ocean the Car-
boniferous followed above (? pre-Hercynian) medium to
high grade metamorphics and is rather of molasse type,
with shallow-water Middle Carboniferous. South of the
later Meliata-Hallstatt Ocean the Middle Carboniferous is
a deep-water flysch and there are no indications that an
Early Paleozoic medium to high grade metamorphic base-
ment was present. Thus, between the later northern and
southern slope/shelves of the Meliaticum already a Hercy-
nian suture zone with Middle Carboniferous or post-
Middle Carboniferous closure was present. Consequently,
the Meliata-Hallstatt Ocean opened apparently at the place
of a Hercynian Middle Carboniferous suture zone. Alrcady
Grecula (1994a, b) assumed that the place of the later Me-
liata rift was anticipated by the Hercynian development.
The same can be observed in northern Turkey, where the
latest Permian to middle Triassic opening of the Cimme-
rian Ocean was near and partly at the place of a Hercynian
remnant basin.

The Alpine development of the Inner Western Carpa-
thians began in the upper Oxfordian. Until the lower Ox-
fordian, the Jurassic of the southern and northern nappes
of the Upper Slovakocarpathian Unit is similar and see-
mingly only controlled by the development of the Melia-
ta-Hallstatt Ocean (Jurassic is unknown or only the lower
part is known in the nappes between the Silicicum and
the Hronicum). The lower Oxfordian radiolarites of the
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Fig. 2. Late Permian to Oxfordian sequences of the Inner Western Carpathians in the meridian of the Gemericum from the South-Rudabanyaicum
(southern slope and outer southern shelf of the Meliata Ocean) in the south to the Silicicum (northern outer shelf of the Meliaticum) in the north.
North-Rudabanyaicum (northern slope of the Meliaticum) with transitional facies between Meliaticum and Silicicum was omitted for space rea-
sons (for its Late Permian to Jurassic sequence see Kozur, 1991a, b). Thickness of the units not at scale. 1 - conglomerate, 2 - sandstone, 3 - siltsto-
ne, 4 - silty-shaly turbidites with olistoliths, 5 - shale, 6 - radiolarite, 7 - dolomite, 8 - shallow-water limestone, 9 - partly oolitic limestone, 10 - pela-
gic limestone, |1 - fissure fillings of pelagic limestones in shallow-water limestones, 12 - cherty limestone, 13 - marly limestone, 14 - marl,
15 - evaporites (gypsum, anhydrite), 16 - basic and ultrabasic rocks (pillow lavas, gabbros, serpentinites, basaltic tuffs), 17 - sea-floor spreading,
18 - basaltic agglomerates, tuffs, basalts, in the Borka and Radzim nappes altered to glaucophane schists, 19 - basalt intercalations (often amygdoi-
dal basalts) in limestones, 20 - basic tuffs in limestones, 21 - acidic volcanics.

Silica Nappe are overlain by upper Oxfordian and younger
shallow-water limestones, and subsequently by freshwater
deposits, known from pebbles (MiSik and Sykora, 1980)
or from fissure fillings. In the Cho¢ Nappe the deep-water
development continued until the Neocomian. This indica-
tes separated tectonic development since the upper Oxfor-
dian. Whereas the deposition area of the Silica Nappe was
elevated during the middle Oxfordian final closure of the
Meliata-Hallstatt Ocean, the Cho¢ Nappe was involved in
the inner shelf of the South Penninic Ocean and the deep-
water deposition continued. During the subduction of the
South Penninicum the Cho¢ Nappe (with higher nappes,
like the StraZov Nappe, on its back) was northwards
transported. Other nappes remained near to the root zone
(e. g. Stratend, Opatka, Murdi nappes). The southernmost
units, in turn, were southwards thrust during pre-Gosauan
time. We think that this southward thrust that can be
found from the southern units of the Inner Western Car-
pathians (e. g. Silica Nappe) to the Biikk Mountains
south of the Inner Western Carpathains, is related to the
pre-Gosauan northward directed subduction of the
Szarvaskd Ocean in the Biikk Mts.

The question of the root zone of the nappes that origi-
nated from the slopes and shelves of the Meliata-Hallstatt
Ocean is connected with the position of the suture zone
of the Meliata-Hallstatt Ocean and will be therefore dis-
cussed in the following chapter.

Meliaticum

The Meliata-Hallstatt Ocean is the decisive element of
the Cimmerian development of the Western Carpathians
and Eastern Alps. The position of the root zone of this
ocean is very important for paleogeographic reconstructi-
ons within the Western Carpathians and Eastern Alps and
for their mutual correlation.

The geologic evolution of the Meliata-Hallstatt Ocean
in the Western Carpathians has been described by Kozur
(1991a, b); for lithologic successions and their stratigra-
phic datings see these papers (compare also Fig. 2). Sub-
sequently, the same development was found and well dated
by radiolarians and conodonts in the eastern part of Eas-
tern Alps (Kozur and Mostler, 1992; Mandl and Ondrejic-
kova, 1991, 1993). The most important phases in the ge-
ological evolution of the Meliata-Hallstatt Ocean were:

- Aborted continental rifting in the Upper Permian.
A hypersaline marine belt was formed by this rifting and
first basic effusiva extruded. This hypersaline marine belt
was not connected with the South Tethyan marine Per-
mian of the Southern Alps, Dinarides and Vardar Zone,
but the continuation of an Upper Permian Cimmerian rift
zone in northwestern Turkey (Kozur and Kaya, 1994; Ko-
zur, in press b). Between these two marine Permian belts
an elevated area without Permian sediments or with conti-
nental Permian sediments was present. Parts of this belt
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are: The Central Alpine Belt south of the Meliaticum and
its slopes and shelves (in the reconstruction by Brander
and Sperling, 1995 SW of the Northern Calcareous Alps,
see Fig. 6), the southernmost part of the South-Rudaba-
nyaicum (Brusnik Nappe) and a zone without or continen-
tal Permian (e. g. Karaburun Zone, northern part of the
Bolkardag Unit) between the South-Tethyan Permian in
the southern Taurus and south of it and the North-Te-
thyan Permian in the Karakaya Complex and north of it
in Turkey.

- After the end of the Upper Permian rifting a broad,
slowly sinking shallow water area without rift grabens
was present during the Scythian,

- Development of a slowly sinking carbonate platform
in the Aegean.

- Breaking up of the Lower Anisian carbonate platform
in the latest Bithynian and Pelsonian, and a little later be-
ginning of the oceanic rifting. Maximum creation of oce-
anic crust during the Ladinian and continuation of the sea-
floor spreading in the Cordevolian. Contemporaneous de-
position of deep-sea sediments (red ribbon radiolarites
with thin intercalations of red deep-sea clays). Like in the
oceanic ribbon chert sequences of Panthalassa in Japan,
conodonts are common on the surface of some shales
(Kozur and Imoto, in press., Kozur and Mock, in prep.).
This indicates a very low input of terrigeneous material
as in the Panthalassa Ocean and consequently, a very low
sedimentation rate that is mainly controlied by the biolo-
gic activity (higher sedimentation rate in the bedded radio-
larites, very low sedimentation rate in the red shales be-
tween the chert beds).

- In connection with the extensional regime lystric
faults were formed in the adjacent continental part that are
in their deeper part connected with greenschist metamor-
phism. This explains, why lower Anisian limestones of
the pre-rift sequence occurring as blocks in the oceanic
Meliaticum sequences are always low-grade metamorphic,
even if the Meliaticum is unmetamorphic.

- Sudden end of the sea-floor spreading at the base of
the middle Carnian due to re-organisation of the plate mo-
vements in the (Western) Tethys.

- Possible first, short-lasting northwards directed sub-
duction in the latest Triassic and earliest Jurassic in the
northern branch of the Meliata-Hallstatt Ocean.

- Middle Jurassic southwards directed subduction of the
Meliata-Hallstatt Ocean (in the meridian of the Gemeri-
cum: southwards directed subduction of the southern
branch of the Meliata-Hallstatt Ocean).

- Latest Middle Jurassic closure of the southern branch
of the Meliata-Hallstatt Ocean in the meridian of the Ge-
mericum. Subduction of the southern part of the intra-
oceanic continental block of the Gemericum. Beginning
of the northward directed nappe thrusting of the South-
Rudabényaicum on the Meliaticum accretionary complex.

- Final closure of the Meliata-Hallstatt Ocean at the end
of the lower Oxfordian. Northwards directed nappe thrus-
ting of the South-Rudabényaicum on the Meliaticum and
of the Meliaticum on the Gemericum. In the more nor-
thern units shear zones were probably created that were

used in later compressional tectonic processes during the
Cretaceous as thrust planes for nappes. Probably also in
this time the southern superticial Permo-Mesozoic or
Mesozoic Inner Western Carpathian nappes (North-Ruda-
bdnyaicum, Silicicum) were detached from their base-
ment, but not yet (significantly) transported.

Rocks of the oceanic Meliaticum sequence can be found
in three tectonic positions: (1) Imbricated thrust sheets
near the suture zone of the Meliaticum. (2) Southwards
thrust Alpine nappes, partly on units south of the Inner
Western Carpathians (e. g. Darné Nappe on Fennsikum
in the Darné-hegy area near Recsk in northern Hungary)
and northwards thrust Cimmerian nappes on the Gemeri-
cum (Radzim Nappe). (3) Blocks in evaporitic melanges
in the Permian evaporitic sequences at the base of higher
nappe units.

In the evaporitic melanges, blocks of the oceanic Me-
liaticum (Jurassic turbidites as well as Middle Triassic
dismembered ophiolites and deep-sea sediments) are tecto-
nically involved in the Upper Permian gypsum-bearing
sequences. Such evaporitic melanges with blocks consis-
ting exclusively of oceanic Meliaticum rocks, are known
at the base of the Sz§l6sardé Nappe and of the Torna
Nappe of the South-Rudabédnyaicum. Weathered rocks are
never involved in these melanges indicating that the
thrust was immediately after the closure of the Meliata-
Hallstatt Ocean or the thrusting began already during the
southwards directed subduction, when already accreted
parts can be overthrust. At the base of nappes of the
North-Rudabdnyaicum and Silicicum as well as at the ba-
se of some Juvavic nappes in the Alps, beside of Meliati-
cum blocks (among them metamorphic basic and ultraba-
sic rocks of the Meliaticum with blue amphiboles), also
blocks of shelf or slope deposits (mostly the pre-rift se-
quence of Scythian sandstones, marly limestones and Lo-
wer Anisian platform carbonates) are present in the Per-
mian evaporitic melanges, among them also yellowish
weathered carbonates. As these carbonates are also weat-
hered in fresh outcrops (e. g. gypsum quarries), a long ti-
me of subaerial weathering is indicated before the south-
wards directed overthrust of the Silicicum. Moreover, the-
se evaporitic melanges contain almost exclusively hard
rocks of the Triassic oceanic se-quence, but only excep-
tional blocks of the Jurassic turbidites. These differences
indicate that the nappes of the South-Rudabdnyaicum
thrust northwards over the Meliaticum just after and part-
ly perhaps already during the formation of the Meliaticum
accretionary complex during the Cimmerian orogeny. The
southwards thrust of the Silica Nappe was considerably
later, in a time, where blueschist metamorphic rocks were
already brought to the surface and parts of the Meliaticum
were covered by nappes of the South-Rudabanyaicum that
were, however, to a large part already eroded. Moreover,
in the time of the southwards thrust of the Silica Nappe,
the Jurassic turbidites were to a large part already weathe-
red and by this the hard blocks of the Triassic oceanic se-
quence (dismembered ophiolites, red radiolarites) within
the Jurassic turbidites were strongly enriched at the over-
thrust surface.
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This explanation of the occurrence of Meliaticum
blocks at the base of the Silica Nappe involves no diffi-
culties in the Western Carpathians, where the Silicicum
is the highest nappe pile, lying in its present position
south of or on the Meliaticum suture zone. However,
evaporitic melanges are also present at the base of the
Hallstatt nappes in the Eastern Alps that are situated
north of the Meliaticum suture zone (wherever it is pla-
ced), and where the northward transport of the Hallstatt
nappes is obvious. The only explanation is, that these
Hallstatt nappes slid intra-Jurassic above remnants of the
Meliata rift or above the suture zone, but subsequently,
during the or immediately after the elevation of the suture
zone area, they slid northward in the northward adjacent
deep-water basin what is proven by field data (Plochinger,
1979, 1984; Tollmann, 1981). In the Cretaceous, they
were northwards transported on the back of the underlying
superficial nappes. According to this explanation, howe-
ver, a part of the Juvavicum must be rooted south of the
Meliaticum. This would explain, why in parts of the Ju-
vavicum thin distal Raibl Beds are present. So far, this
fact was explained by the narrower shelves at the western
end of the Meliata-Hallstatt Ocean.

The roots of the oceanic Meliaticum, its adjacent slo-
pes and shelves in the Western Carpathians has been as-
sumed often in the RoZfiava Line (named by Reichwalder,
1971) south of the Gemericum (e. g. Mahel, 1974,
1986). Consequently, the Gemericum was regarded as the
Paleozoic basement of the Silica Nappe (Mello and Voza-
rovd, 1984).

The suture character of the RoZfava Line was already
recognized by Mahel (1974). Kozur and Mock (1995) na-
med this suture as RoZfava-Sugov Suture Zone because
of the occurrence of large amounts of glaucophane schists
in the Sugov Valley. It strikes E - W, in its western part
NE - SW. The suture character of the RoZiiava-Sugov Su-
ture Zone south of the Gemericum was confirmed by new
stratigraphic data indicating that the Meliaticum south of
the Gemericum represents imbricated thrust sheets of
a Bathonian to Callovian (? lower Oxfordian) accretionary
complex. It was demonstrated that large parts of the map-
ped Scythian rocks of this area are in reality a Bathonian
to Callovian flysch of this accretionary complex consis-
ting of turbidites and olistostromes overlain by a coarse-
ning upwards sequence. The well known oceanic Triassic
rocks of the Meliaticum occur only as blocks or olisto-
liths in this Middle Jurassic flysch or are parts of melan-
ges. As in the Florianikogel Nappe of the Eastern Alps,
the amount of the Triassic rocks is subordinate against
the Jurassic rocks, but in the Inner Western Carpathians
the largest blocks of the oceanic Triassic are by far larger
than those in the Eastern Alps. As the Triassic oceanic
sequence consists predominantly of hard rocks (dismem-
bered ophiolites, radiolarites, cherty limestones), but the
Jurassic oceanic rocks consist predominantly of soft rocks
(turbiditic shales and siltstones), in areas with bad out-
crops often only the Triassic rocks of the Meliaticum can
be found, even if they represent only a few percents of the
amount of the Jurassic rocks.

The blocks of oceanic Triassic to Bajocian consist of
very low grade to low grade metamorphic (HP/LT meta-
morphism) or unmetamorphic dismembered Middle Trias-
sic to Cordevolian ophiolites and of a Middle Triassic to
Bajocian oceanic sedimentary succession. The latter one
consists of Pelsonian and Illyrian red pelagic limestones,
partly with amygdoidal basalts, Ladinian to Cordevolian
red ribbon radiolarites and red deep-sea shales, partly inter-
calated with pillow lavas, Upper Triassic variegated radio-
larites and grey cherty limestones, grey pelagic Liassic li-
mestones and shales, and Aalenian-Bajocian black, silice-
ous manganese shales, black and grey radiolarites. This
situation is also present around the Meliata village, the
Meliaticum type locality (Fig. 3).

Blocks of low-grade metamorphic (greenschist facies)
lower Anisian light-coloured recrystallized shallow-water
limestones and Scythian limestones, marls and shales of
the same metamorphic degree are also present at some
places in the Middle Jurassic accretionary complex. These
rocks represent the pre-rift sequence preserved at the mar-
gins of the ocean.

The view that the Silica Nappe and other Inner Western
Carpathian Mesozoic nappes have been derived from the
Rozfava-Sugov Suture Zone and the northward adjacent
Gemericum could not be confirmed. In the Sugov Valley,
a slope facies of the Meliaticum is exposed that does not
fit in the transition between the Meliaticum and the Sili-
cicum, as does the North-Rudabdnyaicum with rock types
both of the Meliaticum and of the Silicicum and inter-
fingering between them (Kozur, 1991a, b). In the Borka
Nappe (Le$ko and Varga, 1980) of the Sugov Valley,
a sequence of glaucophane schists (originally basic mag-
matics, including pillow lavas, tuffs and basaltic agglo-
merates) and slope limestones with many shallow-water
limestone blocks occur. Mello et al. (1983) assigned this
sequence to the Meliaticum, and they proved a Carnian
age for limestones overlying the glaucophane schists.
The age of the blueschist HP/LT metamorphism was da-
ted by Maluski et al. (1993) as about 160 - 150 Ma (see
also Neubauer, 1994) confirming a largely Middle Juras-
sic subduction of the Meliata-Hallstatt Ocean with a final
closure at the end of the lower Oxfordian, as shown by
Kozur (1991a, b).

This sequence of the Borka Nappe (Fig. 1) is similar to
the low-grade metamorphic Triassic envelope of the Ge-
mericum that occurs in the western part of the Gemeri-
cum (Figs. 1 and 3). This Triassic envelope of the Geme-
ricum has been assigned to the Carboniferous Dubrava
Fm. (Neubauer and Voziarova, 1990), but, as mentioned
above, it contains Paragondolella excelsa (Mosher), a ty-
pical upper Anisian to lower Ladinian conodont species.
This Gemeric Mesozoic envelope begins above continen-
tal Permian with Scythian sericitic phyllites. The cono-
dont-dated Middle Triassic is characterized by light-colou-
red, recrystallized, usually shallow-water limestones with
intercalations of basic metatuffs. This Triassic develop-
ment is unique in the Western Carpathians and Alps. The
presence of a low-grade metamorphic Triassic envelope of
the Gemericum, totally different from any facies of the
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southern and northern shelves of the Meliaticum, exclu-
des that the Gemerides are the Paleozoic basement of the
Silica Nappe or any other nappe originating from the
shelf of the Meliaticum. Moreover, the presence of a tran-
sitional facies from this envelope series to the Meliati-
cum at the southern margin of the Gemerides (Borka Nap-
pe) is an evidence that the unmetamorphic Mesozoic nap-
pes of the Inner Western Carpathians cannot be rooted in
the Roz#ava-Sugov Suture Zone.

Biely and Fusan (1967), Andrusov (1968), Kozur and
Mock (1973a, b and later papers) did not root the Silica to
Cho¢ nappes in the RoZRava-Sugov Suture Zone, but be-
tween the Gemericum and Veporicum. The root zone was
partly named as Gemeric Suture Line (Andrusov, 1968).
However, the Gemeric Suture Line is a junior synonym
of the Margecany-Lubenik Line, along which the Vepori-
cum is underthrust below the Crmelicum. Therefore, the
somewhat southwards adjacent suture zone between the
Gemericum and the Crmelicum as root zone of the nor-
thern branch of the Meliaticum and of the Upper Slovako-
carpathian nappes was named as the Folkmar Suture Zone
by Kozur and Mock (1995).

Along the Folkmar Suture Zone, there are very large
bodies of Middle Triassic dismembered ophiolites of the
Meliaticum (e. g. ultrabasites of the former asbestos quar-
ry at Dobsina and ultrabasites and pillow lavas in the vi-
cinity of Jaklovce). Ladinian red ribbon radiolarites and
red shales interfingering with pillow lavas, as well as
Anisian red pelagic limestones are known from Jaklovce
(Kozur and Mock, 1985). Recent investigations have
shown that these rocks of the Meliaticum are present also
in several other places along the Folkmar Suture Zone,
particularly in an old basalt quarry | km west of KoSické
Hamre and its surroundings, near Folkmar, and in the sur-
roundings of Dob3ind. Moreover, also other rocks of the
Meliaticum oceanic sequence occur, such as Upper Trias-
sic cherty limestones and above all Middle Jurassic deep-
sea sediments (greenish and black, partly marly shales, li-
mestone breccias with belemnites). Low-grade metamor-
phic crystalline limestones (lower Anisian ?) of the pre-
rift sequence are also present. They are well exposed in an
old quarry at Jaklovce, where they are overlain by reddish
to violet pelagic limestones and basalts. As in the Melia-
ta type locality, the pelagic limestones fill numerous lar-
ge fissures in the underlying crystalline limestone.

The dismembered ophiolites and the sedimentary ocea-
nic rocks along the Folkmar Suture Zone were originally
assigned to the lowermost Triassic (e. g. Andrusov,
1968), subsequently the ultrabasites and pillow lavas we-
re regarded as Mesozoic (?Triassic, ?Jurassic) of unknown
tectonic position (Bajanik et al., 1984), and only Mock
recognized that these rocks are dismembered Ladinian to
Cordevolian ophiolites of the Meliaticum (see Kozur and
Mock, 1988, 1995). The Middle Jurassic rocks were
mostly mapped as Scythian Werfen Beds, partly also as
continental Permian (Bajanik et al., 1984), especially in
the area around Dobsin4 and between Jaklovce and Kogic-
ké Hamre (most of the Meliaticum along the Folkmar
Suture Zone, see Fig. 1).

Beside the typical oceanic Meliata development, an in-
teresting slope facies is present that consists of bedded to
massive shallow-water and pelagic limestones with inter-
calations of basic tuffs, basalts and basaltic agglomerates,
overlain by thick basalts (Fig. 2, northern slope facies of
the Gemericum). This sequence is especially well exposed
in the above mentioned old basalt quarry, 1 km west of
Kogické Hamre. In the same outcrop and in its surroun-
dings, rocks of the oceanic sequence are also present (e. g.
Middle Triassic ultrabasites and pillow lavas, Ladinian red
radiolarites, Aalenian to Bajocian black manganese sha-
les, Middle Jurassic greenish grey, partly siliceous sha-
les). The above mentioned slope sequence c¢an be found
also about 150 m W of the above mentioned old quarry at
Jaklovce.

The above slope facies is transitional between the ocea-
nic Meliaticum and the Triassic envelope of the Gemeri-
cum (Fig. 2). Tt is similar to the slope facies at the sou-
thern margin of the Gemericum (Bdrka Nappe), but un-
metamorphic, anchimetamorphic or altered to greenschist
facies.

The presence of a special slope facies at both the sou-
thern and northern margins of the Gemericum (transitio-
nal facies between the Triassic envelope of the Gemeri-
cum and the oceanic Meliaticum) and the presence of oce-
anic Meliaticum both south and north of the Gemericum
indicate that the Gemericum was a block with continental
crust within the oceanic Meliaticum (Figs. 3, 4). In its
present position, the Gemericum is bordered by two Ju-
rassic suture zones, the Folkmar Suture Zone in the north
and the Roziava-Sugov Suture Zone in the south (Kozur
and Mock, 1995). West and east of the Gemericum, these
suture zones merge into a single suture zone, the RoZna-
va-Folkmar Suture Zone (Kozur and Mock, 1995).

The two branches of the Meliata-Hallstatt Ocean, pre-
sent in the meridian of the Gemericum, show some diffe-
rences in their Jurassic successions. The Bathonian and
Callovian rocks of the southern branch consist of distal,
usually greenish-grey turbidites, which are overlain by
a latest Callovian (? to lower Oxfordian) coarsening up-
wards sequence, and underlain by black manganese shales
of Aalenian-Bajocian age. The matrix of these Jurassic
rocks is carbonate-free, and radiolarites or silicified turbi-
dites are common, Deposition below the CCD is indica-
ted. In the Folkmar Suture Zone, black and greenish-grey
Middle Jurassic deep-water shales are common, but turbi-
dites and cherts in the Bathonian (Callovian rocks were
not yet found) are very rare. The shales are sometimes
carbonatic, and limestone breccias with belemnites are al-
so present. Consequently, in certain levels deposition
above the CCD is indicated.

The subduction history of both branches is also diffe-
rent. As already pointed out by Kozur and Mock (1988).
the subduction of the Meliata-Hallstatt Ocean began in
the latest Triassic, indicated by first turbidites in the up-
per Norian, Rhaetian and basal Liassic. The majority of
turbidites is, however, of Bathonian and Callovian age. In
the meridian of the Gemericum, Bathonian-Callovian tur-
bidite-olistostrome complexes are only known from the



182 Mineralia Slovaca, 29 (1997)

southern branch of the Meliaticum. A southwards directed
subduction is indicated by the presence of olistoliths of
Middle Jurassic sandstones and acidic volcanics in the
Middle Jurassic of the southern slope deposits of the enti-
re Meliaticum (Kozur, 1991a, b). The Middle Jurassic of
the northern slope and outer shelf is a deep water develop-
ment from a passive margin sequence without turbidite-
olistostrome units.

According a pers. comm. of Dr. R. Aubrecht, Bratisla-
va, in late Rhaetian Zlambach Marls and in basal Liassic
clastic deposits of the Silica Nappe near Bohinovo, Slo-
vakian Karst, dominating glaucophane-like blue amphi-
boles were found in the heavy mineral associations. Ho-
wever, repeating of the sampling in the same level (but
not necessarily in the same beds) has not brought these
blue amphiboles and therefore, for the moment, contami-
nation cannot be excluded. If further sampling will con-
firm the presence of blue amphiboles near the Rhaetian-
Liassic boundary in the Silica Nappe, a latest Triassic
northwards directed aborted subduction in the northern
branch of the Meliaticum would be indicated. A deriva-
tion of the blue amphiboles from the Gemericum is not
possible, because the Gemericum s. str. was separated by
the northern branch of the Meliata-Hallstatt Ocean from
the sedimentation area of the Silica Nappe, and in the Cr-
melicum no HP/LT metamorphism is known. Moreover,
the blue amphiboles of the Gemericum are mineralogical-
ly different (Dr. R. Aubrecht, pers. comm.). The clastic
sediments disappear above the basal Liassic. The presence
of clastic upper Rhaetian and lowermost Liassic beds in
southern parts of the Silicicum speaks in favour of an
aborted northwards directed subduction in the uppermost
Triassic and lowermost Jurassic, even, if the mentioned
blue amphiboles in the heavy mineral spectrum of these
clastic sediments were a contamination and do not belong
to these beds. Until the end of the Bathonian no further
signs for subduction can be found in the northern branch
of the Meliaticum. Younger sediments have not been
found in the northern branch and no dated coarsening up-
wards sequence has been recognized up to now in the Me-
liaticum of the northern branch. The exact time of the fi-
nal closure of the northern branch of the Meliaticum is
therefore unknown. However, it must be younger than
Bathonian and older than or as old as the uplift of the Si-
licicum in the middle Oxfordian. Thus, the final closure
of the northern branch of the Meliaticum in the meridian
of the Gemericum seemingly coincides with the final clo-
sure of the entire Meliata-Hallstatt Ocean in the middle
Oxfordian.

The melange character of the Folkmar Suture Zone is
obvious. Rocks of the Crmelicum, especially Permian
and Lower Triassic sandstones, siltstones, shales, conglo-
merates, and rocks of the Meliaticum are involved in the-
se melanges. This can be, for instance, observed south of
Jaklovce in an area, where Bajanik et al. (1984) mapped
Permian of the “Krompachy Unit”. In this area, the “co-
ntinental Permian” consists of numerous slices of Middle
Triassic ultrabasites and less abundant deep water sedi-
ments of the Meliaticum that are juxtaposed with slices

of Lower Triassic violet and grey sandstones and siltsto-
nes of the Crmelicum that we have dated by Neoschizo-
dus laevigatus (von Ziethen) and Unionites sp. We have
not found slices of Permian rocks in this area, but they
may be present as well. The juxtaposition of slices of
oceanic Meliaticum with slices of the slope facies bet-
ween the Meliaticum and the Gemericum Triassic cover
also indicates the melange character. In the Roziiava-Su-
gov Suture Zone the oceanic Meliaticum and the slope fa-
cies between the Meliaticum and the Gemericum Triassic
cover are spatially separated.

The melange character with juxtaposition of blocks of
Meliaticum and Crmelicum indicates horizontal move-
ments along the Folkmar Suture Zone. However, this
does not mean that the Gemericum was later squeezed in-
to the Meliaticum, because slope deposits (with shallow
water limestone blocks, basic volcanics and agglomera-
tes), which are transitional between the Gemericum Trias-
sic envelope and the oceanic Meliaticum, are present both
at the southern and northern margins of the Gemericum.
These slope deposits are totally different from the slope
deposits of the North-Rudabédnyaicum and South-Rudaba-
nyaicum, with transitional facies to the adjacent foreland
shelves. In the RoZfiava-Sugov Suture Zone the slope se-
diments are always altered in blueschist facies. The same
is the case in the Radzim Nappe (see below), a nappe on
the Gemericum that originated from the RoZfiava-Sugov
Suture Zone. In the Folkmar Suture Zone, these slope de-
posits and basic volcanics are either unaltered or very low
grade metamorphic. For this reason, the slope sequence of
the Folkmar Suture Zone cannot be derived from the
southern margin of the Gemerides by nappe transport, but
only from the northern margin of the Gemerides that
must be in this case also adjacent to a branch of the Me-
liata-Hallstatt Ocean, as the southern margin. Finally, if
the RoZzfiava-Sugov Suture Zone was in the meridian of
the Gemericum the only suture zone of the Meliaticum,
then the Gemericum must be a part of the northern slope
and shelf of the Meliaticum and the substratum of the
Upper Permian to Jurassic North-Rudabanyaicum and Si-
licicum. However, the Gemericum has a low-grade meta-
morphic Triassic cover series that occurs in the western
part of the Gemericum (see Figs. | and 2). This Upper
Permian and Triassic sequence is totally different from the
northern slope and outer shelf deposits of the North-Ruda-
banyaicum and Silicicum.

The Middle Triassic of the Borka Nappe (Lesko and
Varga, 1980) contains a sequence of glaucophane schists
(originally basic magmatics, including pillow lavas, tuffs
and basaltic agglomerates), slope limestones and many
shallow-water limestone blocks. Mello et al. (1983) as-
signed this sequence to the Meliaticum (it is rather a typi-
cal slope sequence between the southern branch of the
Meliata-Hallstatt Ocean and the Triassic shallow shelf of
the Gemericum) and they proved a Carnian age for limes-
tones overlying the glaucophane schists. The age of the
blueschist HP/LT metamorphism was dated by Maluski
et al. (1993) as about 160 - 150 Ma (see also Neubauer,
1994) confirming a largely Middle Jurassic subduction of
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Fig. 3. Meliata type section after Kozur et al. (1996). Indicated sample numbers yielded rich Middle Jurassic radiolarian faunas described by Ko-
zur et al. (1996). 1 - Greenish-grey distal turbidites (shales, siltstones with few radiolarite intercalations) of Bathonian to Callovian age, 2 - Proxi-
mal turbidites (shales, siltstones, sandstones, conglomerates) of Late Callovian to Early Oxfordian age, 3 - Olistoliths of pelagic dark Liassic lime-
stones within the Bathonian-Callovian turbidites, 4 - Conglomeratic bodies within the proximal turbidites, 5 - Larger radiolarite intercalation at the
boundary between the distal and proximal turbidites, 6 - Nearly matrix-free olistostrome of Carnian dark, cherty limestone olistoliths, 7 - Light-
grey Late Norian limestone olistoliths within the Bathonian-Callovian turbidites, 8 - Red ribbon radiolarites of Ladinian age, 9 - Pelagic Pelsonian
reddish limestones that penetrate in numerous fissure fillings in the underlying platform carbonates, 10 - White, recrystallized Early Anisian shal-

low-water limestones of the pre-rift sequence.

the Meliata-Hallstatt Ocean with a final closure in the
middle Oxfordian as shown by Kozur (1991a, b). These
slope deposits are totally different from the slope deposits
of the North-Rudabanyaicum and South-Rudabanyaicum,
with transitional facies between the Meliaticum and the
adjacent foreland shelves.

During the blueschist metamorphism, the southern
branch of the Meliata-Hallstatt Ocean in the meridian of
the Gemericum was definitely closed, because the blue-
schists of Sugov Valley were derived from the northern
slope of the southern branch of the Meliaticum at the
southern margin of the Gemericum. Consequently, the
Gemeric continental block had already collided with, and
was partly underthrust beneath the continental crust south
of the Meliaticum. In agreement with the southward di-
rected subduction, the underthrusting of the continental
block of the Gemericum was southward directed. This is
clearly indicated by the metamorphism, which is blue-
schist metamorphism for the Triassic slope facies at the
southern margin of the Gemericum (Borka Nappe of Su-
gov Valley), but maximally greenschist metamorphism
(often anichimetamorphic or unmetamorphic rocks occur
) for the Triassic slope facies at the northern margin of
the Gemericum (Folkmar Suture Zone).

In this connection the Radzim Nappe (introduced here-
in) is very interesting. It is located upon the northwestern
part of the Gemericum (Fig. 1, R), only about 5 km
SSW of the Folkmar Suture Zone at Dobsina. The sequ-
ence corresponds to that of the Bdérka Nappe at the sou-
thern margin of the Gemericum and displays the same
blueschist metamorphism as that nappe. The sequence be-
gins with phyllitic slates and sandstones of Early Triassic

age, overlain by Werfen Limestones. The Middle Triassic
sequence consists of light-coloured limestones with some
intercalations of grey limestones, diabase metatuffs and
metabasalts. The basic volcanics are altered to glaucopha-
ne schists. The volcanics are dated as Middle Triassic by
conodonts from intercalated limestones. This sequence is
overlain by Upper Triassic dark platy limestones. It is
tectonically overlain by a small, unmetamorphic remnant
of the Silica Nappe consisting of Olenekian marly lime-
stones, followed by Anisian Gutenstein Limestone,
Steinalm Limestone (with intercalations of Schreyeralm
Limestone) and Ladinian Wetterstein Limestone. The ex-
ceptional presence of HP/L'T metamorphic rocks of the
Meliaticum in such a northern position indicates a tecto-
nic transport from the south. The northwards thrust of the
Radzim Nappe was connecled to the final closure of the
Meliata-Hallstatt ocean during the middle Oxfordian. As
the southern branch of the Meliata-Hallstatt Ocean in the
meridian of the Gemericum was closed earlier (Callo-
vian), the blueschists of the southern slope of the Geme-
ricum may be already at the surface during the middle Ox-
fordian. The southwards directed thrust of the Silica Nap-
pe on the Radzim Nappe was considerably later, during
the Upper Cretaceous.

Gemericum

As mentioned above, the Gemericum is bordered by
two Jurassic suture zones, the Folkmar Suture Zone in
the north and the RoZilava-Sugov Suture Zone in the
south (Fig. 1) that merge in the west (NW of Ratkova,
south of Ploské) into one united suture zone, the RoZia-
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va-Folkmar Suture Zone. Close to the southeastern cor-
ner of the Gemericum, the Folkmar Suture Zone and the
Rozfiava-Sugov Suture Zone also strongly converges, but
their assumed branching area a little SW of Kogice is co-
vered by younger sediments and partly by higher nappes.
Nevertheless, also east of KoSice the Gemericum is no
longer present and only one suture zone of the Meliati-
cum (Roznava-Folkmar Suture Zone) is present. As the
Gemericum is completely surrounded by suture zones
with the oceanic Middle Triassic to Middle Jurassic sequ-
ence of the Meliaticum, it is regarded as an intra-oceanic
continental block (see above, under Meliaticum).

For a long time, the Gemericum was regarded as an
anticlinal structure of low-grade metamorphic Paleozoic
rocks with Cambro-Ordovician beds in the core and De-
vonian to Carboniferous beds at the flanks. The rocks
were assigned to the Gelnica and Rakovec series (or
groups). Medium to high-grade metamorphic rocks in
the southeastern Gemericum were assigned to the Klatov
Unit. The Crmelicum was regarded as a part of the Ge-
mericum, but it is separated by oceanic Meliaticum from
the Gemericum (see above). For a detailed historical re-
view of the lithostratigraphical subdivision see Grecula
(1982).

Grecula (1965, 1971, 1973) and Grecula and Varga
(1979) recognized the internal nappe structure of the Ge-
mericum. Grecula and Varga (1979) separated a northern
Rakovec Nappe and a southern Gelnica Nappe (the Gelni-
ca town, however, lies in the northern Gemerides). A to-
tally new lithostratigraphic subdivision, and on this ba-
sis, a new tectonic interpretation was given by Grecula
(1982). He recognized several basement nappes and slices
and regarded them as Hercynian nappes. The Crmel Nap-
pe, which was assigned also to the Gemericum, we consi-
der as part of the Crmelicum. Because it is separated from
the Gemericum by slices of oceanic Triassic-Jurassic Me-
liaticum, this nappe is surely a post-Hercynian nappe.
The basement nappes of the Gemericum s.str. are not se-
parated by Permian and younger rocks and partly covered
by a Triassic envelope unit. Therefore, we agree with
Grecula (1982) that these nappes or slices are Hercynian
structures with Alpine rejuvenation.

The age of the Lower Paleozoic sequences of the Geme-
ricum is not well known. Only palynological data (Plan-
derova and Snopkova, 1979 in Grecula, 1982; Snopkova
and Snopko, 1979) are available from the Gemericum and
they are in agreement with former age assignments of the
lithostratigraphic units according to the anticlinal model.
However, this does not prove the anticlinal model, but
rather indicates that the palynomorphs are so badly preser-
ved that the former age assignment influenced the deter-
mination of the palynoflora. This can be observed also in
the metamorphic Meliaticum, in which Jurassic rocks,
now well dated by radiolarians, were assigned to the De-
vonian, Permian or Triassic, always in agreement with
former age assignments of these rocks. As also the so far
known radiometric data are inconsistent, the consistent
lithostratigraphic subdivision of the Lower Paleozoic of
the Gemericum by Grecula (1982) was a very important

step towards the better understanding of the complicated
tectonical structure of the Gemericum.

Three formations were discriminated by Grecula (1982),
the Betliar Fm., the Smolnik Fm. and the Hlinec Fm.
The Betliar Fm. consists of black, rarely greyish-green,
laminated, graphitic-sericitic phyllites with intercalations
of fine-grained metapsammites. In the upper Betliar For-
mation, a consistent lydite horizon with some acidic to
intermediate volcaniclastics and a locally developed lime-
stone horizon with some basic volcaniclastics are present.
Palynological data (Planderovd and Snopkovd, 1979 in
Grecula, 1982; Snopko and Snopkovd, 1979) indicate a
Late Silurian to Early Devonian age for the upper Betliar
Fm. First dissolvings of lydites for conodonts yielded on-
ly badly preserved Muellerisphaerida of Late Silurian age.

The Smolnik Fm. consists mainly of greenish, rarely
violet phyllites with intercalations of greenish or grey
metapsammites as well as basic and acidic volcanics and
volcaniclastics. The age of this formation is unknown.
Grecula (1982) assumed Early to Middle Devonian age on
the base of stratigraphic superposition on the Betliar Fm.

The Hnilec Fm. consists mainly of acidic and interme-
diate volcanics and volcaniclastics (e. g. Gelnica Porphy-
roid Complex), basic volcanics (e. g. Rakovec Diabase
Complex, Klatov amphibolites) and black phyllites and
metapsammites. The age of this formation is unknown.
According to Grecula (1982), it is Late Devonian to earliest
Carboniferous, but radiometric data (Semenenko et al.,
1977) are dispersed between 430 Ma and 350 Ma (Upper
Silurian to lowermost Carboniferous). May be that diffe-
rent units are united into this formation. As in Europe
porphyroids are mainly of Ordovician age, such an age is
assumed or not excluded by some authors (e.g. Fusédn et
al., 1955; Andrusov, 1964). Sequences, rich in diabases,
but without lydites and limestones in the accompanying
shales (phyllites) have in the Eastern Alps often an Ordo-
vician age as already stated by Andrusov (1953) who as-
signed in that time the Rakovec Diabase Complex to the
Ordovician. The majority of the authors assigned this
complex to the Devonian (e. g. Fusan et al., 1955; And-
rusov, 1965; Grecula, 1982) or to the Lower Carbonife-
rous (Fusan et al., 1953), but none of the assumed ages is
fossil proven or confirmed by consistent radiometric data.

Especially characteristic are the black lydites and black
shales of the upper Betliar Formation that occur in the sa-
me lithostratigraphic succession with under- and overly-
ing beds in different nappes or slices. By this, the imbri-
cated structure of the Gemericum can be well demonstra-
ted (Grecula, 1982). He distinguished within the herein
used Gemericum s. str. the Rakovec, KojSov and MniSek
nappes (northern nappe group, former Rakovec Nappe of
Grecula and Varga, 1979) and the Prakovce, Humel, Me-
dzev and Jedlovec nappes (southern nappe group, former
Gelnica Nappe of Grecula and Varga, 1979). According to
Grecula (1982), these Hercynian nappes are fold nappes
with a low distance transport; they may be partly tectonic
slices, but this is a matter of convention.

Surprisingly, in the map by Bajanik et al. (1984) again
the old hypothesis of a single anticlinal structure for the
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Gemericum was applied. Based on this assumption, the
identical lithostratigraphic horizon of the black lydites
(upper Betliar Formation) was assigned to the Lower-
Middle Silurian in the assumed core of the anticline, but
on the assumed flanks of the anticline, the same beds ha-
ve been assigned to the Upper Silurian and more “outsi-
de” to the Lower Devonian, The different age assignments
for the same lithostratigraphic unit in Bajanik et al.
(1984) is not supported by any geological data and also
not by reliable biostratigraphic or radiomatric data.

As demonstrated by Grecula (1982), the Rakovec Nap-
pe in the northern marginal part of the Gemericum is
a remnant of a Hercynian oceanic belt with MORB ba-
salts and an incomplete ophiolitic sequence. The KojSov
and MniSek nappes have according to Grecula (1982) an
oceanic island type of volcanism and the other nappes de-
rived from an area with thinned continental crust.

The Gemericum has a Triassic envelope consisting of
low grade metamorphic Lower Triassic sericitic phyllites,
chlorite slates, marly limestones and above all of light-
coloured crystalline Middle Triassic limestones with lay-
ers of diabase tuffs (Fig. 2). These beds have been up to
now regarded as Carboniferous Dubrava Beds, but a cono-
dont fauna with Paragondolella excelsa (Mosher) indicates
a Middle Triassic age.

The contemporaneous occurrence of middle Anisian to
Cordevolian ophiolites in the Meliaticum, of basaltic ag-
glomerates and basalts at the northern and southern slopes
of the Gemericum, and of basaltic tuffs in the Gemeric
Triassic envelope series indicate that a tensional regime
prevailed in the Gemericum during the Middle Triassic to
Cordevolian sea-floor spreading in the two branches of
the Meliaticum to the north and to the south of the Ge-
mericum. The presence of transitional facies between the
Triassic Gemeric envelope series and the Meliaticum at
both the northern and southern margin of the Gemericum
(Figs. 2), and the large amounts of basalts and basaltic
agglomerates in this facies confirms the view that the Ge-
mericum was in the Triassic and Jurassic a continental
block within the Meliata-Hallstatt Ocean (see under Me-
liaticum and Figs. 4, 5).

4. Late Permian and Early Mesozoic development
of the Central and Inner Western Carpathians
(Figs. 4,5)

After the Hercynian orogeny, the entire area of the
Western Carpathians was during the Lower Permian
a subaerial denudation area or continental sedimentation
area. The later Tatricum was a denudation area, whereas in
the later Veporicum and in the Inner Western Carpathians
partly thick Lower Permian continental sequences were
deposited. Permian volcanism occurred mainly in areas
with greater thickness of sediments, as in the extra-Te-
thyan Hercynian intramontane basins, apparently related
to Hercynian fault zones. Melaphyres occur only in areas
with thick Lower Permian deposits (e. g. Cho¢ Nappe).
The Late Permian age of the Cho¢ Nappe melaphyres
could not be confirmed. The sediments above the mela-

phyres yielded Middle Permian sporomorphs, but these
sediments overlie the melaphyre-bearing sequences after a
gap. Therefore the melaphyres can be assigned to the Lo-
wer Permian as in other Middle European molasse basins.

In the Late Permian, the continental rifting began in
the area of the later Meliaticum and its outer shelves
(South-Rudabédnyaicum, North-Rudabdnyaicum, Silici-
cum). Hypersaline marine deposits, in the Western Car-
pathians mainly without halite, but rich in gypsum, were
deposited. First basic volcanics are present. North of this
area, the Upper Permian is characterized by subaerial de-
nudation, but few terrestrial Permian sediments (undated
red conglomerates and sandstones below Lower Triassic
rocks) may be also present. Also south of the Upper Per-
mian hypersaline rift basin a continental area (with Per-
mian continental Red Beds) is present (Brusnik Nappe of
the South-Rudabanyaicum). On highs within the rift ba-
sin, the hypersaline marine Upper Permian is also mis-
sing or replaced by continental Red Beds (Gemericum and
Meliaticum slope facies at the southern and northern mar-
gin of the Gemericum).

The Scythian paleogeography follows the Late Permian
one, but the marine transgression prograded toward the
north. The basin axis was in the area of the later Mcliata-
Hallstatt Ocean, but also there only shallow-water depo-
sits occur; however, lower Scythian limestones and marls
are present (Kozur and Mock, in prep.). In the South-Ru-
dabédnyaicum, North-Rudabdnyaicum and Silicicum, lo-
wer Scythian marine sandstones and siltstones with few
limestone intercalations are present. The upper Scythian
(upper Olenekian) sediments consist of limestones and
marls. Toward the north, in the Hronicum and in the Cr-
mel Nappe, the continental Permian is overlain by thin
continental Buntsandstein, followed by shallow-marine
sandstones and siltstones of early Scythian age. The up-
per Scythian sediments are represented by limestones,
marls and shales. The marine transgression in the Scy-
thian of the Inner and Central Western Carpathians was
latest in the Tatricum, where shale intercalations of the
Scythian basal conglomerates yielded middle Scythian
(lower Olenekian) sporomorphs (Fuglewicz, 1979). Only
the upper Scythian of the Tatricum is marine, but sand-
stones and siltstones are present in contrast to the limey-
marly facies in the southern units.

In the lower Anisian the entire area of the Inner and
Central Western Carpathians formed an uniformly sin-
king carbonate platform, on which thick limestones and
dolomites were deposited that are free of any terrigenous
clastic input. In some shallow restricted intraplatform ba-
sins both in the Inner and Central West Carpathians,
black “Gutenstein Limestone” was deposited.

During the upper part of lower Anisian (upper Bithy-
nian) and in the lower Pelsonian, rifting began at first in
the South-Rudabanyaicum or at the boundary between
this later southern slope unit and the Meliaticum. There
began a fast, but continuous subsidence and radiolarian
mudstones, siltstones and grey pelagic marly limestones
and dolomitic marls were deposited. There was not yet an
open connection to the world ocean because these beds
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have a restricted basin fauna and they are often dysaerobic,
sometimes euxinic. First Triassic volcanics are known
from that time interval. Contemporaneously, the crustal
mobility became higher in the area south of the later Me-
liata-Hallstatt Ocean. There, block faulting connected
with acidic, intermediate and basic volcanism occurred.
This distinctly higher crustal mobility is indicated by in-
put of terrigenous, silty-shaly, especially in the South-
Rudabanyaicum of the Alps also sandy material and clasts
of acidic, intermediate and basic volcanics as well as by
the sedimentation of tuffitic material.

Sea-floor spreading in the Meliaticum began during the
Pelsonian. Very rapid subsidence and a strongly extensio-
nal regime is indicated by reddish pelagic limestones ab-
ruptly overlying the shallow-water limestones, and by
numerous fissures in the shallow-water limestones that
are filled by that reddish pelagic limestones. First pillow
lavas and ultrabasites are known from that time interval
(Kozur and Mock, 1988; Kozur and Mostler, 1992). On
the northern slope of the Meliaticum, a similar rapid sub-
sidence began, but volcanics are missing. On the sou-
thern slope, the pelagic sedimentation with some volca-
nism continued. On the northern shelf of the Meliata-
Hallstatt Ocean, platform sedimentation continued, but
some intraplatform basins opened. In the entire Central
Western Carpathians deposition on a carbonate platform
continued. Few shallow intraplatform basins are present.
In the Illyrian, the Pelsonian conditions continued.

During the Ladinian (Fig. 4), the rate of the sea-floor
spreading reached its maximum. Most of the pillow lava-
chert successions of the Meliaticum have a Ladinian age.
In the intraoceanic continental block of the Gemericum,
the entire Middle Triassic is characterized by shallow-wa-
ter, light-coloured limestones with some layers of basic
tuffs. Toward the Meliaticum, both on the southern and
northern slope of the Gemericum, this succession chan-
ged into pelagic slope limestone with shallow-water
blocks and increasing amounts of basaltic tuffs, agglome-
rates and basalts. In the contrast, on the slopes of the
northern and southern shelves of the Meliaticum, conti-
nuous pelagic conditions, at the southern slope with so-
me volcanic activities, on the northern slope without vol-
canic activities prevailed, and the red radiolarite facies of
the Meliaticum interfingers in a certain interval (upper
part of lower Ladinian to Cordevolian) with cherty lime-
stones. On the northern shelf, the carbonate platform
with some intraplatform basins continued. On the outer
shelf (Silicicum), there is a tendency for a shallowing
within the Upper Ladinian and Cordevolian. Some of the
intraplatform basins are overlain by shallow-water Wet-
terstein Limestones. In contrast, on the inner shelf (Hro-
nicum) shallow-water carbonates are more and more repla-
ced during the Upper Ladinian by pelagic Reifling Limes-
tone from rather wide and open intraplatform basins.
Such pelagic deposits can be also found on the adjacent
part of the Veporicum, whereas in the other areas of the
Central Western Carpathians the sedimentation of plat-
form carbonates continued. The described general situa-
tion of the Ladinian continued in the Cordevolian.

A very distinct change occurred in the middle Carnian
(Raibl event). In the Meliaticum, the sea-floor spreading
ended (no basic magmatics younger than Cordevolian
are known), and variegated cherts or cherty limestone
overlie the oceanic crust or red radiolarites of Ladinian
to Cordevolian age. Middle Carnian distal clastic Raibl
Beds (marls, shales, siltstones) reached from the south
until the southern slope of the Meliaticum, but the pe-
lagic sedimentation was not interrupted. On the northern
slope, the pelagic sedimentation and on the outer shelf
(Silicicum), the carbonate platform sedimentation wit-
hout any clastic influx continued. However, the inner
shelf (Hronicum) was affected by clastic input (Lunz
Beds) from the north. In the Murédnicum thin distal
Lunz Beds (marls, shales, siltstones) are present. Clastic
Lunz beds are also present in the entire Central Western
Carpathians, but in the South Penninicum and on its
margins, Upper Triassic is absent due to a strong ear-
liest Liassic uplift with strong subaerial denudation. At
least parts of this area may belong to an Upper Triassic
denudation area.

In the upper Carnian and Norian, the deep pelagic sedi-
mentation continued in the Meliaticum and its slopes. On
the northern outer shelf (Silicicum) a distinct subsidence
can be observed caused by crustal cooling after the end of
the sea-floor spreading in the Meliata-Hallstatt Ocean.
This subsidence was probably also present on the slopes,
and on the southern outer shelf, but within the continu-
ous pelagic sedimentation of these units this subsidence
is not recognizable. In the contrast, the inner shelf (Hro-
nicum) is characterized by low subsidence, following a
slight uplift or stagnation of subsidence, and dolomites
were deposited. In the southern Veporicum, the same de-
positional history can be observed. In the remainder of the
Central Western Carpathians, the upper Carnian and No-
rian is characterized by very low subsidence or slight
uplift. In the South Penninicum and the adjacent nort-
hernmost Veporicum as well as in the southernmost units
of the Tatricum, pre-Rhaetian Upper Triassic is missing
and at least in parts of these areas subaerial denudation du-
ring this time interval can be assumed that removed partly
all Triassic rocks. Toward the south (northern Veporicum)
and toward the north (Fatricum, Tatricum) continental-
lagoonal Carpathian Keuper was deposited.

In the Rhaetian distinct changes in the tectonofacies
can be observed. Tectonic unrest, connected with the be-
ginning of an assumed aborted northward-directed subduc-
tion in the northern branch of the Meliata-Hallstatt Ocean
(and outside the meridian of the Gemericum at the nor-
thern margin of the Meliata-Hallstatt Ocean) lead to incre-
asing input of terrigenous material, and the starved sedi-
mentation of the Hallstatt Limestone on the northern slo-
pe and outer shelf was replaced by Zlambach Marls. From
the Hronicum in the south to the KriZzna Nappe in the
north, the Rhaetian is characterized by a transgression, in-
dicated by the deposition of Kossen beds above Hauptdo-
lomit or a thin Dachstein Limestone intercalation, above
continental-lagoonal Carpathian Keuper or after a gap
caused by subaerial denudation. Only in the Tatricum the
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Fig. 4. Schematic cross section from the South Rudabdnyaicum (southern slope and outer shelf of the Meliata Ocean) to the southern part of the
Pieniny Klippen Belt in the meridian of the Gemericum during the Ladinian. Not at scale. Continental blocks strongly exaggerated. Sea-floor spre-
ading in the southern and northern branches of the Meliata Ocean. Basic volcanism on the slopes of the Gemericum and to a lesser degree in the
envelope series of the Gemericum. South Penninic Ocean not yet present. Pieniny Klippen Belt was a deep water belt with connections to the east.

Rhaetian is mainly continental or a continental denuda-
tion area was present. The Tatricum (with exception of
its southernmost units) was neither reached by the Rhae-
tian transgression from the south nor by marine Rhaetian
from the north (Pieniny Klippen Belt).

In the basal Liassic, the assumed aborted subduction in
the northern branch of the Meliata-Hallstatt Ocean conti-
nued and clastic beds were furthermore deposited in the
southern parts of the Silica Nappe. Above this basal hori-
zon, the Liassic is transgressive and the water depth beco-
me successively greater. The northern margin of the Me-
liata-Hallstatt Ocean changed into a passive margin (or re-
mained a passive margin, if the assumed aborted north-
wards directed subduction was not present). In the Cho¢
Nappe the Liassic is transgressive, and crinoid-bearing
cherty limestones above Lower Liassic crinoid limestones
indicate successive subsidence. In the northern Veporicum
a very short uplift at the base of the Jurassic removed in
many places the marine Rhaetian. This uplift is followed
by a transgression. In the northernmost Veporicum and
adjacent marginal parts of the South Penninicum the
uplift at the base of the Jurassic was very pronounced and
not only the Rhaetian, but also the Carnian and Norian
sediments (if deposited) were removed, before the Liassic
transgression began with coarse breccias. This short, but
very pronounced uplift preceded seemingly the beginning
of the oceanic Jurassic rifting in the South Penninicum.
The Liassic of the Fatricum and Tatricum is transgressi-
ve, but in parts of the Tatricum the entire Liassic remains
clastic, and in parts of the northern Tatricum the trans-
gression began only in the Dogger. As in the northern-
most Veporicum, in the southernmost Tatricum a distinct
uplift was present in the earliest Liassic that caused

strong subaerial denudation. By this, the Upper Triassic
sediments (if deposited) were removed and partly all Trias-
sic deposits were eroded before the beginning of the Lias-
sic transgression. This strong uplift on both sides of the
later South Penninic Ocean immediately before the begin-
ning of the rifting in this ocean indicates that this rifting
began in the axial zone of an uplift. The upper Liassic of
the Fatricum is already pelagic.

The Dogger is characterized by a southward directed
subduction of the Meliaticum in the Bathonian and Callo-
vian and by oceanic sea-floor spreading in the South Pen-
ninicum (Fig. 5). The adjacent areas are strongly influen-
ced by these events. The Bathonian and Callovian sequen-
ces at the southern margin of the Meliata-Hallstatt Ocean
(or of its southern branch in the meridian of the Gemeri-
cum) are characterized by turbidites and olistostromes.
Turbidites and olistostromes with large sandstone olisto-
liths and acidic volcanics (partly olistoliths) are present
also on the adjacent southern slope of the Meliata-Hall-
statt Ocean, indicating the presence of a volcanic island
arc. The northern slope and outer shelf of the northern
branch of the Meliata-Hallstatt Ocean is characterized by
pelagic sedimentation and continuous subsidence at a pas-
sive margin. Bathonian and Callovian are there often re-
presented by radiolarites.

The Dogger of the South Penninicum is characterized
by mafic and ultramafic rocks of the oceanic sequence and
by Biindnerschiefer as well as radiolarites. In marginal
parts, scarp breccias and turbidites are present. Silicicum,
Muranicum, Hronicum and Veporicum, the common
shelf of the Meliata-Hallstatt Ocean in the south and the
South Penninic Ocean in the north, are characterized by
pelagic sediments (above all cherty limestones and radio-
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Veporicum

Fig. 5. Schematic cross section from the South Rudabéanyaicum to the southern part of the Pieniny Klippen Belt in the meridian of the Gemericum
during the Bathonian. Not at scale. Continental blocks strongly exaggerated. Sea-floor spreading in the South Penninicum and in the Pieniny Klip-
pen Belt. Active, southwards-directed subduction zone at the southern margin of the Meliata Ocean. Inactive Rhaetian-earliest Liassic subduction

zone at the northern margin of the northern branch of the Meliaticum.

larites). Cherty limestones and radiolarites characterize the
Middle Jurassic deep-water sequence of the Fatricum north
of the South Penninicum. Shallow-water and pelagic li-
mestones, cherty limestones and condensed red limestones
of the Dogger in the Tatricum indicate that this area was
a submarine ridge between the deep-sea developments of
the South Penninicum and the Pieniny Ocean.

The middle Oxfordian is characterized by the final clo-
sure of the Meliata-Hallstatt Ocean. Upper Oxfordian de-
posits are missing from the Meliaticum and adjacent
slope units. Contemporaneously, the lower Oxfordian
radiolarites of the Silica Nappe are overlain by upper
Oxfordian shallow-water limestones indicating that this
area was involved in the uplift around the Meliata suture
zone that was caused by crustal thickening due to the
collision.

In the Cho¢ Nappe, the pelagic development continued
throughout the Upper Jurassic and Neocomian and the se-
dimentation ended in the Upper Neocomian. After the fi-
nal closure of the Meliata-Hallstatt Ocean in the middle
Oxfordian, the upper Oxfordian-Neocomian history of the
Cho¢ Nappe was that of the southern inner shelf of the
South Penninic Ocean at the margin of an elevated area
around the Meliata suture zone.

The oldest nappe thrusting in the Western Carpathians
was related to the Bathonian-lower Oxfordian southward
directed subduction of the Meliata-Hallstatt Ocean, and to
its middle Oxfordian final closure. In this northwards di-
rected nappe thrusting the South-Rudabédnyaicum thrust
on the Meliaticum and part of the Meliaticum (Radzim
Nappe) on the Gemericum. During the middle Oxfordian
collision, shear zones were created in the Inner Western
Carpathians north of the Meliaticum that were during the
Upper Cretaceous reactivated as thrust planes.

In a large part of the Veporicum, the sedimentation en-
ded, as in the Cho& Nappe, at the end of the Neocomian.
Related to the southward-directed subduction of the adja-
cent South Penninic Ocean, the Veporicum was under-
thrust beneath the Inner Western Carpathians. By this
process, the crystalline basement and the low-grade meta-
morphic Paleozoic of the latter unit were detached from
the Permo-Mesozoic envelope and from each other, and
underthrust beneath the northern Meliata suture and the
Gemerides. This process caused the above mentioned end
of the sedimentation in the northern units of the Inner
Western Carpathians and in most of the Veporicum ex-
cept its northern marginal units. In the Aptian to lower
Cenomanian time also these units were overthrust by the
Hronicum.

The subduction of the South Penninic Ocean lasted un-
til the Turonian. In the lower Turonian, an uplift occurred
in the Fatricum and by this, the sedimentation in the
KriZna Nappe ended at the top of the Cenomanian. In the
upper Turonian, the KriZzna Nappe gravitationally slid
upon the Tatricum, immediately followed by overthrus-
ting of the Cho¢ Nappe over the KriZzna Nappe (PlaSien-
ka, 1995). In that time (immediately after the Turonian),
the South Penninic Ocean of the Western Carpathians
was surely closed (only in eastern Slovakia, its closure
may be later), but the subduction of the Pieniny Ocean
below the Central Western Carpathians continued.

5. Age of the nappe formation in the Western
Carpathians

Neubauer (1994) published a detailed analysis about the
age of the nappe thrusting in the Eastern Alps and Wes-
tern Carpathians and he came to the conclusion that the



H. Kozur and R. Mock: New paleogeographic and tectonic interpretations in the Slovakian Carpathians 189

age of the nappe thrusting decreases more or less continu-
ously from the highest toward the lowest tectonic units,
if these units were not overprinted by younger thrust pro-
cesses. With some modifications, we can confirm this
view. However, the different age of the nappe thrusting
depends not only on the tectonic superposition, but also
on the involvement in the nappe thrusting triggered by
subduction of different oceans and from the geographic
position during the nappe thrusting. For instance, the
Cho¢ Nappe of the Hronicum with nappes of the northern
Muranicum (e. g. StraZov Nappe) on its back, form the
highest nappe pile above the Tatricum, Fatricum and Ve-
poricum. However, this tectonically highest nappe pile
was thrust upon the tectonically much deeper Krizna Nap-
pe later than this nappe thrust upon the Tatricum. The
Choc¢ Nappe could not thrust over the Krizna Nappe (roo-
ted north of the South Penninicum) before the South
Penninic Ocean was closed. Moreover, the nappe thrus-
ting become not only more or less continuously younger
in the lower tectonic units, but sometimes distinctly dis-
continuously younger with a considerably time break be-
tween the thrusting of nappes, immediately overlying
each other, or with reversed time succession of the thrus-
ting, as in the above mentioned example.

The oldest post-Hercynian nappe thrusting in the Wes-
tern Carpathians occurred in the southernmost units of the
Inner Western Carpathians. In connection with the south-
wards directed subduction of the Meliata-Hallstatt Ocean
during the Bathonian to lower Oxfordian interval, the
South-Rudabanyicum thrust northward on the accretionary
complex of the Meliaticum. This nappe thrust culminated
during the middle Oxfordian final closure of the Meliata-
Hallstatt Ocean. In this time also parts of the Meliaticum
accretionary complex thrust on the northwards adjacing
Gemericum. This earliest nappe thrusting in the South-
Rudabényaicum is in agreement with the view of Neubau-
er (1994) that the South-Rudabdnyaicum as southernmost
unit of the Western Carpathians must be the oldest nappe
pile despite of the fact that he has not given data for that
thrusting, but only for the next younger thrusting of the
underlying Meliaticum upon the Gemericum, for which he
assumed 160 - 150 Ma. This latter age is that of the blue-
schist metamorphism of the Borka Nappe. This age indica-
tes the end of the subduction of the southern main branch
of the Meliaticum by collision of the continental splinter
of the Gemericum with the southern foreland of the Melia-
ta-Hallstatt Ocean. By this process, the Gemericum was
thrust under the accretionary complex of the Meliaticum
and the southern foreland of the former Meliata-Hallstatt
Ocean. The transition area of the southern Gemericum to
the Meliaticum (original place of the Borka Nappe) was
during  this process so deeply buried that
blueschist metamorphism occurred. This process, howe-
ver, does not post-date the thrusting of the Silicicum as
shown in the scheme by Neubauer (1994), but it conside-
rably pre-date the southwards thrust of the Silica Nappe
that is related to a younger subduction process of an other
ocean (Szarvaské Ocean). The southward thrust of the Si-
lica Nappe during pre-Gosauan time was related (o the

Cretaceous northwards directed subduction of the
Szarvask& Ocean south of the Inner Western Carpathians.
In that time, the southwards directed thrusting affected all
southern units of the Inner Western Carpathians and the
immediately southwards adjacent units (e. g. Fennsikum
in the Bitkk Mts.). By this southwards directed nappe
thrusting, Inner Western Carpathian units partly over-
thrust southwards adjacent units (e. g. Darné Nappe of the
Meliaticum on Fennsikum). However, this unusual sou-
thern position of an Inner Western Carpathian unit may be
also caused by rejuvenation of the thrust planes during the
Tertiary. The northernmost unit of the Inner Western Car-
pathians that was southwards thrust, is the Opétka Nappe
that is only slightly detached (maximally 5 km) from its
Crmelicum basement. This thrusting, however, was not
related to the (earlier) southwards thrusting of the Silica
Nappe, but is only a late (? Tertiary) slight detachment of
the Middle Triassic to Carnian cover of the Crmel Nappe.

The northern units of the Inner Western Carpathians
and the Central Carpathians units were northward thrust
during the Upper Cretaceous in connection with the
southwards directed subduction of the Penninic Ocean.

The underthrusting of large parts of the Veporicum be-
low the northern part of the Inner Western Carpathians
connected with the detachment of the high-grade meta-
morphic crystalline basement and the low-grade meta-
morphic Paleozoic rocks of the Crmelicum from each
other and from the Permian-Mesozoic envelope (Hroni-
cum) was near the Barremian/Aptian boundary (around
120 - 125 Ma), indicated by the end of the sedimentation
in the underthrust and low-grade metamorphic Velky Bok
envelope unit of northern (but not northernmost) Vepori-
cum at the end of the Neocomian. Because this under-
thrusting caused uplift (by crustal thickening) in the over-
lying unit, the sedimentation ends also in the Cho¢ Nap-
pe during the upper Neocomian.

The thrusting time of the Veporicum is discontinuous-
ly younger than the thrusting time of the Meliaticum and
of the South Rudabdnyicum, separated by a time gap of
more than 30 Ma. This is caused by the fact that these
nappe thrustings are related to the subduction of different
oceans, the Meliata-Hallstatt Ocean and the South Penni-
nic Ocean respectively.

The following, originally northward adjacent more lo-
wer tectonic units fit fully in Neubauer’s model. In units
that belong to the northernmost parts of the Veporicum
(within the Malé Karpaty, Tribe¢, Povazsky Inovec
Mts.), the sedimentation ranges higher, up to the Albian.
The thrust plane between the exposed parts of the South
Penninic units and the northernmost Veporic units is la-
test Turonian to earliest Coniacian in age, because in the
Belice Unit below the northernmost Veporicum of the
Povaisky Inovec Mts. Turonian is still present. Howe-
ver, the closure of the South Penninic Ocean must be
soon after this time, because immediately after the upper
Turonian thrusting of the KriZzna Nappe over the Tatri-
cum, the Krizna Nappe was overthrust by the Cho¢ Nap-
pe of Inner Western Carpathian origin that could not
thrust through an open South Penninic Ocean. In eastern
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Slovakia, the South Penninic Ocean may stay open lon-
ger, perhaps until the Early Tertiary.

A deviation from the model by Neubauer (1994) is the
upper Turonian thrusting of the KriZzna Nappe over the
Tatricum immediately followed by the post-Turonian
thrusting of the tectonically much higher Cho¢ Nappe
upon the KriZzna Nappe. However, this deviation is caused
by the fact that these nappe thrustings are related to the
subduction of different oceans, in this case to the subduc-
tion of the South Penninic Ocean and the North Penninic
Ocean (Pieniny Ocean) respectively. The thrusting of the
KriZzna Nappe was related to the subduction of the Pieni-
ny Ocean that was already active since pre-Albian Early
Cretaceous time as indicated by the transport of exotic
pebbles from the Andrusov Ridge to the Tatricum and
Fatricum during Albian time. The thrusting of the Chot
Nappe is at first related to the subduction of the South
Penninic Ocean and this thrusting over Veporic units
started seemingly in the latest Lower Cretaceous in agree-
ment with the model of Neubauer (1994). However, the
Choc¢ Nappe could not thrust over the KriZzna Nappe befo-
re the South Penninic Ocean was closed because the Kriz-
na Nappe was rooted north of this ocean. The thrusting of
the Cho¢ Nappe over the Krizna Nappe after the closure
of the South Penninic ocean was either related to this clo-
sure or to the subduction of the Pieniny Ocean that ended
much later.

6. Correlation of the Inner Western Carpathians
with the Eastern Alps
(Tab. 1)

About for a century, the tectonic models of the Alps
have been successfully or erroneously overtaken in the
Western Carpathians or they have at least greatly influen-

Tab. |
Correlation of Inner Western Carpathian and East-Alpine tectonic
units

Inner Western Carpathians Eastern Alps

Crmelicum
Gemericum

Veitsch Nappe
part of the Noric Nappe and Western
Grauwackenzone

Cierny Vah Subunit
Hronicum
Biely Véih Subunit

Strdzov and Nedzov n.
Murédnicum
Muraii and Stratena n.

Lower Bajuvaricum (e. g. Frankenfels
Nappe)
Upper Bajuvaricum (e. g. Lunz Nappe)

Traunalpen facies of the Tirolicum

Triesting facies and Otscher facies of
the Tirolicum

Juvavicum (upper Carnian to Norian
Hallstatt facies)

Juvavicum (upper Anisian to Norian
Hallstatt facies)

Meliaticum, e. g. Florianikogel Nappe
Geyerstein Nappe

unnamed low grade metamorphic
South-Rudabdnyaicum at Edenhof sec-
tion (Kozur and Mostler, 1992)

no known equivalents

Silica Nappe
Rudabdnya Nappe
Meliaticum

Sz6l6sard6 Nappe
Torna Nappe

Brusnik Nappe

ced the models elaborated in the Western Carpathians. In
the past few years, new models of the tectonic evolution
and paleogeography in the Early Mesozoic of the Western
Carpathians, especially in connection with the Meliati-
cum, have strongly influenced tectonic and paleogeogra-
phic models in the Eastern Alps (e. g. Kozur, 1989b,
1991a, b; Mandl and Ondrejickova 1991, 1993; Kozur
and Mostler, 1992; Mandl, 1992; Gawlick, 1993a, b;
Neubauer 1994).

New stratigraphic and tectonic results concerning the
Meliaticum and its southern slope in the Eastern Alps
(Mandl and Ondreji¢kov4, 1991, 1993; Kozur and Mostler,
1992; Gawlick, 1993a, b,) and new results in the Inner
Western Carpathians (chapter 3) facilitate the correlation
of the Inner Western Carpathians with the Eastern Alps.
The key question remains the position of the Meliata-
Hallstatt Ocean and connected with this problem the posi-
tion of the root zone of the Northern Calcareous Alps. In
the Eastern Alps, the Northern Calcareous Alps were eit-
her rooted near the Periadriatic Line north or east of the
Licicum (Drauzug and its eastern continuation, e. g. Toll-
mann, 1977, 1986, 1988, 1989, 1990; Fuchs, 1985; Neu-
bauer, 1994) or north of a Central Alpine Ridge (e. g.
Brandner, 1984; Krainer, 1984; Kozur, 1991a, b; Kozur
and Mostler, 1992; Leiss, 1992, present paper). Bauer
(1987) also rooted the Upper Austroalpine of the Northern
Calcareous Alps north of the Central Alpine Mesozoic,
but he placed also the South Penninicum and the Lower
Austroalpine south of the Northern Calcareous Alps.

Brandner and Sperling (1995) presented a third model
for the position of the Meliata-Hallstatt Ocean and of the
root zone of the Northern Calcareous Alps as well as for
the Mesozoic paleogeography of the Eastern Alps (Fig.
6). According to this model, the Northern and Southern
Alps were separated by the Austroalpine-Adria Transfer
Zone (AAT) sensu Laubscher (1991) that was active
through the Mesozoic and until the Neogene. The Melia-
ta-Hallstatt Ocean and the Northern Calcareous Alps were
in this model situated perpendicularly to the AAT with
the Meliata-Hallstatt Ocean SE of the entire Austroalpi-
ne. Units of the Central Alpine Ridge were situated in
this model SW of the Northern Calcareous Alps between
them and the Southern Alps. The Drauzug was situated
immediately NE of the AAT adjacent to the Lombardian
Basin of the Southern Alps SW of the AAT. In this posi-
tion, the Drauzug was SW of the Central Alpine Units
and far away from the Northern Calcareous Alps and from
the Meliata-Hallstatt Ocean.

Before the position of the Meliaticum suture zone in
the Eastern Alps is discussed, those units are regarded,
which are correlated today in the same manner by most of
the authors.

Long before we have recognized the separation of the
Crmelicum from the Gemericum by Triassic-Jurassic oce-
anic sequences of the Meliaticum (see chapter 3), the Car-
boniferous of the Crmelicum, especially of the Ochtind
Nappe, has been compared with the Veitsch Nappe of the
eastern Grauwackenzone (Kozur et al., 1976; Neubauer
and Vozdrova, 1990). But the Ochtina Nappe has been as-
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signed in that time to the northern marginal part of the
Gemericum and was not regarded as an independent nappe.
Lithostratigraphic successions., ages, magmatism, meta-
morphism and metasomatic alteration of shallow-water li-
mestones into magnesites in the Crmelicum correspond
to the development in the Veitsch Nappe of the eastern
Grauwackenzone. For comparison of the sequences of the
Ochtina Nappe with those of the Veitsch Nappe see Ko-
zur et al. (1976), Neubauer and Vozdrova (1990) and Neu-
bauer et al. (1994). According to Neubauer et al. (1994),
the Veitsch Nappe occupies the northernmost position
within the eastern Grauwackenzone, just adjacent to the
Middle Austroalpine. Exactly the same position has the
Crmelicum that occupies the northernmost position of
the Inner Western Carpathian Paleozoic units, just adja-
cent to the Veporicum.

Only Kovacs (in Ebner et al.. 1991; Fig. 11) correlated
the eastern Grauwackenzone with the Brusnik Paleozoic
that is, however, originally situated south of the Meliata-
Hallstatt Ocean and belongs to the Paleozoic basement of
the South-Rudabdnyaicum (“Tornaicum”™), as correctly re-
cognized by Vozarova and Vozar (1992). The Bashkirian
flysch of the Brusnik Paleozoic is basically different from
any Middle Carboniferous of the Grauwackenzone, and
this made the correlation by Kovécs unexplainable, But
also in other respects, the reconstruction of the Middle
Carboniferous paleogeographic situation by Kovdcs is in-
consistent with all known geological data. It shows alrea-
dy in that time an arrangement of the Carboniferous units
in the Carpathian arc, a Tertiary feature. Moreover, the
Carboniferous of the Veitsch Nappe was correlated with
the central parts of the Gemerides. However, the Veitsch
Carboniferous belongs to the eastern Grauwackenzone
that was correlated by Kovacs in the same figure in diffe-
rent manner (see above). Moreover, the Gemericum s. str.
(central part of the Gemgrides s. I. in the reconstruction
by Kovacs) has no Carboniferous and this made the corre-
lation by Kovacs still more courious, as the sequence of
the Veitsch Nappe consists exclusively ol Carboniferous
beds. Finally, Kovacs indicated a large amount of Carbo-
niferous basic volcanics at the southern margin of the Ge-
mericum, but the large amount of basic volcanics (former
Rakovec Series) in the Gemericum are at the northern
margin of the Gemericum and their age is unknown. This
reconstruction by Kovdcs is not explainable, as Paleozoic
basic volcanics are not shown at the southern margin of
the Gemericum in any map (see map of Bajanik et al.,
1984). Perhaps Kovics regarded the glaucophane schists
(originally basic volcanics) of the Borka Nappe above the
southern margin of the Gemericum or other Triassic basic
volcanics of the Meliaticum as Carboniferous basic vol-
canics. Because of the numerous inconsistencies and ob-
vious mistakes in this reconstruction, the two other au-
thors of Ebner et al. (1991) did not followed it. But this
reconstruction was nevertheless repeated in Kovécs (1993,
Fig. 3) despite the paper of Vozarova and Vozar (1992)
was already published and quoted by Kovics (1993).

The Gemericum s. str. is similar to the western Grau-
wackenzone and parts of the Noric Nappe. If the Klatov

Amphibolite Complex have a pre-Hercynian (or Silurian-
Devonian Ligerian-Variscan) metamorphism, a similarity
with the Kaintaleck Nappe (Neubauer et al., 1994) of the
eastern Grauwackenzone would be indicated (Kozur, in
press a). According to Neubauer et al. (1994), both the
Noric Nappe and its equivalents in the Western Grauwac-
kenzone and the Kaintaleck Nappe have a more southern
original position than the Veitsch Nappe. This is also the
case for the Gemericum compared with the Crmelicum.

Already before the recognition of the nappe character of
the Silica Nappe by Kozur and Mock (1973a, b), the
units that are assigned today to the Hronicum (nappe cha-
racter known since the beginning of the century, Lugeon,
1903), Muranicum (name introduced herein, see chapter
3), Silicicum (Kozur and Mock, 1973a, b) and North-Ru-
dabdnyaicum (Kozur, 1979, 1991a, b) were correlated
with the Upper Austroalpine of the Northern Calcareous
Alps (e. ¢. Andrusov, 1960, 1968; Tollmann, 1969; Ma-
hel. 1974). Only some nappes from the northern or sou-
thern part of the Upper Austroalpine of the Eastern Alps
and few Upper Slovakocarpathian units of the Western
Carpathians were correlated with other units in that time
and partly also later. Thus, Mahel and Malkovsky (1984)
and Mahel (1986) correlated the Bajuvaricum with the
Krizna Nappe. However, the root zone of the Krizna Nap-
pe is the Certovica Suture Zone between the Veporicum
and Tatricum, whereas the root zone of all Upper Austro-
alpine nappes. to which belong also the Bajuvaricum
nappes, is south of the Lower (and Midle) Austroalpine
(Tollmann, 1986). Tollmann (1972) correlated the south
Gemeric Triassic (the later Silica Nappe) with the Trias-
sic of the Balaton Highland and of the Drauzug, but later
(e. g¢. Tollmann, 1975, 1986, 1989) he correlated the Si-
lica Nappe with the Juvavium of the Northern Calcareous
Alps, as Kozur and Mock (1973a, b) did.

The correlation of individual nappes of the Upper Aus-
troalpine and of the Upper Slovakocarpathian units is
mostly not useful because of the long distances between
these nappes, in which no Upper Austroalpine or Upper
Slovakocarpathian nappes are known, which are buried by
Neogene volcanics or younger sediments. In the Eastern
Alps, the Meliata-Hallstatt Ocean became very narrow
and finally ended in the Hallstatt area or somewhat further
east. Also its shelves became narrower. For this reason,
“northern” facies elements, such as terrigenous Lunz Beds
and Carpathian Keuper reached more southern positions
than in the Western Carpathians, but some of the Juvavic
units with distinct distal Raibl Beds may be equivalents
of the South-Rudabdnyaicum (see chapter 3: Meliaticum).
The southernmost occurrence of typical Carpathian Keu-
per in the Western Carpathians is in the northern part of
the Veporicum (= northern part of Lower Austroalpine,
see Kozur and Mock, 1996), whereas Carpathian Keuper
reaches as far south as the northernmost nappes of the
Upper Austroalpine of Eastern Alps (Frankenfels Nappe).
However, this do not mean that the Frankenfels Nappe
must be correlated with the Krizna Nappe (with Carpat-
hian Keuper) as erroncously done by some authors (e. g.
Mahel, 1986). Thin variegated shales occur in the upper
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part of the Norian Hauptdolomit of the northernmost
marginal parts of the Cho¢ Nappe and are regarded already
by Andrusov (1965) as equivalents of the Carpathian
Keuper. This indicates that parts of the Cho¢ Nappe can
be correlated with the Lower Bajuvaricum. The southern
unit (Biely Vah Unit) of the Cho¢ Nappe with Reifling
Beds, thick Lunz Beds and upper Carnian to Norian
Hauptdolomit corresponds to the Upper Bajuvaricum
(e. g. Lunz Nappe).

The Murédnicum corresponds to the Tirolicum of the
Calcareous Pre-Alps. In the northern Muranicum (StraZov
and Nedzov nappes) Wetterstein Limestone, thin distal
Lunz beds, Norian Hauptdolomit are present and Dach-
stein Limestone is missing. This part of the Murdnicum
corresponds to the (southern) Traunalpen facies of the Ti-
rolicum. The southern Murdnicum (Muréii and Stratena
nappes) is distinguished by the presence of Norian Dach-
stein Limestone above Carnian-lower Norian Hauptdolo-
mit. It corresponds to the Calcareous Pre-Alpine Dach-
stein Limestone facies of the Tirolicum (Triesting facies
with Ladinian Wetterstein Limestone in the east, and Ots-
cher facies with Ladinian-lower Carnian Ramsau Dolomi-
te in the west). As in the Alps, Norian Hallstatt Limesto-
ne, characteristic for the Juvavicum, is absent.

The Silicicum in the herein used reduced content (Silica
Nappe and near related, undescribed nappes or slices) cor-
responds to parts of the Juvavicum as already stated by
Kozur and Mock (1973a, b). Those parts of the Juvavi-
cum, in which the Hallstatt Limestone begins already in
the Anisian, corresponds to the Rudabénya Nappe (Kozur,
1979) of the North-Rudabanyaicum, but partly also to the
South-Rudabanyiacum. However, not all the mapped
Hallstatt Limestones of these nappes are typical Hallstatt
Limestones. Thus, in the Geyerstein Nappe (typical
South-Rudabanyaicum of the southeastern Northern Cal-
ceareous Alps, Kozur and Mostler, 1992), the Hallstatt
Limestone is in reality Nadaska Limestone as in the
South-Rudabdnayicum of the Inner Western Carpathians.

Thus, those units of both the Western Carpathians and
the Eastern Alps that were deposited at the slopes of the
Meliata-Hallstatt Ocean, display uninterrupted pelagic de-
posits in the middle Anisian to Rhaetian time interval. In
the Western Carpathians Ladinian red radiolarites, typical
for Ladinian sedimentary Meliaticum sequence, interfinger
with cherty limestones of the slope deposits. In the Hall-
statt area, such Ladinian red radiolarites are missing in the
Juvavicum, but seemingly also in the continuation of the
Meliaticum (see below).

A hypothetical Triassic ocean was postulated south of
the Hallstatt facies belt already in some earlier reconstruc-
tions (e. g. Fuchs, 1985 and Lein in Fliigel and Faupl,
1987). In other reconstructions (Tollmann, 1988), in
which a continuation of the Vardar Ocean until south of
the Hallstatt Zone was assumed, in the Triassic no ocean
was shown in the Eastern Alps and Western Carpathians,
but in agreement with opening time of the Vardar Ocean,
a Middle-Upper Jurassic ocean was shown south of the
Hallstatt Zone and south of the Gemeric Triassic (Silici-
cum), in the Tithonian also south of the Licicum. This

ocean was assumed to be broadest in the Tithonian (in
that time the Vardar Ocean was broadest). However, south
of the Silicicum the ocean was already closed during the
Tithonian and consequently the hypothetical ocean (Me-
liata-Hallstatt Ocean) was not the continuation of the
Vardar Ocean.

Despite of the fact that a Triassic-Jurassic or at least
Jurassic ocean was postulated south of the Hallstatt Zone,
no remnants of this ocean were proven for a long time
and according to Tollmann (1989) oceanic Meliaticum is
unknown from the Eastern Alps. Kozur (1989b, 1990a,
b, 1991a, b) assigned blocks of basic and ultrabasic rocks
from Haselgebirge evaporitic melanges at the base of Ju-
vavic nappes to the Meliaticum, because such rocks occur
in the same tectonic position at the base of higher Inner
Western Carpathian nappes. There, they were partly dated
as Ladinian by radiolarians from intercalations of red sha-
les and red radiolarites in the pillow lavas (Kozur and Ré-
ti, 1986). Subsequently Mandl and Ondrejickova (1991),
Kozur and Mostler (1992), Mandl (1992) and Mandl and
Ondrejickova (1993), found the typical accretionary com-
plex of the Meliaticum with Middle Jurassic turbidites
overlain by a coarsening upwards sequence at the southern
margin of the eastern end of the Northern Calcareous
Alps, at the Florianikogel and in the Edenhof section. As
in the Meliaticum of the Western Carpathians, these Ju-
rassic beds contain blocks of red Ladinian radiolarites, ba-
sic volcanics, ultrabasites of Middle Triassic age and rare-
ly grey cherty limestones of Upper Triassic age. The red
radiolarites partly interfinger with red cherty limestones
(Edenhof section) and much of the red radiolarites are ear-
ly diagenetically silicified filamentous limestones, but
true radiolarites deposited below the CCD are also pre-
sent. These two types of radiolarites are present also in
the Meliaticum of the Western Carpathians, but inter-
fingering of red Ladinian cherty limestones with red radio-
larites is restricted to the slope development outside the
Meliaticum. This indicates that the sequences of Floriani-
kogel and Edenhof were situated close to the margin of
the oceanic development and probably close to the wes-
tern end of the oceanic development of the Meliaticum.

Further to the west, the characteristic red Ladinian ra-
diolarites were no more found, but a deep-water trough
continued in continuation of the oceanic Meliaticum until
the Hallstatt Zone. This prolongation of the Meliaticum
in the Hallstatt area (thinned continental crust 7) was see-
mingly a deep-water basin with cherty limestones (Reif-
ling Limestones, Potschen Limestones). However, a nar-
row rift zone with basic and ultrabasic rocks was seemin-
ly also present in this area, as such rocks are known in
evaporitic melanges at the base of some Juvavic units al-
so in the Hallstatt area. Gawlick (1993a, b) found up to
1.5 c¢cm large components of red cherty limestones and
greyish-green radiolarites in an Upper Jurassic breccia. He
assigned the components to the Triassic Meliaticum deep-
sea facies on the base of some broken conodonts. No data
were given, whether these conodonts were derived from
the red cherty limestones or from the radiolarites, but pro-
bably they were derived from the red cherty limestone.
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Triassic greyish-green radiolarites are not known from the
Meliaticum that is dominated by red ribbon cherts, in the
Upper Triassic accompanied by black and grey radiolarites
and in that time often replaced by cherty limestones. Ho-
wever, such grey-green radiolarites are very common in
the Middle Jurassic of the Meliaticum. The figured thin
section of this grey-green radiolarite by Gawlick (1993a)
has the typical microfacies of the Jurassic radiolarites of
the Meliaticum and also the size spectrum of the indeter-
minable radiolarians corresponds to Middle Jurassic radio-
larites and not to Triassic ones. The data by Gawlick
(1993a, b) rather confirm the view that in the Hallstatt
area no more red ribbon cherts on oceanic crust were pre-
sent. Triassic-Jurassic sequences of the Meliaticum depo-
sited below the CCD on oceanic crust are therefore in the
Eastern Alps only known from southern margin of the
easternmost Northern Calcareous Alps (Mandl and Ondre-
jiCkova, 1991, 1993; Kozur and Mostler, 1992; Mandl,
1992). However, Gawlick (1993a, b) is insofar right that
the rocks that he assigned to the Meliaticum belong to
this unit and in geographic sense, this part was surely the
westernmost part of the Meliata-Hallstatt Ocean, even if
it was already largely deposited on thinned continental
crust.

Both oceanic rift zones and subduction zones represent
plate boundaries that may continue as a transform fault
on the adjacent continent. Until the Hallstatt area, a deep-
water trough with oceanic and thinned continental crust
was seemingly present in continuation of the oceanic
crust of the Meliaticum in the Inner Western Carpathians.
Blocks of basic and ultrabasic rocks are known from eva-
poritic melanges within the Haselgebirge of the Hallstatt
area. Thus, the rifting process was also obvious in the
Hallstatt area, but it did perhaps no more lead to the ope-
ning of an oceanic trough with oceanic crust overlain by
radiolarites.

Very interesting is the further continuation of the plate
boundary on the continental shelf that should be a zone of
high seismic activity during the Middle Triassic to Mid-
dle Jurassic time. Because the horizontal movements
along this zone were probably not so significant to cause
a juxtaposition of different facies zones, it is very diffi-
cult to recognize such fossil transform faults. Indications
for such a continental plate boundary will be most pro-
bably only synsedimentary fault structures and perhaps
locally restricted, but repeated occurrence of breccia during
the Triassic to Middle Jurassic. During the Middle Trias-
sic time of sea-floor spreading in the Meliata-Hallstatt
Ocean, possibly also the presence of lavas that would be
exceptional for the Northern Alps, could indicate such a
continental plate boundary. Moreover, continental rifting
that preceded the oceanic sea-floor spreading, reaches often
deeper into a continent than the later sea-floor spreading.

The narrow zone of continental Upper Permian rifting
with Haselgebirge evaporites, the axial part of which was
situated at the place of the later oceanic rifting of the Me-
liaticum, continued toward the west until Hall, east of
Innsbruck. Thus, this continental rift zone continued far
west of the later oceanic rift of the Meliaticum into an

area that corresponds to the southernmost part of the
Lechtal Nappe (Tollmann, 1985 and there quoted papers)
or to the Inntal Nappe (Brandner, pers. comm). In the La-
dinian of this area, the restricted basinal facies of the Part-
nach Beds is present. The relatively northern position of
the continental continuation of the Meliaticum plate
boundary excludes the possibility that the Meliata-Hall-
statt Ocean was situated near the Alpin-Dinaric Line. In
the contrast, the Inntal Nappe and the Krabachjoch Nappe
were situated in continuation of those units situated south
of the Meliata-Hallstatt Ocean (South-Rudabanayicum).
Terrigenous material in the Anisian of the Krabachjoch
Nappe is in agreement with this correlation, because the-
se Anisian terrigenous sediments are always a southern
feature (Brandner, 1974).

In western continuation of the southern Lechtal Nappe
near Flirsch repeated formation of breccias can be observed
in the Lower Jurassic to Middle Jurassic Eisenspitz
breccia. In the same area, Carnian, Norian and upper Rhae-
tian breccias are present (Huckriede, 1959; Tollmann,
1976a, 1985). This unique long interval with repeated bre-
ccia formation could be related to a long-existing trans-
form fault zone in prolongation of the plate boundary wi-
thin the Meliata-Hallstatt Ocean. Eisbacher et al. (1990)
pointed out that structural complications in the southern-
most Lechtal Nappe are probably partly inherited from
synsedimentary fault structures that had developed during
the subsidence stage of the Northern Calcareous Alps plat-
form. Again, these synsedimentary fault structures are in
the continental prolongation of the rift axis of the Meliata-
Hallstatt Ocean. Finally, in the Arlberg Beds in the we-
sternmost Northern Calcareous Alps, the only Ladinian
(Tollmann, 1985) or Cordevolian (Bechstéidt et al., 1976)
lavas (intermediate volcanics) of the Northern Calcareous
Alps outside the Meliaticum occur. Again, these volcanics
occur in southern part of the Lechtal Nappe.

The Middle Jurassic accretionary complex of the Melia-
ticum with blocks of oceanic Triassic and low-grade me-
tamorphic pre-rift carbonates from the easternmost part of
the Eastern Alps corresponds both in its facies and in its
tectonic position to the occurrences of the Meliaticum
accretionary complex in the Inner Western Carpathians.
The position of this Meliata suture zone is in the Inner
Western Carpathians always at the southern margin of the
Crmelicum that corresponds to the Veitsch Nappe of the
eastern Grauwackenzone. This zone is the root zone of
the Upper Slovakocarpathian units that correspond to the
Upper Austroalpine of the Northern Calcareous Alps. In
the easternmost part of the Eastern Alps, the Jurassic ac-
cretionary complex lies also at the southern margin of the
Upper Austroalpine of the northern Calcareous Alps. For
this reason we assume that the root zone of the Northern
Calcareous Alps lies at their southern margin, north of
the Central Alpine Ridge (Kozur and Mostler, 1992).

In the easternmost Northern Calcareous Alps not only
remnants of the Meliaticum, but also units, eriginally si-
tuated south of the Meliaticum were found (Kozur and
Mostler, 1992). They correspond in facies, microfauna
and metamorphism to the South-Rudabanyaicum of the
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Inner Western Carpathians. Characteristic is the occurren-
ce of the conodont Gladigondolella already in the Pelso-
nian and Illyrian, whereas in the units trom the northern
margin of the Meliaticum Gladigondolella begins within
pelagic sequences only in the Ladinian. There are both
low-grade metamorphic beds (in the Edenhot window), as
in the Torna Nappe, and nearly unaltered beds (Geyerstein
Nappe, CAI 2.5 - 3), as in the Szd1Gsardé Nappe. The
Geyerstein Nappe corresponds to the Geyerstein slices as-
signed to the Hohe Wand Nappe (Tollmann, 1976b) or to
slices from the Hallstatt “South Channel™ by Tollmann
(1985). The so-called “South Margin Elecment” with lo-
wer Anisian “Flaserkalk” overlain by yellowish micrites
may belong to the Geyerstein Nappe (Kozur and Mostler,
1992), but it is detached from this nappe. It could be also
an independent nappe of the South-Rudabanyaicum cor-
responding to the Brusnik Nappe as it has continental
Permian. In any case, it does not belong to the same unit
as the Tirolicum of the Calcareous Pre-Alps. On the
other hand, it lies in continuation of the Tirolicum Inntal
Nappe beyond the western end of the Meliaticum (see
above). All characteristic lithostratigraphic units of the
South-Rudabanyaicum are present in the South Rudabd-
nyaicum of the Northern Calcareous Alps, such as pela-
gic siltstones-mudstones in basinal facies of early Pelso-
nian age (with clasts of slope and carbonate platform li-
mestones, basic and intermediate volcanics and sand gra-
ins), Nadaska Limestone, thick distal Raibl Beds and up-
per Tuvalian to Norian pelagic, often cherty limestones
(Kozur and Mostler, 1992). This development is unrelated
to the sequence of the Juvavic nappes that were derived
from the northern margin of the Meliata-Hallstatt Ocean.
The terrigenous material in the Triassic of the Geyerstein
Nappe was derived from the south, indicating the presence
of a carbonate platform and a source area of terrigenous
material in the south. This confirms the presence of
a Central Alpine Ridge south of the Northern Calcareous
Alps, as postulated by Brandner (1984) and Krainer
(1984). The latter author recognized a S - N Permo-Meso-
zoic facies succession Drauzug-Gurktal Nappe (Permo-
Mesozoic ot Middle Carinthia)-Pfannock slice-Central Al-
pine facies (Stangalm Mesozoic)-Northern Calcareous
Alps. Brandner (1984) stated that the assignment of a part
of this succession (Stangalm Mesozoic) to the Middle
Austroalpine (rooted north of the Northern Calcareous
Alps) would destroy the clearly recognizable facies
successions of this area.

Kazmér and Kovécs (1985) assumed a continental esca-
pe of the Drauzug-Balaton Highland area during the Oli-
gocene and they assumed a Triassic position of the Bala-
ton Highland south of the Northern Calcareous Alps. Ho-
wever, as pointed out by Tollmann (1989, p. 40), “there
is no northern tectonic boundary that could serve as stri-
ke-slip fault”. He furthermore pointed out that Kdzmér
and Kovics (1985) “constructed such a fault by combi-
ning several fractures with different trends... and a postu-
lated connection between these elements - constructing a
Middle Kirnten fault that does not exist”. However, also
Tollmann (1989) assumed a large-scale eastward-directed

drift of the Licicum, but of Jurassic age. Jurassic eastward
drift of the East Alpine-Western Carpathian block or parts
of them were also assumed by Kozur and Mock (1987,
1988). Also in the reconstruction by Tollmann (1988),
the Balaton Highland was originally situated south of the
Northern Calcareous Alps.

The original more western position of the Licicum du-
ring the Triassic was concluded from the “exotic” presen-
ce of Norian Hauptdolomit in a meridian, where in the
present position in the Southern Alps Norian Dachstein
Limestone and in southern units of the Northern Calcare-
ous Alps Dachstein Limestone and Hallstatt Limestone
are present. However, also in the Balaton Highland, No-
rian Hauptdolomit is present, representing in the Keszl-
hély Mts. and in the southern Bakony Mits. the entire
Norian below the Kossen Beds, and in the northern Ba-
kony Mts. the lower and middle Norian below upper No-
rian and Rhactian Dachstein Limestone. Therefore, the
problem of the “exotic” Norian Hauptdolomit in the
Drauzug remains unsolved even after the assumption of
several 100 km of lateral displacement. By assumption
of a Central Alpine Ridge between the Drauzug and the
Northern Calcarcous Alps, the presence of Norian Haupt-
dolomit in the Drauzug would be easy explainable. even
if it was not displaced since the Triassic several 100 km
to the east from its original position. This does not
mean that we exclude such an original position of the
Drauzug that seems to be well founded (Bechstidt, 1978;
Prey, 1978; Tollmann, 1978; Schmidt et al., 1991). But
even, il such large-scale lateral movements since the
Triassic took place. an explanation for the “exotic” posi-
tion of the Norian Hauptdolomit of the Balaton Highland
(in this model situated between the Southern Alps and
Eastern Alps) is necessary.

An important aspect of the Drauzug was not discussed
in previous papers. At the outer shelves of the Meliati-
cum in the Western Carpathians and Eastern Alps. upper
Carnian and Norian rapid subsidence can be observed (see
chapter 3), related to crustal cooling after the middle Car-
nian end of the sea-floor spreading in the Meliaticum. In
the Drauzug, an upper Carnian and Norian shallowing af-
ter Middle Triassic to Cordevolian pelagic sedimentation
can be observed. This is also the case in the Dobratsch
section, where beside pelagic Middle Triassic sediments
also thick basic volcanics (up to 120 m volcaniclastic se-
diments with some lavas) are present (Bechstidt et al.,
1976, 1978). This is the characteristic event succession
for the outer shelves along the southern Tethys, e.g. in
the Southern Alps, Balaton Highland, in the Bosnian Zo-
ne and in the Subpelagonicum. Pelagic Middle Triassic to
Cordevolian, partly (e. g. Subpelagonicum) pelagic upper
Scythian to Cordevolian deposits, among them also Hall-
statt Limestones (e. g. Bosnian Zone, Subpelagonicum)
are overlain by upper Carnian to Norian shallow-water li-
mestones or dolomites, oflen separated by distinct clastic
Raibl Beds. In the South Tethyan oceanic realms and on
the slopes, strong basic volcanism begins in the middle
Carnian, contemporaneously with the end of the sea-tloor
spreading in the Meliaticum. Seemingly, the Raibl event
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was connected with an important re-arrangement of the
plate motions (end of the tensional regime in the Meliata-
Hallstatt Ocean, beginning of rapid sea-floor spreading in
many parts of the southern Tethys). This caused also the
different behaviour of the outer shelves of the Meliaticum
(subsidence because of crustal cooling) and of the South
Tethys (reduced subsidence or shoulder uplift).

Because the Drauzug has the South Tethyan event
succession, it does not belong to the shelf of the Meliati-
cum, but to the northern shelf of the Southern Tethys.
Consequently, its position was not near to the root zone
of the Northern Calcareous Alps, as assumed by Toll-
mann (1977), independently from the question, whether it
was originally situated far in the west of its present posi-
tion or not. For this reason, it does not belong to the sa-
me tectonic unit as the Upper Austroalpine of the Nor-
thern Calcareous Alps that was situated at the slope and
shelf of the Meliata-Hallstatt Ocean, from which it is se-
parated by the Central Alpine Ridge as already recognized
by Brander (1984) and Krainer (1984). For this reason,
the Drauzug cannot be assigned to the Upper Austroalpi-
ne, but it is an independent unit. The term Licicum (Toll-
mann, 1977) is used for this unit.

If the strong eastward-movement of the Drauzug and Ba-
laton Highland in post-Triassic time would be a reality,
the Balaton Highland would be situated during the Triassic
south of the Northern Calcareous Alps (e. g. Tollmann,
1988). As for the Drauzug, the Balaton Highland has
a South Tethyan event succession with widespread pelagic
sedimentation until the Cordevolian or Julian, distinct di-
stal Raibl event, upper Carnian shallowing and Norian
Hauptdolomit. Also the Balaton Highland did not belong
to the shelf of the Meliaticum, but to the northern shelf
of the Southern Tethys. In the case of a Triassic position
of the Balaton Highland between the Southern Alps and
Northern Calcareous Alps, also the western part of the
Igal Unit south of Lake Balaton would have a Triassic po-
sition between the Southern Alps and the Balaton Hig-
hland. Kozur (1994a) described from the borehole Inke
south of Lake Balaton an oceanic melange with serpenti-
nites, low-grade metamorphic acidic metavolcaniclastics,
albite-sericite slate (originally intermediate volcanics),
microconglomerates, strongly altered light limestones and
black, siliceous shales. The latter are an dysaerobic sedi-
ment that contains pyritized radiolarians of late Carnian
age. A similar sequence, but without serpentinites was
discovered by Kozur, Krainer and Mostler (unpublished)
from the South Karawanke Koschuta Unit. The melange
in the Inke borehole belongs seemingly to an accretionary
complex, but the Triassic rocks are so different from those
of the Meliaticum that it was surely not part of the Melia-
ta accretionary complex. The sequence from the Koschuta
Unit may belong to the outer shelf of this ocean.

Consequently, Tollmann may be right that an ocean
was present between the Southern Alps and the Nor-
thern Alps in the segment that is today missing be-
tween both areas. However, this ocean was part of the
Southern Tethys, and the Northern Calcareous Alps we-
re not the northern shelf of this ocean. Both Drauzug

and Balaton Highland belong to the northern shelf of this
South Tethyan Ocean. In the contrast, the Upper Austro-
alpine of the Northern Calcareous Alps and the Upper
Slovakocarpathian units of the Western Carpathians were
situated at the slopes and shelves of an other, Northern
Tethyan Ocean, the Meliata-Hallstatt Ocean, as northwes-
tern continuation of the Cimmerian Ocean sensu Kozur
(1991a, b, 1994¢) that corresponds in parts to the Paleo-
tethys sensu Sengér (1985). In the Eastern Alps, the
shelf areas of both oceans were separated by the Central
Alpine Ridge. Because the South Tethyan Ocean was al-
ready open in the Permian (Catalano et al., 1991; Kozur,
1989¢, 1993, 1994d) and the subduction of the South
Tethyan Ocean was northward-directed, the Lower Per-
mian gabbros of MORB geochemical character, recogni-
zed by Thoni (1990) from the Koralpen-Saualpen crystal-
line, may be a relict of the subduction zone of this South
Tethyan Ocean. Pelagic Lower Permian conodonts (Ra-
movs, 1982) indicate that at least a pelagic trough was
present in the Lower Permian south of the eastern part of
Northern Alps. The subduction of this hypothetic ocean
(Vardar Ocean sensu Tollmann, 1988) was probably in
the Cretaceous (Lavant flysch). For this reason it is pos-
sible that the chromian spinel from the Lavant flysch of
the Drauzug and from the Rof}feld Formation of the Nor-
thern Calcareous Alps were derived not only from two ge-
ochemically and in age different ophiolitic sequences as
shown by Faupl and Pober (1991), but from two oceans.
The chromian spinels from the RoBfeld Formation were
transported from the south (therefore Penninic origin is
excluded) and were derived from obducted ophiolites of the
Meliaticum. The Lavant flysch was far in the west of the
western end of the Meliata-Hallstatt Ocean, if the Drau-
zug was rooted west of its present position. A derivation
of the chromian spinel of the Lavant flysch from obduc-
ted ocean floor of the Meliaticum is therefore not probab-
ly. If, however, an ocean was present south of the Lici-
cum (Tollmann, 1988), a derivation of the chromian spi-
nel from this South Tethyan is probable.

The assumption of the suture zone of the Meliata-Hall-
statt Ocean in the Eastern Alps north of a Central Alpine
Ridge explains the following geological facts that are not
or difficult to explain with the model of a suture zone
between the Northern and Southern Alps.

1. The Southern Alps have a totally different Middle
Triassic crustal mobility from that of the shelf of the Me-
liaticum (Brandner and Sperling, 1995).

2. There is a sequence that derived from the southern
margin of the Meliata-Hallstatt Ocean (e. g. Geyerstein
Nappe of the South-Rudabdnyaicum) that has a North
Tethyan event succession and has no transitional character
between the Northern and Southern Alps. If the Meliata-
Hallstatt Ocean was situated between the Northern and
Southern Alps, this unit should have South Alpine cha-
racter, at least in the crustal mobility.

3. The Ladinian-Cordevolian microfauna of the Southern
Alps and of the Northern Calcareous Alps is even in facial-
ly indentical beds very different. The differences are so great
that in this time interval a continental barrier is probably.
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Fig. 6. Alternative Early Mesozoic paleogeographic reconstruction of the Alps by Brandner in Brandner and Sperling (1995).

4. In the units that were derived from the southern slo-
pe and outer shelf of the Meliata-Hallstatt Ocean, clastic
input in the Anisian and in the Carnian comes from the
south. If the Meliata-Hallstatt Ocean was situated be-
tween the Northern and Southern Alps, then the transport
of the clastic material must come from or through the
Sou-thern Alps. In this case, however, the big differences
in Lower and Middle Triassic crustal mobility and in the
fauna between these units and the Southern Alps cannot
be explained.

5. The S - N Permo-Mesozoic facies succession Drau-
zug-Gurktal Nappe (Permo-Mesozoic of Middle Carin-
thia)-Pfannock slice-Central Alpine facies (Stangalm Me-
sozoic)-Northern Calcareous Alps (Krainer, 1984) would
be destroyed, if the Central Alpine facies would be placed
north of the Northern Calcaceous Alps.

6. The Drauzug has a South Tethyan event succession
that is not known from the slopes and shelfes of the Me-
liata-Hallstatt Ocean. Also faunistically, there are strong
similarities to the Southern Alps.
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In the model of Brandner (in Brandner and Sperling,
1995, see Fig. 6, explanation of the model, see above),
the strong differences in Middle Triassic to Cordevolian
crustal mobility and faunas between the Southern Alps
and the Northern Calcareous Alps as well as the strong
differences of the Drauzug from the Northern Calcareous
Alps can be well explained as in the previous model.
The siliciclastic input in the Pelsonian and Julian in the
South-Rudabanyaicum of the southeastern corner of the
Northern Calcareous Alps is more difficult to explain in
the model by Brandner, but a source area that was origi-
nally situated E or SE of the Northern Alps would be
possible. This model has, on the other hand, some addi-
tional advantages. It takes into consideration the clock-
wise rotation of the Northern Calcareous Alps and the
anti-clockwise Adria rotation of the Southern Alps
(Channell et al., 1992; Channell, 1996). Moreover, in
this model it is no longer necessary to look for an E - W
continuation of all units in the Eastern Alps and Inner
Western Carpathians (and south of them) that were origi-
nally situated south of the Meliata-Hallstatt Ocean. For
instance, there are no equivalents of the Brusnik Bashki-
rian flysch in the Northern Alps. Baskirian flysch is
known from the Southern Alps (Viséan to Bashkirian
Hochwipfelflysch), but the Hochwipfelflysch is overlain
by marine Upper Carboniferous and marine Permian,
whereas the Bashkirian flysch of the Brusnik Nappe is
overlain by continental Permian rocks. The Triassic of
the Brusnik Nappe is also totally different from the
South Alpine Triassic, but identical with the Triassic of
the South-Rudabédnyaicum. Thus, the Brusnik Nappe
cannot be correlated with any South Alpine development
on the base of similiar Bashkirian development because
the entire post-Bashkirian development is basically diffe-
rent from any South Alpine development. On the other
hand, the Brusnik Carboniferous has also no equivalents
in the Northern Alps. In the model of Brandner, it
would be originally situated east of the Alps. However,
there may be also a very simple explanation in our pre-
sented model: The Middle Carboniferous of the South
Rudabanyaicum of the Northern Alps is unknown. The
“South Margin Element” has probably a continental
Permian development (Prebichl Beds) and no hypersali-
ne Upper Permian. This is similar to the Brusnik Nappe
of the South-Rudabanyaicum. The Carboniferous below
this continental Permian is unknown.

A combination of the above model by Brander with our
herein presented model (with an assumed position of the
Meliata-Hallstatt Ocean N of a Central Alpine Ridge, at
the southern margin of the North Alpine Upper Austroal-
pine) seems to be possible.

7. Correlation of the Meliata-Hallstatt Ocean, its
slopes and shelves within the western Tethys under
special consideration of new results in northern
Turkey

The correlation of the Cimmerian Inner Western Car-
pathians toward the east (Fig. 7) is more difficult than the

correlation with the Eastern Alps. Some of the Austrian
and all Hungarian geologists favour a correlation of the
Meliata-Hallstatt Ocean with the Vardar Ocean. This cor-
relation results from a time, as south of the Peninnicum
only a single Tethyan ocean, the Vardar Ocean, was assu-
med. In general, no specific correlations between certain
units were carried out, but the Vardar Ocean was used as
this single Tethyan ocean to which belong all oceanic
remnants in the Western Tethys south of the Pennini-
cum. In Dal Piaz et al. (1995) even the Pieniny Ocean
(that has a North Penninic position) was included in such
a Tethyan Vardar Ocean. Every oceanic remnants that are
today situated between the Pieniny Ocean and the Vardar
Ocean sensu stricto, consequently also the remnants of
the Meliata-Hallstatt Ocean, are in this model automati-
cally situated within the Vardar Ocean. In papers that did
not recognize the continuation of the Meliata-Hallstatt
Ocean until the Eastern Alps, the continuation of the Var-
dar Ocean until the Alps was assumed. Ophiolitic detritus
in the RoBfeld Formation, which was derived from the
south, was therefore originated from the Vardar suture zo-
ne (Faupl and Pober, 1991). As the source area of the
ophiolitic detritus in the Roffeld Formation are ophiolitic
bodies from the Meliata-Hallstatt Ocean, such hypothesis
about the derivation of this ophiolitic detritus from the
Vardar Ocean can be evaluated as an indirect correlation of
the Meliata-Hallstatt Ocean with the Vardar Ocean.

A modified correlation of the Meliata-Hallstatt Ocean
with the Vardar Ocean was presented by Tollmann
(1988). He correlated such units with the Meliata-Hall-
statt Ocean, its slopes and shelves that have an identical
event succession (e. g. the Kotel Zone with Middle Juras-
sic flysch containing blocks of pelagic Alpine Triassic).
As the Vardar Ocean has a totally different event succes-
sion with different opening and closing times, Tollmann
(1988) introduced for these units a hypothetical northern
branch (“Nordstamm”) of the Vardar Ocean. By this, he
preserved the correlation of the Meliaticum with the Var-
dar Zone, but de facto he correlated the Meliata-Hallstatt
Ocean, its slopes and shelves with units that originated
north of the Vardar Ocean.

Only Kovacs and his followers in Hungary correlated in
the last years repeatedly the Meliata-Hallstatt Ocean and
its slopes and shelves with the Vardar Zone sensu stricto,
Kovécs (1993) even with still more inwards situated Sub-
pelagonian units.

The Middle Triassic of the Vardar Zone consists mainly
of shallow water carbonates with widespread acidic to in-
termediate volcanism. Only in the innermost Vardar Zone
olistoliths of pelagic Ladinian siliceous limestones, sha-
les, cherts and above all pietra verde (acidic to intermedia-
te volcanoclastic beds) are known (Obradovi¢ and Gori-
¢an, 1988). Basic volcanism in basins within the Vardar
Zone began in the upper Carnian or Norian (after the end
of the sea-floor spreading in the Meliata-Hallstatt Ocean).
The sea-floor spreading with ophiolites began probably
later, during the Jurassic. As pointed out by Robertson
and Karamata (1994), the ophiolitic rocks of the Vardar
Zone of Serbia are largely undated, but ophiolitic basalts
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are locally dated as Callovian-early Kimmeridgian. Parts
of the ophiolites in the Vardar-Axios Zone are of Cretace-
ous age (e. g. Meglenitsa ophiolite, Robertson et al.,
1996).

Best dated are the ophiolites and accompanying radiola-
rites of the Vardar Ocean in the Izmir-Ankara Zone. Bra-
gin and Tekin (1996) reported radiolarites of late Norian,
Early Jurassic, Kimmeridgian-Tithonian, Early Cretace-
ous and Albian-Turonian ages. The outcrop of the upper
Norian and Liassic radiolarites has been re-studied. The
upper Norian radiolarites are filamentous radiolarites de-
posited above the CCD, in some blocks, they interfinger
with red, cherty limestones. Contemporaneous shallow
intra-platform basins with a restricted basin conodont fau-
na consisting exclusively of Mockina slovakensis (Ko-
zur) are also present in the Izmir-Ankara Zone (Kaya, Ko-
zur and Saddedin, in prep.). Consequently, in the Upper
Triassic a breaking up of a pre-existing (Middle Triassic)
carbonate platform is indicated. The Liassic to Bajocian
radiolarites are true oceanic radiolarites, partly intercalated
with black, siliceous manganese shales. Thus, the Liassic
(or Rhaetian) is the oldest age, from which oceanic sea-
floor spreading can be expected in the Vardar Ocean of the
Izmir-Ankara Zone. However, so far, Liassic radiolarites
were not found above ophiolitic basalts. In the contrast,
Upper Jurassic to Middle Cretaceous radiolarites are often
deposited above ophiolitic basalts.

Middle Carnian and younger cherty limestones, partly
connected with basic volcanism, are present mainly in the
inner part of the Vardar Zone, but in other parts also in
the Upper Triassic shallow water platform carbonates we-
re deposited. Upper Triassic pillow lavas and red radiolari-
tes of the Vardar Zone are so far only known from the in-
nermost Vardar Zone (Obradovi¢ and Gorican, 1988).
According to the new Triassic radiolarian zonation presen-
ted by Kozur Mostler (1994), one of the Triassic radiola-
rian faunas of the Diabase-Chert Formation of the inner-
most Vardar Zone, figured by Obradovi¢ and Gori¢an
(1988), has an upper Carnian to Norian age (only long-
ranging species of this time interval are present), the
other fauna has a Norian age (by Obradovi¢ and Gorican,
1988, these radiolarites were correctly dated as upper Car-
nian to Norian), all other radiolarian faunas from the Dia-
base-Chert Formation, as correctly indicated by Obradovi¢
and Gori¢an (1988), are of Jurassic age (Callovian to ear-
ly Kimmeridgian).

Obradovi¢ and Gori¢an (1988) figured also Lower Ladi-
nian radiolarians from the innermost Vardar Zone. Refer-
ring to this occurrence, Kovacs (1993, and in Haas et al.,
1995) reported the presence of Ladinian red radiolarites
above pillow lavas from the Diabase-Chert Formation of
the Vardar Zone to prove his preconception that the Me-
liata-Hallstatt Ocean is the prolongation of the Vardar
Ocean and has the same event succession with the same
time of sea-floor spreading. However, as correctly stated
by Obradovi¢ and Gori¢an (1988), the lower Ladinian ra-
diolarian fauna was not from the Diabase-Chert Forma-
tion, but from olistoliths of the “Porphyrite-Chert For-
mation” consisting of siliceous limestones, siliceous sha-

les, cherts, acidic to intermediate tuffs (of the pietra verde
type of the South Tethyan Buchenstein Beds) and acidic
to intermediate volcanics. This development is diametral-
ly different from the Ladinian ophiolites and cherts of the
Meliata-Hallstatt Ocean and not an evidence for the same
development in the “Neotethyan” Vardar and Cimmerian
Meliata-Hallstatt oceans, as pointed out by Kovacs
(1993). It confirms the long known different development
of the Meliata-Hallstatt and Vardar oceans.

Unfortunately, Kovacs’ obviously and intentionally
wrong quotations of correct statements by Obradovi¢ and
Gori¢an (1988) were overtaken by Trunko (1996) who
wrote: “In the Vardar Zone in former Yugoslavia there
are also red radiolarites of Ladinian-Carnian age overly-
ing some pillow lavas. In this way Kozur’s argument,
we could not link Meliata to Vardar, because oceaniza-
tion in Vardar would have only begun in the Jurassic,
evaporates.” It is not well understandable why Trunko
(1996) has overtaken the statements by Kovécs without
checking the source data an similar attempts to porove
his preconceptions are common in papers by Kovacs.

The subduction of the Meliata-Hallstatt Ocean and of
the Vardar Ocean did not only occur to different times, it
was also directed in opposite directions. The subduction
of the Vardar Ocean was northwards directed, in Greece,
Macedonia and Serbia northeastwards directed (in present
coordinates).

The Early Mesozoic development of the Vardar Zone is
diametrally different from the geologic evolution of the
Meliata-Hallstatt Ocean with Ladinian ophiolites and
cherts, and Middle Jurassic southwards directed subduc-
tion. For this reason, Kozur (1991a, b) and Kozur and
Mock (1995) correlated the Meliata-Hallstatt Ocean and
its slopes and shelves through the Kotel and Strandzha
zones with the Cimmerian Ocean (sensu Kozur, 1991a,
b) of northern Turkey (= Paleotethys sensu Sengdr, 1984,
1985) and its slopes and shelves.

The correlated units by Tollmann (1988) and Kozur
(1991a, b) are identical, because Tollmann assigned those
units to his hypothetical “Nordstamm” of the Vardar Oce-
an that were assigned by Kozur (1991a, b) into the Cim-
merian Ocean. In Plate 1 by Tollmann (1988) is clearly
to seen that he rooted the Kotel Zone and the Strandzha
nappes at the northern slope and shelf of his hypothetical
“Nordstamm” of the Vardar Ocean. His correlation Kotel
Zone—Transylvanian nappes—Silica Nappe—Hallstatt
Zone, is identical with the correlation by Kozur (19914,
b). But the use of the term “Nordstamm of the Vardar
Ocean” is very misleading as clearly to seen in Trunko
(1996) who wrote that “the Vardar Nordstamm of Toll-
mann (1987) [this paper appeared according to a personal
correcture of the author on the reprints in 1988] is ob-
viously part of the Vardar Zone s. 1. and not that of
a Cimmerian Ocean”. The Kotel Zone and other units
around the “Nordstamm of the Vardar Ocean” can be well
correlated with the Paleotethyan Cimmerian Ocean of
northern Turkey and not with the continuation of the Var-
dar Ocean in the Izmir-Ankara Belt. As in northern Tur-
key the Cimmerian Ocean and the Izmir-Ankara Belt fol-
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low in N - S direction separated by the Sakarya continen-
tal block, it is obvious that the Kotel Zone (oldest pela-
gic rocks are there of late Scythian age) is part of the
Cimmerian Ocean with totally different opening and clo-
sure times and successions as in the Izmir-Ankara Belt
(continuation of the Vardar Zone), in which the oldest pe-
lagic rocks are red radiolarites of late Norian age (Bragin
and Tekin, 1996).

Kovacs (1993) designated correlations of the Meliati-
cum and its shelves with the Kotel Zone (e. g. Tollmann,
1988; Kozur and Mock, 1987, 1988; Kozur, 1991a, b) as
an “absurdity”, because in the Kotel Zone a Middle Juras-
sic flysch (turbidites) is present, Triassic rocks do not
occur in situ, but in blocks within this Middle Jurassic
turbidites, and (in the present day distribution !) continen-
tal crust lies between the Kotel Zone and the Meliaticum
of the Inner Western Carpathians. Moreover, according to
Kovécs, such a correlation must go across the continental
crust of the Bukovinian and Subbukovinian nappes and
can be therefore excluded. The latter opinion is many ti-
mes repeated in the papers of Kovéacs, and also mentioned
by Trunké (1996). It is difficult to evaluate because it is
obviously based on a not explainable, basic misundersta-
nding of the Carpathian Triassic-Jurassic paleogeography
by Kovécs, because nobody wanted to correlate the Melia-
ta-Hallstatt Ocean with the outermost Carpathians, the
Scythian Platform or the Ukrainian Shield and only in
such cases a crossing of the depositional area of the Bu-
kovinian and Subbukovinian nappes would be necessary.
As well recognizable in Plate 1 by Tollmann (1988), the
connection of the Meliata-Hallstatt Zone with the Kotel
Zone must go in all possible correlations along the inner
side of the Bukovinian and Subbukovinian nappes, both
in the case as this zone is regarded as part of the Paleotet-
hyan Cimmerian Ocean (e. g. Sengor, 1984, 1985; Ko-
zur, 1991b) or as part of the “Nordstamm” of the Vardar
Ocean (Tollmann, 1988).

According to Kovacs (1993) the presence of Middle Ju-
rassic flysch (turbidites, olistostromes) excludes the Kotel
Zone from Alpine Triassic and Jurassic that is according
to him more or less identical from the Alps until China.
Therefore, he regarded the development of the Kotel Zone
as “non-Alpine”, despite the fact that the presence of
Middle Jurassic turbidites in the Paleotethys from the
Pontides in the west to China in the east was already de-
monstrated by Sengdr, 1984, 1985, and the presence of
Middle Jurassic turbidites of the Meliaticum with blocks
of pelagic Triassic was published by Kozur and Mock
(1985), Kozur (1991a, b) and Vozarova and Vozar (1992)
for the Western Carpathians and by Kozur and Mostler
(1992) and Mandl (1992) for the Eastern Alps within the
classical area of the Alpine Triassic.

The presence of Middle Jurassic turbidites of the Melia-
ticum accretionary complex with blocks of deep-water,
partly oceanic Triassic is the most characteristic tectono-
facies for the Early Mesozoic oceanic development in the
Inner Western Carpathians (and eastern part of Eastern
Alps). Thus, the presence of this facies (which is un-
known from the Vardar Zone and southwards adjacent oce-

ans) in the Kotel Zone is an evidence for the continuation
of the Meliaticum and its shelf development into this area
and does not exciude such a correlation as assumed by
Kovics (1993) connected with polemic against this corre-
lation.

For the correlation of the Meliata-Hallstatt Ocean with
eastern parts of the Western Tethys, the comparison of
the geological evolution (event succession) of the compa-
red units is very important. The presence of certain rock
types without their context in the geological evolution,
is of minor importance. Hallstatt Limestones, for instan-
ce, are also present in the Subpelagonicum, and for Ko-
vacs (1993) this presence of Hallstatt Limestones is an
important evidence for the correlation of the Meliata-Hall-
statt Zone with the Subpelagonicum (“Maliak Ocean”)
and zones with Hallstatt Limestones within the Dinarides
(Bosnian Zone). However, in the outer shelves of the
Subpelagonicum, Hallstatt Limestones (often deposited
above intermediate volcanics or tuffs), occur from the up-
per Scythian or Anisian up to the Cordevolian and are
overlain by shallow water carbonates. In the northern ou-
ter shelf of the Meliaticum, the Hallstatt Limestones
occur in the upper Carnian and Norian overlying shallow
water carbonate platforms. Thus, the event succession is
basically different.

There is no tectonic unit in the Dinarides, Hellenides
and in the Vardar-Axios Zone from Slovenia to Greece
that has the event succession of the Meliata-Hallstatt
Ocean, its slopes and shelves. But this area is extremely
shortened and several units may be totally overthrust and
not present at the surface as to seen in the Olympos win-
dow. Therefore, the continuation of the Vardar Zone and
northwards adjacent zones in Turkey are better suited for
correlation of the Meliata-Hallstatt Ocean, its slopes and
shelves. There, the remnants of the Vardar Ocean are ex-
posed over a very long distance in the Izmir-Ankara Zone
and the remnants of the Cimmerian Ocean north of the Iz-
mir-Ankara Zone are also well exposed, but unfortunately
stratigraphically not well investigated.

As shown in all reliable reconstructions of the Early
Mesozoic paleogeography of Turkey, at least three ocea-
nic basins were present from S to N, the Antalya Zone as
continuation of the Pindos Zone, separated by the conti-
nental block of Menderes-Taurides from the Izmir-Ankara
Zone (continuation of the Vardar Zone), followed by the
Sakarya continental block and the Paleotethys or Cimme-
rian Ocean as the northernmost oceanic realm consisting
of two basins.

Only Kovacs (1993), who never worked in Turkey, in
the Vardar Zone or other units that he so often correlated
in his reconstructions, presented reconstructions from lite-
rature compilations that contradict all geological data in
the correlated units. For instance, Kovacs (1993) construc-
ted a Sicilian-Aegean ocean on the base of assumed sub-
duction-related turbidite-olistostrome units. However, the
compared units have totally different ages and are also ge-
netically very different, as the Lercara Formation in Wes-
tern Sicily (Lower Permian), the Mufara Formation of
the same area (not a subduction related turbidite-olisto-



200 Mineralia Slovaca, 29 (1997)

strome unit, but distal Raibl Beds of middle Carnian age);
the Monte Facito “Formation” of the Lagonegro Basin,
in its type area a siliciclastic, partly turbiditic and olisto-
stromal Olenekian (upper Scythian) deepening upwards
sequence without any relation to subduction, in
other areas likewise not subduction-related Middle Trias-
sic to middle Carnian basinal to slope sequences with
volcanics were also assigned to the Monte Facito Forma-
tion; Lower Triassic turbidites and olistostromes of the
Phyllite Group of Crete Island; and the Upper Triassic
turbidite and olistostromes of the closing Karakaya Basin
of northwestern Turkey. This “Aegean-Scilian” Ocean
sensu Kovacs (1993) crossed not only his Hallstatt-Oman
Ocean (an other hypothetical ocean sensu Kovics that
was also based on wrong correlations and misunder-
standing of the literature), but openend and closed to to-
tally different times (e. g. pre-Permian opening in Sicily
and closure in post-Serravallian time, and Late Permian
opening and upper Norian closure in the Karakaya Com-
plex of northern Turkey). Even faunistically, there are ve-
ry big differences within this “ocean” and its assumed
shelves, for instance the upper Dorashamian Cariver-Fol-
licucullus-Ishigaconus radiolarian fauna of Sicily (Kozur,
1993a) and the contemporaneous, but totally different
Imotoella excelsa-1. levis radiolarian fauna from the Kara-
kaya Complex (Kozur, in press), or the typical South
Tethyan Ladinian-Cordevolian Pseudofurnishius conodont
faunas of western Silicy and the Northern Te-thyan cono-
dont faunas of the Karakaya Complex. He presented diffe-
rent paleogeographic variants, from which none is worth
to be discussed in detail, because all contain assumptions
that are not in agreement with any field observations or
published data. In his first variant he showed a Triassic
opening of the “Neotethys” to which he assigned also the
Meliata-Hallstatt Ocean with a Middle Jurassic closure
(the time of the strongest sea-floor spreading or opening
in most “Neotethyan” oceanic branches). This “Neote-
thys” sensu Kovacs (1993) runs from the Meliata-Hall-
statt Ocean through the “Maliak Ocean” towards Oman
and a large part of this “Neote-thys” opened inside of, and
under an large angle to the “Palaeotethys”. In a second va-
riant he connected this “Neotethys” north of the Menderes
Massif to Oman and in a third variant this connection
runs south of the Menderes Massif, and the Karakaya Zo-
ne was placed imme-diately north of the Menderes Mas-
sif. In all his reconstructions the Karakaya Zone was con-
nected with a Vardar-Axios Zone including the Subpela-
gonicum that he rooted NE of Almopia.

Independently from such “outstanding” reconstructions
as presented by Kovacs (1993), there are differences in the
evaluation of the “Paleotethys” in serious papers indica-
ting a lack in stratigraphic data that opens the possibility
for totally different interpretations.

According to Sengor and Yilmaz (1981) and Sengor
(1984, 1985), the Karakaya back-arc basin opened during
the Upper Permian to lowermost Triassic due to south-
wards directed subduction of the “Paleotethys” in the
north (assumed typical development in the Kiire Com-
plex). During the Upper Triassic, the continuing south-

wards directed subduction of the “Paleotethys” and the
southwards directed subduction of the Karakaya back-arc
basin caused the opening of the “Neotethys” in the south.

According to Demir and Ozgelik (1987) there was one
ocean south of the Zonguldak Paleozoic complex that clo-
sed in pre-Upper Triassic time. During the Upper Trias-
sic, one “Neotethyan” Ocean opened. The Beykoz Group
in the Pontides and the Sazak Group on Sakarya belong
to the shelf of this ocean. By the opening of this ocean
(oceanic sea-floor spreading began according to this model
in the Liassic) the accretionary complex (with remnants
of old crust) of the pre-Upper Triassic ocean was subdivi-
ded into a Pontide part (Bekirli Group) and a Sakarya part
(Karakaya Complex, not mentioned). The northwards
directed subduction of this ocean began in the Middle Ju-
rassic, connected with granitic intrusions, and continued
during the Cretaceous. This subduction caused the ope-
ning of the Black Sea back-arc basin. The collision of the
Pontide and Sakarya blocks was in pre-Maastrichtian
time.

According to the opinion of Ustadmer & Robertson
(1994, 1995), the Karakaya Complex was regarded as the
remnant of the main “Paleotethyan” Ocean, but they as-
sumed a northward-directed subduction of the Karakaya
“Paleotethys” and by this the Kiire back-arc basin was
opened during the Permian that closed during the Upper
Triassic to Middle Jurassic. However, in Pickett and Ro-
bertson (1996) the southward directed main subduction of
the Karakaya Ocean was recognized that followed accor-
ding to these authors after the northwards directed subduc-
tion. An aborted northwards directed subduction before the
main southwards directed subduction may be present, but
it did surely not cause the opening of a Permian Kiire
back-arc basin because the Karakaya basin did not open
before the earliest Triassic or latest Permian as correctly
assumed by Jengdr since many years (see above). Moreo-
ver, the pillow lavas of the Kiire Complex were dated
(Aydin et al., 1995) with 170+ Ma (Middle Jurassic)
what excludes a relation to an assumed Permian opening
as back-arc basin.

As pelagic Permian deposits were unknown from the
Karakaya Complex prior 1994, when Kozur and Kaya
(1994) reported pelagic upper Dzhulfian (upper Wuchia-
pingian) and Dorashamian (Changxingian) conodonts
from the Karakaya Complex and Okay and Mostler
(1994) assumed erroneously the presence of Lower Per-
mian red radiolarites in the Karakaya Complex, Ustadmer
and Robertson (1995) explained the exclusive occurrence
of shallow water Permian limestones by the presence of
Permian sea-mounts that can be, however, excluded for
facial reasons (see below). Pickett and Robertson (1996)
used the wrong stratigraphic data by Okay and Mostler
(1994) and believed therefore the presence of Lower Per-
mian radiolarites (see below). The Permian shallow water
carbonate platform sediments were in that paper explained
as carbonate platforms on Gondwanan continental slivers
seemingly because they found a clastic terrigenous base
of the Middle Permian shallow water carbonates. This ex-
planation would be in good agreement with the facies of
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these platform sediments, but it contradicts totally the
distinctly northern character of the Permian fauna (Leven
and Okay, 1996, Kozur, in press, see below).

Also according to Okay and Mostler (1994), Leven and
Okay (1996) and Okay et al. (1996), the Karakaya Ocean
was the main “Paleotethys”, open during the entire Late
Paleozoic and closing during the Triassic. They assumed
a southwards directed subduction of this “Paleotethys”,
but they did not recognize any ocean north of the Kara-
kaya Basin, such as the “Paleotethys” sensu Sengdr or
the Kiire back-arc basin sensu Ustadmer and Robertson
(1994). The base for the assumption that the Karakaya
Complex was the remnant of the big Paleotethyan Ocean
open since at least the Carboniferous was the presence of
a block of beige weathered limestone with pinkish chert
nodules and thin chert layers with Bashkirian conodonts
in the Hodul Unit, and of a block of “Sakmarian-Artin-
skian” red radiolarites in the Cal Unit that were regarded
as the sedimentary base of the Cal Unit probably above
oceanic crust. However, as shown below, the entire hy-
pothesis is based on a wrong age determination of the ra-
diolarite that is in reality of late Dorashamian (latest Per-
mian) age. The pelagic cherty limestone of Bashkirian
age was also re-studied and the (Early) Bashkirian age
could be confirmed. However, in the Karakaya Complex
pelagic limestones, partly also lydites of Silurian to
Bashkirian age are present that belong to a pre-Cimme-
rian (Hercynian) cycle that caused partly also low grade
and medium to high grade metamorphism, whereas in
other parts the Early Paleozoic to Middle Carboniferous
rocks are unmetamorphic. Between the Bashkirian and la-
test Dzhulfian pelagic limestones (Kozur and Kaya,
1994), no pelagic deposits are present in the Karakaya
Complex. From this stratigraphic interval only shallow
water platform carbonates are known that have mostly
a Guadalupian age, subordinately Moscovian, Gzhelian
(7), Asselian, Sakmarian and Artinskian ages (Leven and
Okay, 1996).

According to our new results in the Karakaya Zone and
in the Kiire Complex that were got in cooperation with
Prof. C. Gonciioglu, Ankara, Prof. O. Kaya, Izmir, a team
of the Turkish Petroleum Company (Dr. M. Aydin, Dr. O.
Demir, Dr. F. Kuru and Dr. H. Yakar) and Dr. K. Tekin,
MTA, Ankara, the Karakaya Ocean opened in the latest
Permian as assumed by Sengor (1984, 1985) and for the
first time fossil-proven by Kozur and Kaya (1994). In the
northern marginal part of the Karakaya Zone (e. g. around
Igdir) the opening was within the lower Scythian. There,
the lowermost Scythian begins with shallow water depo-
sits, including conglomerate layers that do not contain
any marine Permian rocks. Within the lower Scythian, a
rapid deepening occurred and the Dienerian (upper part of
lower Scythian) yielded already pelagic conodonts and ra-
diolarians (Kozur et al., 1996). In this area, Permian
blocks are also missing in the Upper Triassic turbidite-
olistostrome sequence, and therefore it is probably that in
this northern marginal part of the Karakaya Zone a gap
was present in the entire Permian, as in the adjacent
Istanbul block.

Pre-Upper Permian pelagic rocks in the Karakaya Zone
are olistoliths from the pre-rift basement (own data from
Silurian, Devonian and Lower Carboniferous pelagic li-
mestones with conodonts and radiolarians, and lower
Bashkirian beige pelagic limestones with pink chert no-
dules and layers, Okay and Mostler, 1994 and own data)
and belong to the Hercynian orogenetic cycle. Predomi-
nantly Middle Permian platform carbonates (Leven and
Okay, 1996) are common in the Karakaya Zone. Like the
lower Anisian platform carbonates in the Meliaticum,
they are not in situ, but blocks in the turbidites-olisto-
stromes of the accretionary complex (in the Karakaya Ba-
sin of Late Triassic age) or in (? Middle Triassic) volca-
niclastic sequences. For the turbidites and olistostromes
of the accretionary complex and for the volcaniclastic se-
quences different names were used in some papers, such
as Bahcgecik Formation, Cal Unit, Hodul Unit, Kendirli
Formation, Niliifer Unit, Olukman Formation, Orhanlar
Greywacke, Ortaoba Unit (Kogyigit et al., 1991; Okay et
al., 1991; Altiner and Kogyigit, 1993; Okay and Mostler,
1994; Okay et al., 1996; Picket and Robertson, 1996).
The dating of these units is mostly very bad.

The Hodul Unit (? = Kendirli Formation, the olisto-
stromal upper part may correspond to the Olukman For-
mation by Kogyigit et al., 1991; Altiner and Kogyigit,
1993) is largely upper Carnian and lower Norian accor-
ding to the occurrence of Halobia styriaca (Mojsisovics),
H. suessi Mojsisovics and other Halobia species, as well
as some ammonoids in shales and sandstones.

The age of the Orhanlar Greywacke is unknown. The
matrix is so far undated, but the blocks consist mainly of
Lower Carboniferous and older limestones and lydites.
Only south of Mustafakemalpasa (south of the Marmara
Sea) upper Guadalupian to lower Dzhulfian shallow water
limestone blocks occur in olistostromes that are accor-
ding to Leven and Okay (1996) similar to the olistostro-
mes in the upper part of the Hodul Unit. In this latter
area, the Orhanlar Greywacke may be the lateral equiva-
lent of the Hodul Unit. However, those parts of the Or-
hanlar Greywacke, in which the olistoliths consist exclu-
sively of Lower Carboniferous and Upper Silurian-Lower
Devonian limestones as well as Silurian to Carboniferous
lydites, may be also a Lower Carboniferous Hercynian
flysch.

The phyllites, conglomerates and recrystallized limesto-
nes of the Kalabak Unit may be a pre-Karakaya unit as
discussed by Pickett and Robertson (1996).

The volcaniclastic debris flows of the Cal Unit
(= Bahegik Formation by Kogyigit et al., 1991; Altiner
and Kogyigit, 1993) SE of Can were regarded as Upper
Permian by Okay and Mostler (1994), Okay et al. (1996)
and Leven and Okay (1996) on the base of undated limes-
tone clasts that were regarded as Upper Permian. Howe-
ver, our investigation of these limestones in the locality
with “Lower Permian” radiolarites (see below) yielded up-
permost Scythian conodonts for the unmetamorphic li-
mestones, whereas the low grade metamorphic limestones
did not yield fossils. As the unmetamorphic radiolarite
blocks have an uppermost Permian age (see below), the
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metamorphic limestones are probably Hercynian meta-
morphites. The basic volcanics and volcaniclastic debris
flows, however, are in this locality of Middle Triassic,
and not of Late Permian age. Upper Scythian (upper Ole-
nekian) basic volcanics (in general amygdoidal basalts)
are also common in the Karakaya Complex (Wiedmann et
al., 1992). “Sakmarian-Artinskian” red, partly greenish
radiolarites of the Cal Unit, that would be a convincing
evidence for a continuous Late Paleozoic deep-water or
even oceanic succession (Okay and Mostler, 1994; Okay
et al., 1996; Leven and Okay, 1996, Pickett and Robert-
son, 1996), were re-investigated and yielded upper Dora-
shamian radiolarians (in all parts of the block) of the
Imotoella excelsa-1. levis fauna, which is totally different
from the contemporaneous South Tethyan Ishigaconus
scholasticus-Cariver-Follicucullus-Lacisus radiolarian fau-
nas of western Sicily (Kozur, 1993a, and in press, Kozur
and Tekin, in prep.). This radiolarian fauna is both im-
portant for the dating of the latest Permian opening of the
Karakaya Basin and for paleogeographic reconstruc-
tions because it indicates that during the Upper Permian
no open marine connection between the northern and
southern Tethys was present. It is very interesting that all
well dated Dorashamian rocks of the Karakaya Zone are
pelagic limestones and radiolarites (Kozur and Kaya,
1994; Kozur, in press); only one sample of shallow water
limestone is so far known that “can be assigned to the
Dorashamian Stage with some degree of certainty” (Leven
and Okay, 1996, p. 157). In the contrast, all pre-Dzhul-
fian limestones are shallow water platform carbonates. In
the Dzhulfian, there are pelagic limestones, (reef) slope
limestones and rarely shallow water platform carbonates.
Obviously, a Middle Permian carbonate platform was
broken up during the Dzhulfian, and in the Dorashamian
already pelagic conditions prevailed. Therefore, the view
of Ustadmer and Robertson (1995) that the Permian shal-
low water Iimestones of the Karakaya Zone were derived
from intra-oceanic seamounts cannot be confirmed. Also
the wide distribution of these predominantly Middle Per-
mian shallow water limestones within the Karakaya Zone
over a distance of more than 1000 km speaks against the
view that these limestones represent deposits from sea-
mounts, the more, as no Middle Permian pelagic rocks or
slope sediments were found in the Karakaya Zone. Becau-
se of these obvious inconsistencies, this model was aban-
doned by Pickett and Robertson (1996) and the Permian
shallow water carbonate platform deposits were regarded
as platform carbonates from continental blocks that drif-
ted away from Gondwana.

The very local Ortaoba Unit with basalts, grey radiola-
rites and sandstones is totally undated and it is even not
clear that it belongs to the Karakaya Complex.

The Niliifer Unit (low grade metamorphic basalts, vol-
caniclastic debris flows, recrystallized limestones is main-
ly of middle Triassic age according to the age of the meta-
morphic limestones (lowermost Ladinian by Kaya and
Mostler, 1992), but a Cordevolian part is surely also pre-
sent, because the youngest metamorphic limestones have
a Cordevolian age (Kozur and Kaya, in prep.). However,

there are also Hercynian low grade metamorphic sequen-
ces of the same lithology that are partly also assigned to
the Triassic Karakaya Complex.

Because of the very bad dating of the most units, the
Karakaya Complex is herein used undivided for the Cim-
merian sequences of NW Turkey with oldest pelagic rocks
in the uppermost Permian (or, in the north, in the lower
Scythian), Lower and Middle Triassic volcanosedimentary
sequences with pelagic grey and red limestones, partly of
Hallstatt Limestone type or ammonitico rosso, radiolari-
tes, and olistoliths of predominantly Middle Permian
shallow water carbonates and uppermost Permian pelagic
limestones. Middle Carnian to Norian siliciclastic turbidi-
tes and olistostromes with olistoliths or large blocks of
predominantly Middle Permian shallow water carbonate
platform limestones, Dzhulfian shallow water and slope
limestones, Dorashamian grey pelagic limestones and red
radiolarites, Lower and Middle Triassic pelagic limestones
and basic volcanics are widest distributed within the Cim-
merian Karakaya accretionary complex.

The presence of (Permian-) Triassic ophiolites became in
the last time doubtful. Ophiolitic rocks that were formerly
assigned to a Permo-Triassic obduction of ophiolites from
the Karakaya Ocean (Okay et al., 1991), were proven to be
emplaced during the Late Cretaceous (Okay et al., 1996),
and therefore do not belong to the Karakaya Basin.

The closure of the Karakaya Basin was within the Up-
per Norian. The youngest fossils of the Karakaya flysch
matrix are lower and middle Norian halobiids and ammo-
noids, the oldest fossils from the unconformably overly-
ing beds were proven by Kuru (in press) as Rhaetian.
Both the opening and the closure time of the Karakaya
Basin are in full agreement with former assumptions by
Sengdr and Yilmaz (1981) and Sengor (1984, 1985). The
subordinate occurrence of radiolarites and the newest re-
sults that most of the ophiolites, so far assigned to the
Karakaya Complex, are younger and were emplaced du-
ring the Upper Cretaceous (Okay et al., 1996) speaks
against those hypotheses that work with a large “Paleo-
tethyan” Karakaya Ocean of Late Paleozoic and Triassic
age. Seemingly only a narrow Triassic oceanic belt was
present. The short time interval with pelagic rocks (la-
test Permian to Late Triassic) and basic volcanics (pro-
ven Late Scythian to Cordevolian, may be latest Permi-
an to Cordevolian) favours also a narrow oceanic basin
what is in good. agreement with the view of Sengor
(1984, 1985).

The “Paleotethyan” succession of the Kiire Complex
was lithostratigraphically subdivided by Aydin et al.
(1995) in the low grade metamorphic Bekirli Group con-
sisting of basic volcanics, tuffs and above all in the upper
part shales and some recrystallized limestones, and the
overlying umetamorphic or very low grade metamorphic
Akgol Formation, partly also named as Akgol flysch. The
Bekirli Group was assigned to the Late Paleozoic-Middle
Triassic on the base of fossil dated Middle Triassic limesto-
nes in the uppermost part of the Bekirli Formation. Howe-
ver, restudy of the “interfingering” of Middle Triassic li-
mestones in the uppermost Bekirli has shown that these



H. Kozur and R. Mock: New paleogeographic and tectonic interpretations in the Slovakian Carpathians 203

shallow water limestones are pressed, but unmetamorphic
and tectonically sliced into the low grade metamorphic Be-
kirli Group. These Middle Triassic shallow water limesto-
nes (typical North Alpine succession with black “Guten-
stein” Limestone and light-coloured Steinalm Dolomite)
are underlain by hypersaline beds with “rauhwackes”, shal-
low marine Werfen beds and shallow marine to continental
sandstones of Alpine Buntsandstein type. Directly on the
Bekirli Group a Scythian basal conglomerate is present
that contains mostly quartz pebbles from the underlying
metamorphics, but also few pebbles of unmetamorphic do-
lomite that are probably of Middle-Late Permian age.

The Lower and Middle Triassic shallow water rocks we-
re assigned as Sir¢alik Formation to the Bekirli Group by
Aydin et al. (1995). However, they are not intercalations
in the upper part of the Bekirli Group, but follow uncon-
formably over low grade metamorphic rocks of the Bekir-
li Group. Consequently, they are separated from the Be-
kirli Group, but the name Sirgalik “Formation” can be
preserved. Compared with the North Alpine equivalents,
it is rather a group with several distinct formations.

The Bekirli Group is intruded by Hercynian granites. It
represents a Hercynian basement. Thus, a large part of the
“Paleotethys” of the Kiire Complex is in reality a low
grade metamorphic Hercynian unit with Hercynian grani-
tes. A short marine shallow sea ingression was present
within the (Middle-Late) Permian, the Triassic started
with a basal conglomerate which is followed by a typical
North Alpine Scythian-Anisian shallow water sequence
(Sirgalik Group).

The Akgdl “Formation” of Aydin et al. (1995) con-
tains three different units: A thick unaltered pillow lava
sequence nearly without sedimentary intercalations, a si-
liciclastic turbidite-olistostrome flyschoid sequence and
a molasse type shallow water sandstone-siltstone-shale
sequence with some conglomerates. The pillow lavas are
part of an oceanic or suboceanic sea-floor, as the slivers
of ophiolites that were obducted either directly on the
Middle Triassic shallow water limestones or are tectonic
slivers or big blocks within the Akgdl Unit. According
to Aydin et al. (1995), the basalts have a K-Ar age of
170 £ 7 Ma (Middle Jurassic). However, there are also
basalt and ultrabasite clasts in Norian turbidites-olistost-
romes of the Akgol Unit that must have a pre-Norian in
age. As the basalt clasts are unaltered, they are younger
than the low grade metamorphic Hercynian basic volca-
nics of the Bekirli Formation. According to Ustadmer
and Robertson (1994), the basalts have a supra-subduc-
tion zone chemistry.

The thick turbidite-olistostrome part of the Akgsl Unit
consists of siliciclastic turbidites, mainly graded siltsto-
nes and shales, and olistostromes. According to Ustadmer
and Robertson (1994) the chemistry of the sediments plot
mainly in the active margin (island arc) field, some plot
in the passive margin field. Rich trace fossil associations
show rather deep water, but no bathyal-abyssal environ-
ments below the CCD. This is also indicated by an often
present carbonate content in the matrix. As the youngest
olistoliths are pelagic lower Ladinian limestones, the ol-

dest age of the Akgdl flysch is apparently Upper Triassic.
This age is also indicated for a part of the turbidite-olisto-
strome sequence that contain an enigmatic fossil (Kozur
and Tekin, in prep.) that is in the Antalya nappes in sou-
thern Turkey indicative for Norian age. The upper part of
the Akgol flysch is surely Lower or Middle Jurassic.

The shallow water upper part of the Akgol Unit dis-
plays molasse character. It is not yet well dated, but part-
ly overlain by Upper Jurassic beds. Thus, the upper age
range of the upper Akgol Unit seems to be Middle Juras-
sic. In the Kiire area, the upper part of the Akgol Unit
may transgressively overly the Middle Triassic shallow
water platform carbonates (Sircalik Group), or even the
Bekirli Group, but often they lay tectonically above these
units.

The Kiire Complex consists therefore of two units: (1)
A Hercynian basement (Bekirli Group), transgressively
overlain after a short Middle or Upper Permian shallow
marine ingression by a Scythian-Middle Triassic (Anisian
to lower Ladinian) shallow water sequence (Sircalik
Group) that is overlain by the transgressive proximal up-
per molasse part (Jurassic) of the Akgol succession that
contains only pebbles of local rocks from the underlying
Bekirli and Sirgalik groups. This unit is named herein as
the Kiire Ridge. It separates the Kiire Basin in the north
from the Karakaya Basin in the south. (2) Obducted
ophiolites and Middle Jurassic basalts in a flyschoid sequ-
ence of turbidites and olistostromes of the Akgol succes-
sion (Karadagtepe Formation), overlain as well by the
molasse part of the Akgol succession. This second unit
belongs to the supra-subduction Kiire Basin, but contains
also rocks from the pre-existing Paleotethyan Proto-Black
Sea Basin (Kozur et al., 1997).

The Karadagtepe Formation (for Karadagtepe Member
of Aydin et al., 1995) contains exclusively exotic clasts
consisting of small clasts of unmetamorphic (lower) Ani-
sian lydites, red radiolarites of unknown, but pre-Upper
Triassic age, pre-Upper Triassic basalts, and above all of
partly big blocks of an breaking up Anisian carbonate
platform with pelagic limestones as old as the earliest
Anisian Chiosella timorensis Zone.

The olistoliths within the flyschoid turbiditic-olisto-
stromal Karadagtepe Formation of the Akgol Unit indica-
te much of the Cimmerian evolution of the slope toward
a northwards adjacent ocean (Kozur et al., 1997). An up-
per Scythian to.Pelsonian (Middle Anisian) breaking up
of a shallow water carbonate platform is indicated by the
presence of shallow water, slope and basinal limestones
of this age. In the Anisian basinal limestones, paleo-
psychrospheric ostracods begin in the early Anisian Neo-
gondolella regalis Zone. Since that time, the deposition
area of these limestones was included in the realm with
cold oceanic bottom water currents and must be therefore
near to an open ocean.

The reconstructed succession from these exotic pebbles
is very similar to the Meliaticum sequence. Different is
the somewhat earlier opening and the beginning of the
turbidites in Norian, but an earlier opening and earlier be-
ginning of the subduction is a general feature for the eas-
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tern part of the Paleotethyan Cimmerian Ocean that beco-
mes broader toward the east. Very similar and partly iden-
tical is the development in the Kotel Zone and in the
Dobrogea.

In an originally more northern development, the molas-
se type upper Akgol Unit is conformably or paraconfor-
mably overlain by Upper Jurassic and Lower Cretaceous
turbidites and olistostromes. This sequence together with
the underlying equivalents of the Akgol Unit were named
as Beykoz “Formation” by Aydin et al. (1995). This Bey-
koz Unit (including the equivalents of the Akgdl Unit)
contains rather different olistoliths compared with those
from the Kiire Basin. There are common and partly large
olistoliths of the Zonguldak Paleozoic including unaltered
Upper Devonian and Lower Carboniferous shallow water
limestones and continental Upper Permian and Lower
Triassic red sandstones and conglomerates. The Zongul-
dak Paleozoic corresponds to southern marginal parts of
the Scythian Platform as assumed by Okay et al. (1994)
for the Istanbul block to which the Zonguldak Paleozoic
was so far erroneously assigned. The presence of partly
large blocks of these extra-Tethyan rocks in the Beykoz
Unit, but its absence in the Akgol Unit of the Kiire Basin
indicate a more northern source area of the rocks in the
Beykoz Unit compared with the Kiire Basin. This is inso-
far interesting as in the Beykoz Unit also olistoliths of
Permian limestones are present. They consist partly of
shallow water limestones, mostly of the shelf edge, but
partly also of slope limestones and basinal limestones.
The dated Permian rocks belong to the Guadalupian Seri-
es and subordinately Dzhulfian-Dorashamian rocks may
be also present. For some pelagic rocks only a broad age
determination as Upper Carboniferous to Permian could
be given, but partly the base of slope limestones contain
also Guadalupian shallow water fossils. The basinal Up-
per Carboniferous to Permian (probably also Guadalu-
pian) limestones contain pelagic free-swimming Ostraco-
da (Myodocopida) that belong mostly to the often bathy-
pelagic Cypridinidae, whereas paleopsychrospheric ostra-
cods, indicating a broad, open connection to the world
ocean were not yet found. These mainly Guadalupian li-
mestone olistoliths are in their age and facies very similar
to the Permian olistoliths from the Tauridian flysch of
SE Crimea on the other side of the Black Sea (Miklucho-
Maklay and Miklucho-Maklay, 1966). Very characteristic
are shallow water limestones with ammonoids that conta-
in no conodonts. Prof. JU. Zakharov, Vladivostok gave
one of the authors, ammonoid-bearing limestones from
blocks of the Tauridian flysch in Crimea. They had exact-
ly the same facies and contained only very much shallow
water fossils, but no conodonts, even not shallow water
conodonts. The same facies was found in an olistolith
from the Beykoz Unit. It is very interesting that even pe-
lagic beds, both basinal and calcarenitic slope limestones
that yield in Sicily often more than 1000 Permian cono-
donts per kg sample weight, have not yielded any cono-
donts. Also the ostracod fauna of the basinal facies is ve-
ry curious consisting only of Myodocopida (mainly Cyp-
ridinidae) and few Cladocopida (Polycopidae). Additional-

ly, an Upper Carboniferous Streptognathodus (conodont)
was found.

In any case, there was a pelagic basin north of the Kiire
Basin or, more probably, the Kiire Basin was a supra-sub-
duction basin that opened at the southern margin of this
northern basin. It is named by Kozur (in press) as Proto-
Black Sea Basin. Only for this basin the term Paleotethys
sensu stricto could be applied. For the moment is not
clear, whether this basin was a remnant ocean of a Hercy-
nian ocean and the Guadalupian shallow water (mostly
the fauna of the shelf edge, often with corals), slope and
basinal limestones indicate the widening of the basin by
down-faulting of its margin, or whether these rocks indi-
cate the breaking up of a shallow water carbonate plat-
form during the Guadalupian. In both cases, the pelagic
rocks from olistoliths in the Beykoz Unit are the oldest
pelagic Permian rocks in Turkey. An Upper Permian be-
ginning of the southwards directed subduction of this
oceanic basin (Proto-Black Sea Basin), which lead to the
opening of the Karakaya back-arc basin, is possible. In
this case the view of Sengér & Yilmaz (1981) and $Sen-
gor (1984, 1985) that the Karakaya Basin is the back-arc
basin of the southwards subducted Paleotethys would be
fully confirmed. In any case, the model of Sengér and
Yilmaz (1981) and Sengor (1984, 1985) is the only mo-
del that fits with paleontological data. It must be only
a little modified (Kozur, in prep.).

According to this modified model an oceanic basin
(Proto-Black Sea Basin) existed in the Late Paleozoic and
Early Mesozoic immediately south of the Scythian plat-
form (stable Eurasia). This ocean was probably a remnant
basin of a Hercynian ocean. During the Middle Permian,
an extensional regime prevailed and the Proto-Black Sea
Basin became broader by down-faulting of the carbonate
platform at the northern margin (? and southern margin)
of the ocean. Probably in the Upper Permian, a south-
wards directed subduction began that lead to the opening
of the Karakaya back-arc basin in the uppermost Permian.
During the Late Scythian and the Middle Triassic, the
Kiire Basin came into the existence on the southern shelf
of the Proto-Black Sea Ocean, indicated by the down-faul-
ting of the carbonate platform south of the Proto-Black
Sea Ocean. Flysch sedimentation began in the Upper
Triassic (Akgol and Beykoz units) and supra-subduction
basalts (and ophiolites ?) were produced in the Lower and
Middle Jurassic. By this latter event, the united sedimen-
tation area of the Akgol and Beykoz Unit at the southern
margin of the Proto-Black Sea Ocean was disrupted in the
sedimentation area of the Akgdl Unit at the southern mar-
gin of the Kiire Basin (slope of the Kiire Ridge) and the
Beykoz sedimentation area at the northern margin of the
Kiire Basin. At the end of the Middle Jurassic, the Proto-
Black Sea Ocean was totally subducted and with the arri-
val of the southern margin of the Scythian platform at
the northern margin of the Kiire supra-subdcution basin
(Beykoz Unit sedimentation area), the northwards directed
subduction of the Kiire Basin began. This subduction cau-
sed during the Cretaceous the opening of the Black Sea.
As the Black Sea rift was somewhat oblique to the nor-
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thern margin of the Kiire Basin, the Black Sea rift was
partly situated within the southern marginal part of the
Scythian Platform, partly within the Beykoz sedimenta-
tion area. For this reason, in the western part of the midd-
le Pontide region remnants of the Scythian Platform
(Zonguldak Nappe) can be found, whereas in the southe-
astern Crimea the Beykoz Unit occur with the same
Middle Permian shallow water, slope and pelagic limesto-
ne ollistoliths as in the middle Pontides. During the ge-
nerally southwards directed nappe thrusting in connection
with the “Neotethyan” closing in the Izmir-Ankara Zone,
the remnants of the Kiire Basin were thrust on the nort-
hern part of the Kiire Ridge, whereas the Zonguldak Nap-
pe thrust over a part of the Beykoz Unit.

In the western continuation of the Kiire Basin (e. g.
Kotel Zone) also a basin opening during the late Scy-
thian can be observed. Jurassic supra-subduction basalts
could not be produced because the Paleotethyan Proto-
Black Sea Ocean ended in the meridian of the middle
Pontides. Thus, in the Kotel Zone only pelagic upper
Scythian and Triassic is present, overlain by Jurassic
flysch that contain the pelagic Triassic as blocks. This
development is already nearly identical with the develop-
ment in the Meliaticum and confirms the correlation of
the Meliata-Hallstatt Ocean and its slopes and margins
with the Kotel Zone and other Cimmerian units by Ko-
zur and Mock (1987, 1988), Tollmann (1988) and Kozur
(1991a, b).

As a whole, the new paleontological and stratigraphic
results in northern Turkey have confirmed the model pub-
lished by Sengdr and Yilmaz (1981) and Sengor (1984,
1985). The only minor difference is that the Paleotethyan
remnant ocean or pelagic Late Paleozoic trough was
a little further in the north than assumed by Sengér (de-
spite the fact that he assumed the northernmost position
of this ocean among all published reconstructions of the
Paleotethys), and probably far narrower than shown in the
reconstructions by Sengor or in other Paleotethyan recon-
structions.

Important for the correlation of the Meliaticum and its
slopes and outer shelves with units in the eastern part of
the Western Tethys is the fact that south of the Cimmerian
Ocean of Turkey, the continuation of the Vardar Zone is
present and well exposed (Izmir-Ankara Belt). The Izmir-
Ankara Belt is separated from the Karakaya Zone (southern
part of the Cimmerian Belt) by a low grade Hercynian ba-
sement with shallow water Mesozoic cover (Sakarya
Block). However, because of the northwards directed sub-
duction of the Vardar Ocean in the Izmir-Ankara Belt, a
southwards directed nappe thrusting can be observed north
of the Izmir-Ankara Belt. By this, in many places, sequen-
ces of the Karakaya Complex are situated as nappes above
the oceanic melanges of the Izmir-Ankara Zone. A similar
situation can be observed at the Darné-hegy in northern
Hungary, where Meliaticum is thrust over the Fennsikum
(“Blikkium™) that may be according to Kozur (1991a, b)
the northernmost occurrence of the Vardar Zone in Europe.
By small scale back-thrusting partly also the rocks of the
Izmir-Ankara Belt are thrust over the Karakaya Complex.
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New investigations about the time of the rifting in the
Izmir-Ankara Zone have shown that the Middle Triassic
consists of shallow water carbonates, underlain by unda-
ted, but probably Lower Triassic shales, siltstones and
sandstones (Kaya, Kozur and Saddedin, in prep.). As in
the Vardar Zone, first pelagic rocks occur in the Upper
Triassic. However, partly the carbonate platform conti-
nued until the Upper Norian. Shallow intraplatform ba-
sins with a restricted basin conodont fauna consisting
exclusively of Mockina slovakensis were found by Kaya
et al. (in prep.). On the other hand, first red radiolarites
are present within the upper Norian (Bragin and Tekin,
1996). These red radiolarites are filamentous radiolarites
deposited above the CCD. True deep-sea radiolarites and
ophiolite-radiolarite sequences are not known before the
Jurassic (Bragin and Tekin, 1996). The breaking up of the
carbonate platform and the beginning of the oceanic rif-
ting in the Vardar Ocean occurred therefore in the same ti-
me from the Izmir-Ankara Zone of Turkey, Axios Zone
of Greece until the Vardar Zone of Macedonia and Serbia.
The same oceanic opening is present also in the Mures
Zone of Romania and in the Szarvaskd Ocean of northern
Hungary as possible prolongation of the Vardar Ocean.
As the Szarvaskd Ocean was regarded by Kozur (1991a,
b) as possible back-arc basin of the southwards subduc-
ting Meliata Ocean, an identical event succession seems
to be present in the Inner Western Carpathians and imme-
diately southwards adjacent areas and in northern Turkey,
where Sengor (1984, 1985) assumed that the “Neote-
thyan” Vardar Ocean opened during the Upper Triassic and
Jurassic by southwards directed subduction of the “Paleo-
tethyan” Cimmerian Ocean.

The Karaburun Zone immediately south of the Izmir-
Ankara Zone shows an upper Scythian to Middle Triassic
aborted rifting that lead to the deposition of upper Scy-
thian to Cordevolian Hallstatt limestones, cherty limesto-
nes, cherts, intermediate volcanics and tuffs, overlain by
Middle Carnian to Lower Cretaceous shallow water plat-
form carbonates. Neither this typical South Tethyan deve-
lopment that is similar to the developments in part of the
Subpelagonicum and to the Bosnian Zone, nor the Vardar
Ocean of the Izmir-Ankara Zone show any similarity in
their geological evolutions to the Meliata Ocean and its
slopes and outer shelves. On the other hand, in parts of
the Cimmerian Ocean and its slopes outer shelves of nor-
thern Turkey, the development is very similar to the Me-
liata ocean and its slopes and shelves in the Inner Western
Carpathians (see above). Moreover, typical North Alpine
lithological units (e. g. Alpine Buntsandstein, Werfen
Beds, Gutenstein Limestone, Steinalm Dolomite) can be
found in this area in the same sequen-tial succession.

The above mentioned data exclude a correlation of the
Meliata Hallstatt Ocean with the Vardar Ocean. As the
correlation of the Vardar Ocean s. str. and the Subpelago-
nicum with the Karakaya Ocean exists only in the recon-
struction by Kovécs (1993) that is not founded by geolo-
gical data and contradict basically all well founded pre-
vious correlations of the Izmir-Ankara Zone with the Var-
dar Zone, there is also no possibility to correlate the
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Fig. 7. Position of the Meliaticum in the Inner Western Carpathians and Eastern Alps and position of the Cimmerian remnants in the Eastern Car-
pathians and in the Eastern Balkan. | - Outer margin of the molasse sedimentation, 2 - Penninic windows and North Alpine flysch of Eastern Alps,
Pieniny Klippen Belt to Silesian Unit of Western Carpathians, 3 - Lower, Middle and Upper Austroalpine and Licicum of the Eastern Alps, Trans-
danubian Mid-Mountains NW of the Balaton Line and of the Buda Line, Central and Inner Western Carpathians, 4 - Median Dacides of Eastern
and Southern Carpathians (in the Eastern Carpathians Bucovinian and Subbucovinian nappes), 5 - Vardar Zone and Mures ophiolitic belt, 6 - Dina-
ric and Vardar units in Hungary, 7 - Remnants of the Cimmerian Ocean. (a) Meliaticum of the Eastern Alps and Western Carpathians, in the Eas-
tern Alps mostly only blocks in evaporitc melanges at the base of Juvavic nappes except the Florianikogel Nappe in the southeastern part of the
Upper Austroalpine, (b) Transylvanian nappes, (¢) Kotel and Strandzha Unit (root zone of the Strandzha nappes not clear), (d) Dobrogea.

Cimmerian Ocean across the Vardarzone s.str. (“Siid-
stamm” of the Vardar Zone sensu Tollmann, 1988).

This left open only two possibilities: (1) A direct con-
nection of the Pontide Cimmerian Ocean, its slopes and
outer shelves through the East Balkan Kotel Zone and
Strandzha nappes to the Meliata-Hallstatt Ocean, its slo-
pes and shelves, as assumed by Tollmann (1988: under
the name “Nordstamm” of the Vardar Ocean) and Kozur
(1991a, b). (2) The Meliata-Hallstatt Ocean was a short
oceanic trough in the same paleogeographical position as
the Cimmerian Ocean north of the later Vardar Ocean, but
ending both in the east and in the west with no oceanic
continuation to any ocean in the east, as assumed by
Stampfli (1996).

8. Conclusions

1. The discussed Slovakian part of the Inner Western
Carpathians comprises the Crmelicum (Crmel, Dobgind

and Ochtind nappes; part of the basement of the Permo-
Mesozoic superficial Inner Western Carpathian nappes),
Hronicum (Cho¢ Nappe s. 1. and newly introduced Opatka
Nappe; northern inner shelf of the Meliata-Hallstatt Oce-
an, from the upper Oxfordian to Neocomian southern in-
ner shelf of the South Penninic Ocean), the newly intro-
duced Muranicum (StrdZov, Nedzov, Murdii, Stratend nap-
pes; northern shelf of the Meliata-Hallstatt Ocean, transi-
tional zone between northern inner and outer shelf of the
Meliata Ocean), Silicicum (Silica Nappe s. 1., northern
outer shelf of the Meliata Ocean), North-Rudabanyaicum
(Rudabdnya nappe; northern slope of the Meliata-Hallstatt
Ocean), Meliaticum (Middle Jurassic accretionary com-
plex of the subducted Meliata-Hallstatt Ocean), Gemeri-
cum (sialic block within the Meliata-Hallstatt Ocean),
South-Rudabanyaicum (Sz6§lgsardé, Torna and Brusnik
nappes; southern slope and shelf of the Meliata-Hallstatt
Ocean). The nappes of the Hronicum, Murdnicum, Silici-
cum and North-Rudabédnyaicum are always in the highest
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tectonic position above deeper Inner Western Carpathian
and Central Western Carpathian nappes. These nappes are
therefore united to the Upper Slovakocarpathian Unit,
analogous to the Upper Austroalpine Unit. The Crmeli-
cum as assumed part of the substratum of the Hronicum
is assigned as well to the Upper Slovakocarpathian Unit.

2. The Gemericum was a sialic block within the Melia-
ticum. It is separated from the Crmelicum in the north by
the Folkmar Suture Zone with remnants of the Triassic-
Jurassic oceanic sequence of the Meliaticum, formerly
mostly regarded as Scythian Werfen Beds or continental
Permian in an assumed syncline within the northernmost
Gemericum s. L.

3. The Gemericum displays a Triassic envelope series
consisting of low-grade metamorphic shallow-water li-
mestones with some basic tuffs.

4. Both at the northern and southern margin of the Ge-
mericum slope deposits are present that are transitional
between the Gemeric envelope series and the Meliaticum.
They consist of slope limestones with blocks of shallow-
water limestones, basaltic agglomerates and basalts. The
southern slope unit of the Gemericum (Borka Nappe and
newly introduced Radzim Nappe) is altered in HP/LT me-
tamorphism. The metamorphism age of the glaucophane
is 160 - 150 Ma (Maluski et al., 1993). This is in good
agreement with the middle Oxfordian closure of the Me-
liata-Hallstatt Ocean. The northern slope unit is known
from the Folkmar Suture Zone, where it occurs beside
oceanic Meliaticum that is unmetamorphic, anchimeta-
morphic or low grade metamorphic, but not in blueschist
facies.

5. The presence of a Triassic low-grade metamorphic
envelope series of the Gemericum excludes that the Ge-
mericum was the substratum of the Silica Nappe or any
other nappe of the Upper Slovakocarpathian Unit.

6. The Triassic slope facies at the northern and sou-
thern margin of the Gemericum is entirely different from
the slope facies at the southern and northern margins of
the Meliata-Hallstatt Ocean. Therefore the Upper Slova-
kocarpathian nappes cannot be rooted at the southern or
northern margins of the Gemericum.

7. The Alpine geological evolution of the Inner and
Central Western Carpathians is controlled by the opening
and closure of the Meliata-Hallstatt, South Penninic and
North Penninic (Pieniny) oceans and related development
on their shelves.

8. Continental rifting during the Upper Permian formed
an elongated hypersaline basin with the axis about in the
position of the later spreading axis of the Meliata-Hall-
statt Ocean. This continental rifting influenced only parts
of the Inner Western Carpathians.

9. The Middle and Upper Triassic development of the
Inner Western Carpathians and of the southern parts of
the Central Carpathians was controlled by the evolution
of the Meliata-Hallstatt Ocean and of its shelf seas.

10. After the end of the sea-floor spreading in the Meli-
ata-Hallstatt Ocean (contemporaneous with the middle
Carnian Raibl event), distinct subsidence took place at
the slopes and outer shelves of the Meliaticum caused by

207

crustal cooling. By this, pelagic sedimentation began also
in those areas, in which before shallow-water carbonate
platform sedimentation prevailed (e. g. upper Tuvalian-
Norian Hallstatt Limestones above Ladinian to lower Tu-
valian Wetterstein Limestone in the Silica Nappe). This
upper Carnian-Norian rapid subsidence, caused by crustal
cooling, is typical for the slopes and outer shelves along
the entire Meliata-Hallstatt Ocean. At the outer shelves of
the South Tethys an opposite development can be obser-
ved. Middle Triassic to Cordevolian or upper Scythian to
Cordevolian Hallstatt Limestones or other pelagic sedi-
ments are there overlain after a mostly distinct Raible ho-
rizon by upper Carnian to Norian shallow-water limesto-
nes or dolomites.

11. In the latest Triassic and earliest Jurassic, perhaps
a short northward-directed subduction occurred in the nor-
thern branch of the Meliaticum, indicated by clastic input
(? with blue amphiboles) in parts of the Silica Nappe.

12. The Middle Jurassic to lower Oxfordian geologic
evolution of the Inner and Central Western Carpathians is
controlled by the closure of the Meliata-Hallstatt Ocean
and opening of the South Penninic and North Penninic
(Pieniny) oceans.

13. The nappes of the Gemericum are probably Hercy-
nian nappes that were Alpine rejuvenated. The Crmeli-
cum has, however, an Alpine nappe structure.

14. The Callovian to middle Oxfordian northwards di-
rected nappe thrusting of the South-Rudabényicum on the
Meliaticum accretionary complex and of blueschist meta-
morphic Meliaticum on the Gemericum are related to the
southwards directed subduction of the Meliaticum and the
underthrusting of the Gemericum below the Meliaticum
accretionary complex.

15. The Cretaceous southwards directed thrusting of the
Silica Nappe over Meliaticum or South-Rudabédnyaicum
is related to the Cretaceous northwards directed subduction
of the Szarvaskd Ocean.

16. The Cretaceous northwards thrust of the other Inner
Western Carpathians and Central Carpathian nappes is re-
lated to the southwards directed subduction of the South
Penninic Ocean and partly (Fatricum, Tatricum) to the
subduction of the Pieniny Ocean. These nappes were for-
med in the time interval from the Aptian to uppermost
Turonian or lower Coniacian.

17. The new subdivision of the Inner Western Car-
pathians and new stratigraphical data in the Eastern Alps
made the correlation between the Eastern Alps and Inner
Western Carpathians more easy. The Crmelicum corres-
ponds to the Veitsch Nappe of the eastern Grauwackenzo-
ne. The Gemericum can be correlated with the western
part of the Northern Grauwackenzone and with a part of
the Noric Nappe s. 1. The Middle Jurassic accretionary
complex of the Meliaticum and the South-Rudabanyai-
cum have in the Alps and Western Carpathians the same
lithostratigraphic and event succession, and they are situa-
ted in the same tectonic position (southern margin of Up-
per Austroalpine eastern Grauwackenzone in the Eastern
Alps, southern margin of the Crmelicum in the Inner
Western Carpathians). Only in the meridian of the Geme-
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ricum there are two suture zones of the Meliaticum, one
north of the Gemericum and south of the Crmelicum, and
the second south of the Gemericum. The root zone of the
superficial Permo-Meoszoic nappes of the Inner Western
Carpathians is always (also in the meridian of the Geme-
ricum) south of and on the Crmelicum, as it lies in the
Northern Calcareous Alps south of and on the Grauwac-
kenzone.

18. The Drauzug has the South Tethyan event succes-
sion and cannot be assigned to the Upper Austroalpine. It
is an independent unit (Licicum) at the northern shelf of
the South Tethyan Ocean separated from the Upper Au-
stroalpine by the Central Alpine Ridge with Central Al-
pine Mesozoic facies (Stangalm Mesozoic).

19. If the Balaton Highland was in the Triassic situated
between the eastern part of the Northern Calcareous Alps
and the Southern Alps, a separating Central Alpine Ridge
must be also present, because also the Balaton Highland
displays Norian Hauptdolomit, an “exotic” facies between
the Norian Dachstein Limestone of eastern parts of Sou-
thern Alps and Norian Dachstein Limestone and Hallstatt
Limestone in the eastern part of the Northern Calcareous
Alps.

20. There is no unit in the Vardar-Axios Zone (and its
continuation in the Izmir-Ankara Zone) and in the Dinari-
des and Hellenides with the event succession of the Me-
liaticum. In the contrast, within the Cimmerian Ocean of
northern Turkey, eastern Bulgaria and in the Dobrogea,
the event succession of the Meliata-Hallstatt Ocean can
be found and all typical North Alpine lithostratigraphic
units are present. In eastern direction, an increasingly ear-
lier opening can be observed, but also the subduction be-
gins in many places in the lower Norian or already in the
Middle Carnian, but there are also areas with Middle Ju-
rassic flysch. The final closure was, as in the Meliata-
Hallstatt Ocean, at the end of the Callovian or within the
Oxfordian.

21. The Meliata-Hallstatt Ocean lies north of the Var-
dar Ocean as the Cimmerian Ocean in Turkey. Either the
Meliata-Hallstatt Ocean was the direct northwestern conti-
nuation of the Cimmerian Ocean or it represent a short
oceanic basin in the same tectonic position as Cimmerian
Ocean, and in its paleogeographic continuation, but
without direct oceanic connection to the Cimmerian Oce-
an (Stampfli, 1996).
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Abstract

A site Baj¢ - Medzi kanalmi (SW Slovakia) belongs to unique ones with an extremely high number of
stone artefacts found there. Evaluation of a pottery assemblage dates it into the Zeliezovce group and
a polished industry documents a period of the terminal Middle-Neolithic. Petrographic analyses (a pola-
rization microscope) has shown that stone artefacts from Baj¢ were made of numerous kinds of sedi-
mentary, igneous and metamorphic rocks. The work presents their characteristics and discusses presu-

mable provenience of their primary occurrences.

Key words: Baj¢, late Middle-Neolithic, polished stone artefacts, raw materials

Introduction

Installation of a new kind of a stone working tool - an
axe and chisel - is closely connected with incipient Late
Stone Age (the Neolithic) represented by the Linear Pot-
tery culture in SW Slovakia and with settled way of li-
ving of farmers in this period. Production of flat stone
axes and shoe-last chisels started also the application of
new technologies - firstly sawing, grinding, polishing,
later also boring. Stone tools were used first of all in
working-up of wood (for a house-building, production of
tools wooden parts, and other artefacts).

But from the archaeological point of view Slovak stu-
dies on Neolithic and Aeneolithic used to give priority
mainly to evaluation of the pottery inventories giving the
best possibilities for their cultural and chronological clas-
sification according to existing typological and ornamen-
tal tables. Polished stone industry as one of the groups of
artefacts found in sites or cemeteries used to be only at
the end of interest, that was usually confined to typology
of tools or occasionally to consideration of cultural rela-
tions on account of a shape resemblance. A work analy-
sing polished industry as a complex together with types
of raw materials has been missing up to now here. The
gap has been gradually filled in last years with evalua-
tions of some assemblages from particular archaelogical
sites or regions of Slovakia.

In connection with petrographic identification of poli-
shed artefacts raw materials also a question of primary

sources definition of these materials used for stone indust-
ry, or tipping-out of important distribution centres, is co-
ming to the limelight.

Petrographical research of stone polished artefacts has
its own specifities both in macro- and microscopic stu-
dies. In the former case limitation in raw-material specifi-
cation is done by a ground and then polished surface of
the tool under evaluation alone, usually covered with
patination of various thickness. In microscopic analysis,
on the other hand, a problem is sometimes connected
with gaining of a section suitable for taking a sample ne-
cessary for getting a cut. In this case they are first of all
entire specimens into which an intervention (sawing-out
of a thin plate) is often beyond all aesthetic reasons for an
archaeologist. That’s why only fragments or damaged ar-
tefacts are used for taking a sample almost exclusively.
For this reason such microscopic research in various sites
or regions can be of limited value.

Of course, it depends at the first place on number of
specimens evaluated by macroscopic petrographical analy-
sis as well as microscopic one. This ratio can be rather
different for individual sites. Then the question is an ex-
tend to which a gained result could be considered as
a complete one.

A certain aid, or a way out, in petrographic evaluation
of entire specimens of the polished industry is seen in
using of petrophysical methods, too (Husdk and Cheben,
1987; p. 230).

Petrographic information of a raw-material qualities can

PL. 1. a - Glomerophyric (plagioclase) fabric of andesite with fine-crystalline and glassy matrix. Baj¢ - 30., magn.: 37x, X polars, negat.: 91334,
b - Plagioclase and pyroxene phyric andesite with glassy matrix. Baj¢-128., magn.: 45x, X polars, negat.: 91336, ¢ - Fine-grained actinolite schist
with well developed foliation. Baj¢-121., magn.: 86x, X polars, negat.: 91337, d - Porphyroclastic fabric of anthophyllite schist. Baj¢-6., magn.:
45x, X polars, negat.: 91344, e - Antigorite serpentinite. Baj&-8, magn.: 86x, X polars, negat.: 91333, f - Calcarenite. Baj¢-221., Magn.: 86x, X po-

lars, negat.: 91335.
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Fig. I Location of the site Baj¢.

be used also in reconstruction of particular production
phases, mainly sawing and boring. It can help also in de-
termination of suitable abrasive materials used in sawing,
boring or finishing of stone tools surfaces.

A polished stone industry collection is deposited in the
Institute of Archaeology of Slovak Academy of Sciences
in Nitra. Thin sections are included into databasis resour-
ces in the Department of Mineralogy and Petrography of
Faculty of Natural Sciences, Comenius University, in
Bratislava. For particular cuts those fragments from po-
lished stone industry collection were chosen that gave al-
so an opportunity for macroscopic characterization of as-
wide-as-possible palette of used rock types. Just this was
the main aim of detailed study of the entire stone artefacts
collection. On this basis a provenience of particular raw-
material types could be studied, too.

Site characteristics

The Neolithic site in Baj¢ (Fig. 1) is situated on a sand
dune between defunct meandering arms of river Zitava
approximately 200 m east of its already canalized bed.
The whole revealed and excavated area covered 2,7 ha. The
Neolithic settlement was documented on space of 1,9 ha.

Within a several-years-lasted field excavations of the
Neolithic site in Baj¢, position Medzi kandlmi, (distr. of
Komarno) a numerous assemblage of polished stone in-
dustry was revealed, being the object of our evaluation in
this work. From typological point of view flat axes, shoe-
last chisels, globular maces, semi-products, semi-finished
articles, raw material as well as various fragments of dama-
ged or repaired tools were found there. A piece of a raw ma-
terial, a stone stake, shoe-last chisel together with a globu-
lar mace were unearthed in a skeletal grave. According to
these findings we can presuppose a handicraftsman produ-
cing polished stone industry at the site was burried here.

First settlement of the site with its beginning coinci-
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ding with the end of the Middle-Neolithic is at the same
time connected with a climate change during the Atlanti-
cum. The change had caused that the Zeliezovce-group
bearers came to this microregion without preceding settle-
ment, i.e. they got into original natural environment (on-
ly a population living on the left bank of the river Zitava
was under investigation). In vicinity of the site an original
forest, undevastated by man, spread there. Maybe some-
where here lies an explanation of a great number of wood-
working tools found on the area of the site under research.

Since similar situation has not been documented from
other sites of the Linear culture and the Zeliezovce group
in Slovakia for the present, we can presume a population
group have been living in the site, activity of which was
oriented on specialized production of polished industry.
Finds of this industry at the explored area were spread
equally. It means that no cluster of finds was excavated
indicating explicitly a possible production workshop.

Finds of rubbers usually made from damaged or broken
tools represent a relatively numerous group. Mostly they
are bodies of shoe-last chisels. They also provided an in-
formation about used rock type.

The great number of polished stone artefacts, flat axes
and shoe-last chisels, had to be made of raw material from
more distant regions. From the archaeological point of
view the petrographic analysis can help to define regions
of Baj¢ raw materials primary sources occurrence and by
this way to confirm or extend regions with which cultural
relations are documented by pottery imports.

For recent stage of kind studies of particular raw mate-
rials used for polished stone industry found in the III.-sta-
ge settlement of the Zeliezovee group (end of the Middle-
Neolithic) in Baj¢ 61 thin sections were microscopically
studied from fragments of 60 surviving artefacts. These
are representing a full spectrum of raw materials revealed
at the site under archaeological investigation - the entire
assemblage of the polished stone finds from Baj¢ contains
350 pieces. But these are only a known part of unknown
bulk of polished stone production in Baj¢.

As far as typology is concerned, two types are predomi-
nating in the polished stone industry (Fig. 2) assemblage
in Baj¢ - a flat axe with shoe-last vaulting and a shoe-last
chisel. Thanks to their numerousness we can study also
their length and width-and height indices. The length of flat
axes varies from 6 to 17 cm. Variability of the chisels
length is bigger. It ranges from 7 to 24,5 cm. The width-
and-height index shows a bigger variability, too, in com-
parison with the flat axes. The chisels found in Baj¢ occur
both narrow and high (the average index 4,5 : 2,5 cm) as
well as wider and smaller (the index 2,5/3,5 : 3,5/4,5 cm).

Raw materials

Besides artefacts typology and their ranking to discrete
culture, types of raw material used and provenience of its
primary occurrences are main aims of modern archeologi-
cal studies.

By naked eyes performed studies are strictly limited by
rock grain-size and patination of individual artefacts. So
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Fig. 2 Baj¢ - types of polished tools.

thin section studies allow us to characterize raw mate-
rials in details, which is the first step for consequent ap-
proximation of artefacts raw material to geological bo-
dies. Realized studies of several tens of thin sections from
site Baj¢ prove above generalized opinion.

Igneous rocks

Among Neolithic/Aeneolithic artefacts from various si-
tes of the Slovak republic territory plutonic as well as
volcanic rocks are present (Hovorka and Illasovd, 1995;
IllaSova and Hovorka, 1995; Hovorka and Sojék; in
print). For the site studied artefacts made from intrusive
as well as effusive rock types are present in subordinate
amount only.

Pyroxenite

Fragment of axe (MK-87/B-5) under consideration is
composed. It consists of two different parts composed of
various rock-types. The first one is turquoisegreen rock
type which gradually pass into darkgrey schistose rock of
aphanitic appearance. For this part of the artefact small
negative forms (being products of the artefact weathering)
on surface of the artefact are observable.

Mentioned two rock constituents are distinguishable in
thin sections, too. Turquoisegreen portion of the artefact is
represented by fine-grained (1 - 1,5 mm) anchimonomineral
clinopyroxene aggregate of hap-hazard orientation. Between
clinopyroxene crystals there occur small clino-zoisites of ir-
regular shape. They represent the most probably product of
plagioclase recrystallization. The second part of the artefact
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is formed by aggregate of monoclinic colourless tremolite-
actinolite of longcolumnar shape with only very slight ple-
ochroic (green) colours. Among amphibole columns there
are disseminated ilmenite crystals and film-like Fe hydrates.

Given mineral composition and mutual space relation
of mentioned two rock constituent of the artefact under
consideration allow us to characterize original rock type
as layered pyroxenite (with probable admixture of pla-
gioclases), which underwent metamorphic recrystalliza-
tion under greenschist pT conditions. Orthopyroxene
layers (bands) preferentially recrystallized into amphibole
aggregates, while clinopyroxene layers (bands) in rec-
rystallization processes survived.

Clinopyroxene phyric andesite

This typical volcanic rock consists (B-128) of phyric cli-
nopyroxene within submicroscopically grained matrix. It
consists of very fine-grained crystals of needle-like plagio-
clases (0,1 mm) and volcanic glass. Pigment of fine-grai-
ned ore minerals is present in subordinate amount only.

The presence of substantial amount of volcanic glass in
the rock matrix determines physical properties of the gi-
ven rock-type.

Two pyroxene andesite

For this type of raw material fine-grained phyric clino-
and orthopyroxene are characteristic. Plagioclases are pre-
sent in the form of glomerophyric aggregates deposited
within hemicrystalline submicroscopic matrix. Rock un-
der consideration has locally slightly fluidal fabric (B-30).
In the other (B-86) fragment originally yellowishbrown
glassy matrix is recrystallized into fine-grained aggregate
ol secondary minerals (PI. I/b).

Dolerite

This rock type is characterized by completely holo-
crystalline character. In substantial (over 10 volume perc
cent) amount clinopyroxene, lathy plagioclase and leuco-
xenized ore minerals are present. Rock under considera-
tion has subophitic fabric, which allow us to rank it
among subvolcanic rock-types. Based on the fact that do-
lerite studied is partly recrystallized (plagioclase yields
saussurile aggregate and ore minerals recrystallized into
leucoxene) the original provenience is not univocal (pre-
Tertiary versus Late Tertiary origin).

Sedimentary rocks
Within the set of artefacts studied, those made from
sedimentary rocks are seldom. Each of characterized rock-
type is represented by one artefact only.

Calcarenite

Rock of this artefact (BMK/B-222) is formed of clasts
of calcite shells of different organism and in less amount

of clasts of micritic limestone. Together they form appro-
ximately 70 per cent of the rock mass. In spaces between
shells there is present also microfauna, namely foramini-
feras. Some of carbonate clasts have surface limonite
film, clasts of this type belong to extraclasts (PL. I/f).

In thin section also clasts of quartz, micas, feldspars
and devitrified volcanic glass are detectable. Very sporadi-
cally crystals of zircon, tourmaline, and rutile are present.
Quartz crystals are of angular till subangular character.
Characteristic is the presence of glauconite crystals,
which is dicriminant mineral for just young sediments.
Glauconite is well rounded, so it transport from distant
sources should be supposed.

Triassic biohermn limestone

Yellowish limestone (5 x 6 cm ball-like bored artefact
No. B/22) of homogeneous type. Characteristic is the
presence of Frondigularia (Foraminifera), Dacygladacae,
shells of conches. In thin section filling of originally
empty spaces and agglutinates (pelets) are visible. Lime-
stone is comparable to limestone of Wetternstein type
(Anisian - Norik = Triassic age). On the base of shells
present and rock fabric it should be compared to Wettern-
stein limestones of the Slovensky kras Mts. on the
southern rim of the Western Carpathians Gemeric zone.

Concordantly bedded silicite

Light chocolatebrown axe (B-4) of 6 x 3 x 1,5 cm di-
mension is composed of fragments of spucules, radiola-
rians and silty fraction of quartz. Sporadically also flakes
of chlorite, as well as decomposed dark mica, zircon are
present. The groundmass of the rock studied is composed
of submicroscopically grained quartz-chalcedony aggrega-
te. The reddishbrown colour is the result of irregular
spots of iron oxides (hematite ?). The discussed rock type
belongs, with certain degree of probability, to Doggerian
(Jurassic).

Vitroclastic tuff

Raw material of this type (Baj¢-Vlkanova, B-34b) is
characterized by weakly developed preferred oriented fab-
ric. It is characterized by the presence of illite aggregates
on zones of microshearing. In the given rock also admix-
ture of clasts of volcanic glass of brown colour and
quartz, sporadically also micas and feldsdpars are present.

They reach 0,5 to I mm dimension. In less amount
also nests of authigene carbonate crystals as well as ore
minerals are rock constituents.

Metamorphic rocks

This rock group is of the most complicated origin. It is
reflected in physical properties, which fundamentaly differ
even within this rock group. Among artefacts of the gi-
ven site the metamorphic rocks are the most widespread.
Their basic characteristics are as follows.



D. Hovorka and . Cheben: Raw materials of the Neolithic polished sione artefacts from the site Baj¢ (SW Slovakia) 215

Greenschist

To this group of metamorphic rocks belong those
which originated under relatively low temperature (to ap-
prox. 50 °C) within the uppermost levels of the Earth’s
crust. In the following text the various types of green-
schist are characterized differing in mineral composition,
grain-size and fabric.

Spinel-hornblende-anthophyllite schists

Similarly as on the other western Slovakian sites
(Hovorka et al., 1997) we dealt with very fine-grained
(0,X mm dimension of rock-forming minerals) rocks.
They have pronouncedly schistose fabric. Greenschists
under consideration are mostly of darkgrey colour. The
prevailing rock-forming mineral is anthophyllite with va-
riable proportion of hornblende and grass-green spinel
with high Al,O; contents (60 - 62 per cent: Hovorka
etal.,, 1997).

Green spinel (present in amount till 20 per cent) forms
clusters or individual xenoblastic crystals spread over
areas of rectangular shape, e. g. spinel is one of pseudo-
morphic phases after orthopyroxenes.

Locally observed felty fabric of needle-like anthophylli-
te aggregates allow to classify rocks under consideration
as nephritoids (IllaSova and Hovorka, 1995).

Rarely present relics of orthopyroxenes have been ob-
served. Various stages of their replacement by anthophyl-
lite aggregates are characteristic. Origin and possible pro-
venience of this, in central Europe not yet known rock
type, has been discussed in paper by IllaSovd and Hovorka
(1995). In this type of greenschist fan-like anthophyllite
aggregates have neen observed. On places diffuse phlogo-
pitization documents very complicated and multistadial
history of these rocks.

Tremolitic and anthophyllitic (mostly anchimonomineral)
schists

Artefacts of this type are characterized by the presence
of lense-like dark nests within the lighter matrix mostly
of darkgrey till greenishgray colour. Nests have dimen-
sions to 1 c¢m, locally even to 1,5 cm. They are oriented
by their longer axes conformly with the schistosity of gi-
ven greenschist. On artefact surfaces which underwent
weathering processes negative relief approximately mime-
tize their shape and size. Mineral aggregates concentrated
within discussed nests are coarse-grained in comparison to
the rock matrix.

Besides amphibole crystals other main phase present
are fine blades of phlogopite, which are the product of su-
perposed metasomatic processes. The zones of phlogopi-
tization are of diffuse limits to the country monomineral
amphibole aggregate. The dark colours of the rock decri-
bed is conditioned by the presence of fine-grained ore
(mostly magnetite) pigment.

Another rock-types of this category are characterized by
the porphyroclastic fabric. In this case to 3 mm porphy-

roclasts are formed by colourless monoclinic amphiboles,
which are rimmed by fine-grained amphibole aggregate.
Optical properties of this aggregate correspond to that of
groundmass fine-grained amphibole aggregate.

Type of fabric and mineral composition indicate that
the rock under consideration is product of metamorphic
recrystallization of pyroxene-rich (pyroxenite) rocks under
the greenschist pT conditions.

Albite-amphibole schists

They are mostly very fine-grained (0,2 - 0,5 mm) rocks
with well developed foliation. In this type of the green-
schist green pleochroic monoclinic amphibole is domi-
nant. According to the albite morphology and size the ar-
tefacts studied should be divided into:

a) equal grained types, and

b) porphyroblastic types with albite (till 2 mm) por-
phyroblasts. Namely types quoted ad a) gradually pass
into monomineral varieties composed mostly of amphi-
boles.

In all thin sections studied fine-grained magnetite pig-
ment causes dark colour of the given rock-types.

Amphibolite

They represent fine-grained (2, sporadically to 3 mm)
rock-types mostly with well developed foliation. They
are composed of two minerals: amphibole and plagiocla-
se. Pronouncedly dominant presence of amphibole in se-
veral cases allow as to classify such types as melama-
phibolites.

Plagioclases of the given rock types often recrystallized
into fine-grained aggregate of saussurite character.

Leptynite

Leptynites represent rocks of high-grade metamorphic
origin. They are light in colour, mostly foliated. They are
composed of quartz, plagioclase, and bluishgreen amphi-
bole, minerals of the epidote group and accessories (sphe-
ne, zircon). Leptynite represented by artefact B-41 is pe-
netrated by hair-like veinlets with epidote-group minerals
filling.

Antigorite serpentinite

Antigorite serpentinites are hydratation products of ori-
ginal peridotite. Mentioned process underwent under tem-
perature higher that 350 °C.

Artefacts made from antigorite serpentinite (B-3,
B-219, B-185) are either light-green with black nests of
ore minerals, or darkgrey with irregular nests of rusty-
brown carbonates (till 5 mm). They are of massive fab-
ric, in thin section there is observable local foliation of
antigorite flakes. Rock under discussion are anchimono-
mineral. Except of strongly prevailing antigorite they
contain magnetite pigment and Mg-Fe carbonates. Ge-
nerally this rock type corresponds to antigorite serpenti-
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nite described in paper by Hovorka and Illd3ova (1995)
(PL. 1/e).

Raw material provenience

Calcarenite based on the presence of glauconite on one
site, and rock constituents of the given artefact on the
other one, we suppose Neogene age of rock under discus-
sion. Strata of calcarenites of discussed type are known to
occur as members of Neogene Pannonian basin filling as
well.

Triassic bioherm limestone in several Western Carpa-
thians mountain ranges belongs to the often occurring
rock type. Just the same is valid for the Northern Calca-
reous Alps. At time being we prefer river Danube pebbles
as the source of artefact under discussion.

Concordantly bedded silicite of the most probably Juras-
sic age rarely occur within some of Western Carpathians
mountain ranges (e. g. Strazovska hornatina Upland). Mo-
re abundant are occurrences in the Northern Calcareous
Alps. Also in this case we prefer river Danube pebbles as
the possible source of raw material for this artefact.

Vitroclastic tuff represent local raw material, taken
from some of central Slovakian Late Tertiary volcaniclas-
tics occurrences.

Pyroxene- and pyroxene-plagioclase phyric andesites
represent one of the main products of Late Tertiary vol-
canic activity. The closest volcanic fields are those of the
Pohronsky Inovec and Vta¢nik Mts. to the north and
Borszony Mts. on Hungarian territory to the south.
Southern periphery zones of the Stiavnica stratovolcano
are composed of volcaniclastics of fine-grained breccia
and sandy types.

Based on this, these areas should be excluded as pos-
sible source areas of this type of raw material.

Based on the size of artefacts made from andesites we
should consider that the most probable raw material repre-
sent gravels of the river Hron in the lower part of its val-
ley. The abrasion processes acted upon andesite blocks
transported by river favour this type of raw material. Use
of rock blocks on the places of their occurrences we can
not exclude.

Holocrystalline dolerite based on high degree of its pri-
mary magmatic features we consider to be the product of
Mesozoic volcanic activity. Also in this case its source
should be the gravel deposits in the river Hron valley.

Greenschists represent the prevailing type of raw mate-
rial on locality studied. Within this group of raw material
there are several rock-types which originated from diffe-
rent protolith.

Spinel-hornblende-anthophyllite schists correspond to
types described from numerous sites from the western
Slovakia (Hovorka et al., 1997). In above paper discus-
sion on their origin is presented in details. Based on it we
sum up: 1) provenience of this more-or-less exotic raw
material is located westward of places of their deposition,
2) based of rock fabric and their mineral composition for
which relics of original clinopyroxene is characteristic,
we consider outer contact-thermic aureole of granitic mas-

sif as the most probale place of discussed rock origin, 3)
as the most probable place of such rock occurrences is
area on the southern rim of the KrkonoSe Mts. in the
Czech republic, even in that area discussed rock types
(with Al-rich green spinel) have not been described yet.

Tremolitic an anthophyllitic (mostly anchimonomine-
ral) schists by their mineral composition as well as fabric
(mostly felty, often porphyroclastic, without plagioclase)
mostly correspond to rocks, which we described in the
past (IllaSovd and Hovorka, 1995) as “nephritoids”. Pri-
mary occurrences of such rock-type are not known from
the state territory. As probable localities some geological
units of the Bohemian massif in the territory of the
Czech republic and Austria as well as river Danube peb-
bles should be taken into consideration. At time being
problem of raw material provenience we consider not to
be solved yet - we follow study of this problem.

Albite-amphibole schists represent relatively widespred
rock-type in numerous central European geological units.
They are known to occur in the Malé Karpaty Mts., Spis-
sko-gemerské rudohorie Ore Mts. to the east of described
localities, as well as geological units being part of eas-
tern rim of the Bohemian Massif. The Malé Karpaty Mts.
geographically are closest to the archeological sites in
western Slovakia, and rock complexes forming the Pezi-
nok-Pernek Formation ought to be taken into considera-
tion. Beside this pebbles of the rivers Hron and Danube
should also be the source of already partly elaborated raw
material of above type artefacts.

Amphibolite represent sporadically present raw material
of given site. Amphibolites of very similar mineral com-
position, fabric and degree of preservation occur in Hlbo-
ké and DrahoZicka valleys in the Tribe¢ Mts., in the Malé
Karpaty Mts. as well as in other mountain ranges of cent-
ral Slovakia, Bohemian Massif and the Eastern/Northern
Alps. It is well-known that amphibolites represent com-
mon rock-type within middle to high grade metamorphic
complexes. Our knowledge of this problematic allow us
to consider the following sources of this type raw mate-
rial: a) primary occurrences in the Tribe¢ and Malé Karpa-
ty Mits., b) pebbles of the river Hron (derivatives from
the central Slovakian mountain ranges) and Danube (deri-
vatives from the southern slopes of the Bohemian massif
as well as from the Northern Alps.

Leptynites represent rare rock type in nature as well as
rare raw material of Neolithic/Aeneolithic artefacts known
from the central European sites. The only one fragment
of axe made from leptynite confirm such rare occurrences
of leptynites. Leptynites are member of leptyno-amphi-
bolite complexes which are typical rock-sequences of
central European Variscides (the Bohemian Massif, the
Eastern Alps as well as the Western Carpathians; Hovor-
ka et al., 1996).

The closest leptynites occurrences are located on the
southern slopes of the Nizke Tatry Mts., as well as geo-
logical units located on the northern rim of the Slovenské
rudohorie Mts. The only known artefact, which has no
specific features, made from this rock type, do not allow
us to solve the problem of its provenience.
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Antigorite serpentinite is spite of its relatively seldom
occurrence in nature, artefacts made from this raw mate-
rial are one of frequently used raw material in the western
Slovakia (Hovorka and [l148ova, 1996). The closest anti-
gorite serpentinite occurrences are known from the Slo-
venské rudohorie Mts. (area of Brezno).

Their exploration from bodies in mentionead area is
more-or-less impossible (rural areas distant from the Hron
river valley, huge forests, mountaneous morphology,
etc.). Antigorite serpentinites are known from the area of
city Brno as well from the area of Austrian-Hungarian
boundary. They are known from the river Danube peb-
bles. As artefacts studied made from antigorite serpentini-
tes have not any special features, the problem of original
rock sources is not yet solved.

Discussions and conclusions

Following summary is intended to help comparison of
findings frequency according to particular groups of in-
ventories, some of them being not only from SW Slo-
vakia.

From the full number of 568 pits revealed in Baj¢,
a pottery material was found in 466 of them. Considering
a statistic average of occurrence of one stone tool to one
pit, the ratio is 1,6 pit to | stone artefact. These data
show an unusual frequency in occurrence of this archaeo-
logically evaluated artefacts type just here in Bajc.

This phenomenon is even more remarkable in a quanti-
tative comparison between polished stone tools and
a number of houses in individual sites. Investigation of
a site with the Linear Pottery culture and the Zeliezovee
group in Stirovo, has resulted in the ratio of 32 ground
plans of houses and approximately equal number of pits
as in Baj¢ to 7 flat axes and 4 another fragments (Pavik,
1994; p. 121, Tab. 50), what is extremely low number
not only in comparison with Baj¢. Somewhat better si-
tuation is in Patince, where 14 ground plans of houses
come to 11 artefacts. On a site in Bylany this ratio was
1 : 50. Frequency of polished-industry findings is alike
more numerous also in another sites of SW Slovakia
(Blatné, Dvory nad Zitavou, a cemetery in Nitra). Com-
parison with other central-European sites from the period
under research was done by Pavik (1994; p. 122).

The observed ratio (house : polished artefact) is even
more remarkable under consideration of the time factor,
1. e. number of a site horizons. The sites in Patince and
Stirovo have disposed of 12 (11) artefacts to 6 (10) site
horizons. On the other side, in Baj¢ where 3 horizons
were distinguished, the ratio is 1 : 116.

In the Neolithic period tribes which occupied the terri-
tory to the north of the river Danube (southern slopes of
the Carpathians) belong to those producing linear pottery.
It is typical for people with settled style of living. The
Neolithic, in contrast to the Palaeolithic period, is charac-
terized by more complicated shape of tools and weapons,
but simultaneously by the greater number of raw material
types used for their construction. For the Neolithic period
bored tools and weapons are typical. In site Baj¢ - Medzi
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kanalmi, pottery relics belong to the Zeliezovce group
and so stony artefacts studied should be ranked to the late
Middle Neolithic period.

Results of more than 60 thin sections studied document
that raw material of axes and the other weapons and tools
were made from sedimentary, eruptive as well as meta-
morphic rocks. The most often used raw material type
were various types of greenschists, which at least in part
have been gathered among river Danube gravels. To this
rock category belongs also unique rock type - spinel-
hornblende-anthophyllite schist (Hovorka et al., 1997).
Primary occurrences of such rock type is not known from
the central Europaen occurrences. The main phases of this
rock type have been studied by the use of electron mic-
roprobe from several western Slovakian localities (I. ¢.)

For green spinel high content of alumina is characteris-
tic. Another interesting rock type represent pyroxenite, as
well as antigorite serpentinite, various limestone types,
and volcaniclastics. From the aspects of distance of pri-
mary raw materials occurrences, it should be stated that
raw materials have their sources:

a) within the close neighbourhood of site Baj¢, or from
not very distant occurrences,

b) some of them are from distant sources: from the
southern slopes of the Bohemian massif, from the Sude-
tes, and from the Grauwackenzone of the northern Alps.

In comparison with the other archaeological sites on
the territory of Slovakia (the area of Spi§ county: Hovor-
ka and Sojak, in print, Sari§ské Michalany: Hovorka and
Sigka, in print, or the area of the western Slovakia: Ill4-
Sova and Hovorka, 1995) raw materials from the site Baj¢
are characterized by unique proportion of materials used as
well as types of raw materials.
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Priepustnost a prietocnost hornin paleogénu Hornadskej kotliny
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Permeability and transmissivity of the Paleogene rocks in the Hornad Basin (East Slovakia)

Data from 127 aquifer tests provided a picture of permeability and transmissivity distribution in
particular lithostratigraphic members of the Central-Carpathian Paleogene in the Hornad Basin. The
studied formations have various proportions of sandstones, claystones, siltstones and conglomerates.
After transferring specific capacities of wells to approximative logarithmic parameters - permeability
index Z and transmissivity index Y, statistical characteristics of the distribution of the Z and Y values
were converted to estimates of respective distribution characteristics of hydraulic conductivity k and
transmissivity T. Envisaged permeability increase with increasing share of sandstones and
conglomerates in the tested well intervals has not been corroborated. On the contrary, in two
lithostratigraphic members an inverse dependence (permeability increase with decreasing share of
sandstones) was found. Mean permeability decreases with depth below ground surface according to
exponential dependence. The expected mean permeability in chosen particular depths serves therefore
as the best value for an objective comparison of particular formations. Expected geometric mean of
hydraulic conductivity in particular formations ranges from 8 x 10°to 2 x 10~ m.s™" at the depth of 20 m
and between 1 x 10 and 1 x 10 m.s! at the depth of 50 m. Geometric means of transmissivity are
between 1 x 10*and 4 x 104 m2s!,

Key words: Paleogene of Central Carpathians, permeability, transmissivity, hydraulic conductivity

distribution

Uvod

Pri hydrogeologickom vyskume Hornadskej kotliny,
ktory realizoval Geologicky tstav D. Stdra (Jetel et al.,
1990), sa ziskal podrobny obraz o distribicii hodnot
hydraulickych parametrov hornin paleogénu tohto
regionu syntetickym zhodnotenim zna&ného mnoZstva
Udajov hydrodynamickych skuSok v starSich vrtoch
a ddajov ziskanych vlastnymi vyskumnymi vrtmi.
Rozsah skimaného Uzemia sa v podstate zhodoval
s geomorfologickym celkom Hornadskej kotliny: i3lo
0 uzemie medzi Vikartovcami, Spi§skou Novou Vsou,
vychodnym okolim Spi§skych Vlach, zdpadnym dpitim
Braniska, Levocou a Spi§skym Stvrtkom.

V zmysle Grossa et al. (1984) paleogén tu reprezentuji
Styri viac-menej sukcesivnelitostratigrafické jednotky
podtatranskej skupiny centralnokarpatského paleogénu:
borovské sudvrstvie (,,bazdlna litofacia”), hutianske
savrstvie (,ilovcova litofacia”), zuberské savrstvie
(flySovy vyvoj) a bielopotocké suvrstvie (pieskovcovy
vyvoj). Borovské stvrstvie predstavuje dva litotypy:
v nadloZi prevazne karbonatového mezozoika medzi
Spisskymi Vlachmi a Betlanovcami si to prevaZne
karbonitové brekcie, zlepence, pieskovce aZ prachovce, na
Z od Betlanoviec aZ po Vikartovee st vyvinuté poly-
miktné zlepence a pieskovce. Hutianske stvrstvie tvoria
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ilovité prachovce az prachovité ilovce s polohami jemno-
zrnného a7 strednozrnného pieskovca. Zuberské suivrstvie
buduje vadsinu povrchu dzemia a predstavuje flySové
striedanie pieskovcov a prachovcov. Bielopotocké savrst-
vie vystupuje hlavne na S a SV pri dpati Levocskych
vrchov. Tvoria ho pieskovce a zlepence s vloZkami pra-
chovcov a ilovcov.

Metodika hodnotenia

Predmetom hodnotenia boli idaje 127 odberovych
skadok rozc¢lenené podla litostratigrafickej prisluSnosti.
Regiondlne hodnotenie vy§lo zo spracovania hodnot
aproximativnych logaritmickych parametrov - indexu
priepustnosti Z a indexu prieto¢nosti Y (Jetel, 1985a, b)
s pouZitim sc¢asti inovovanej metodiky (Jetel, 1995b).
Na odvodenie hodnot Z a Y sluzili namerané alebo
extrapolované hodnoty Standardnej (jednotkovej) mernej
vydatnosti q, pri zniZeni hladiny o 1 m. Urove#
priepustnosti a prieto¢nosti v jednotlivych siboroch
charakterizujeme vo forme medianu Md(Z) a Md(Y)
a aritmetického priemeru M(Z) a M(Y). Ukazovatelom
variability sd hodnoty s; a sy (odhad smerodajnych
odchylok v zakladnom subore) odvodené z nameranych
vyberovych smerodajnych odchylok ich vynasobenim
hodnotou Vn/(n-1) (n = pocet udajov). Pri prepocte na
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prislu$né hodnoty koeficienta filtracie k a koeficienta
prieto¢nosti T sme pouZili logaritmickd prepoctovi
diferenciu d definovani vztahom

d=1logT-logq e

(Jetel, 1985a, b), kde T = koeficient prietocnosti v m?.s!, q =
mernd vydatnost vm3.s? na 1 m, t. j. v m%s’". Pri beZnych
vrtoch v danom regiéne sme pouZili zovieobecneni regresni
rovnicu

d=0,18Y-0,61 , )

ktori sme najnovsie odvodili z regresnych zavislosti
skuto¢nych (priamo stanovenych) hodnét d od indexu Y
vo vrtoch s priamo stanovenymi koeficientmi prieto¢-
nosti T hornin centralnokarpatského paleogénu v Hor-
nadskej kotline a SpiSskej Magure (porov. Jetel,
1995¢). Vztah (2) vyjadruje priemernd zdvislost bez
zretela na hibkova poziciu skilaného tseku, takZe je
vhodny napr. na prepocet priemernych hodnét Y a Z zo
stiborov zahffiajice dita z tsekov s rozli¢nou hibkovou
poziciou. KedZe ide o zovSeobecneni spriemerovanu
Statistickd zavislost, moZe sa skuto¢na diferencia d od
oCakavanej hodnoty z uvedenej rovnice v jednotlivych
pripadoch vyrazne odliSovat. Na prepocet konkrétnych
hodnot Y a Z z tGsekov v malej hibke - v pripovrchovej
zoéne - pouZi-vame pre centralnokarpatsky paleogén
rovnicu

Tab. |
Charakteristiky rozdelenia hodnét indexu prieto¢nosti Y a indexu
priepustnosti Z v ski$anych isekoch hornin paleogénu Hornddskej
kotliny
Distribution characteristics of transmissivity index Y and permeability
index Z in the tested intervals of Paleogene rocks in the Horndd Basin

savrstvie n R(Y) Md(Y) M(Y) Sy
Formation

bielopotocké 15 3,27 - 6,05 5,44 5,10 0,867
zuberské 64 3,18-6,73 5,08 5,02 0,754
hutianske 29 4,01 -6,34 5,03 5,05 0,584
borovské 19 4,02-6,51 5,33 5,25 0,673
savrstvie R(Z) Md(Z) M(Z) s, Zy Zy  Zsy
Formation

bielopotocké 1,44 -4,66 3,75 3,58 0914 391 3,50 3,08

zuberské 1,56-549 3,73 3,73 0,941 3,79 3,55 331
hutianske 2,52-542 3,69 3,74 0,741 3,77 332 287
borovské 2,04-540 3,84 3,79 0,794 3,88 3,80 3,73

n - pocet idajov, R(Y), R(Z) - rozpitie zistenych hodnét Y a Z, Md(Y),
Md(Z) - medidny hodnot Y a Z, M(Y), M(Z) - aritmetické priemery hodnot
Y a Z, sy, sz - odhad smerodajnych odchylok v zakladnom stbore hodnot
Y a Z, Zy, Zss, Zs; - hodnoty indexu Z o¢akavané v dseku so stredom
v hibke H =20, 35 a 50 m podIa prislunej regresnej rovnice Z = f(H).

n - number of data, R(Y), R(Z) - range of the Y and Z values, Md(Y),
Md(Z) - medians of Y and Z, M(Y), M(Z) - arithmetic means of Y and Z,
Zo, Zss, Zsg - values expected in the interval with the middle in the depth of
20, 35 and 50 m according to the respective regression equation, sy, s; -
estimates of standard deviations in the Y and Z populations.

d=0,05Y-0,10 , 3

ktort sme odvodili pre ddta z usekov v pripovrchovej
z6ne paleogénu Spisskej Magury (Jetel, 1995¢).

Ocakavanii prepoctovi diferenciu d z rovnice (2) alebo
(3) sme dosadzovali do prepoétového vzorca (Jetel,
1985a, b).

k (m.s!) = antilog(Z+d-9) = 10%9 4
T (m2.s!) = antilog(Y+d-9) = 10+ N G))

Aritmetickému priemeru M hodnot indexu Z a Y zodpoveda
geometricky priemer G hodnét koeficientak a T (tab. 2):

G(k) = antilog [M(Z) + d-9] = 10 M@ +d9] 6)
G(T) = antilog [M(Y) + d-9] = 10 MY +d91 = (7)

Normalne (Gaussovo) rozdelenie hodnot Z alebo Y je
potom indikdciou lognormélneho rozdelenia hodnot
koeficienta k alebo T.

Takto odvodené geometrické priemery G(k) a G(T)
mozZno aplikovat ako reprezentativne charakteristiky
strednej Grovne priepustnosti a prieto¢nosti pri beZznom

Tab. 2
Odhad koeficienta prietognosti T a koeficienta filtricie k odvodeny
s pouzitim vztahu (2) - (5) z charakteristik rozdelenia hodnot indexu
prietognosti Y a indexu priepustnosti Z v ski¥anych tsekoch hornin
paleogénu Hornddskej kotliny
Estimates of transmissivity T and hydraulic conductivity k derived
from the distribution characteristics of transmissivity index Y and
permeability index Z from the relations (2) - (5) in the tested intervals
of Paleogene rocks in the Hornad Basin

savrstvie R(T) Md(T) G(T) cr
Formation

bielopotocké 1,8.106-3.1073 6,4.10 2,6.104 Ile
zuberské 1,7.10-9.103 1,7.104 1,5.104 II1d-1vd
hutianske 1,3.105-4.103 1,5.10 1,6.104  Illc-IVc
borovské 1,4.10° - 5.107 3,1.10 3.8.10% I11d
stivrstvie R(k) Ma(k) G(k) Koo Kso Ci

Formation

bielopotocké 3.10%-7.10- 1,3.10° 7,7.106 1,2.10° 2,0.10° Ve

zuberské 3.10%-8.104 7,6.106 7,6.10° 8,9.10° 3,4.10° Ve
hutianske 4.107 - 4.10% 6,9.100 7,9.10° 8,3.10° 1,0.10° Vd
borovské 1.107-4.10% 1,0.10° 1,3.10°5 1,7.10° 1,1.10° IVd-

T v m2st, kvms!, R(T), R(k) - rozpiitie odhadu hodnoty T a k,
Md(T), Md(k) - mediany hodnot T a k, G(T), G(k) - geometrické
priemery hodnot T a k (na odhad strednych hodndt sa pouZil vztah (3)
pri zubereckom a hutianskom sdvrstvi a vztah (2) pri ostatnych
stivrstviach) koo, kso - 0Cakdvana hodnota koeficienta filtracie v hibke
20 a 50 m, ¢y, ¢ - trieda prieto¢nosti a priepustnosti zodpovedajiica
hodnote G(T) a G(k).

Tin m?s, k in m.s™!, R(T), R(k) - range of estimated T and k values,
Md(T), Md(k) - medians of T and k, G(T), G(k) - geometric means of
T and k (according to the equation (3) for Zuberec and Huty forma-
tions and (2) for other formations), Ky, kso - expected hydraulic
conductivity in the depth of 20 and 50 m, cr, ¢, - transmissivity and
permeability class corresponding to the respective value of G(T) and
G(k).
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Obr. 1. Histogramy indexu prieto¢nosti Y v skd3anych tsekoch paleogénu Hornddskej kotliny. p - pomer celkovej hribky pieskovca a zlepenca
k celkovej dizke skdganého dseku vo vrte, q - mernd vydatnost, M - aritmeticky priemer, Md - medidn.

Fig. 1. Histograms of transmissivity index Y in the tested intervals of the Paleogene rocks in the Hornad Basin. p - ratio between the total thickness
of sandstones and conglomerates and the total length of tested well intervals, q - specific capacity, M - arithmetic mean, Md - median.
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Obr. 2. Histogramy indexu priepustnosti Z v skudanych usekoch paleogénu Hornddskej kotliny. Vysvetlivky ako pri obr. I.

Fig. 2. Histograms of permeability index Z in tested intervals of the Paleogene in the Hornad Basin. Explanations see Fig. 1.
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Obr. 3. Kvantilovy graf indexu prie-
to¢nosti skuSanych tsekoch paleo-
génu v Hornadskej kotline. Y - index
prieto¢nosti, q - mernd vydatnost, M -
aritmeticky priemer, s - smerodajna
odchylka. BP - bielopotocké sivrstvie,
ZU - zuberské su-vrstvie, HU -
hutianske sdvrstvie, BO - borovské
savrstvie. Kumulovand relativna po-
Cetnost je vynesend na vertikalnej osi.

Fig. 3. Transmissivity-index frequen-
cy graph for tested well intervals of
— the Paleogene in the Hornad Basin.
Y - transmissivity index, q - specific
capacity, M - arithmetic mean,
s - standard deviation, BP - Biely
Potok Formation, ZU - Zuberec Fm.,
HU - Huty Fm., BO - Borové Fm.
Cumulative relative frequency is
indicated on the vertical axis.

Obr.'4.bl(v3antilovy‘ graf indexu priepustnosti skianych usekoch paleogénu v Hornadskej kotline. Z - index priepustnosti. Ostatné vysvetlivky -
pozri obr. 3.

Fig. 4. Permeability-index frequency graph for the tested well intervals of the Paleogene in the Horndd Basin. Z - permeability index. Other
explanations see Fig, 3.
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porovnavani vlastnosti jednotlivych ¢lenov. Efektivna
priemerna priepustnost vo velkych objemoch hornin sa
dobre zhoduje s geometrickym priemerom hodnét stano-
venych skaskami vo vrtoch (porov. napr. Witherspoon et
al., 1980, alebo Broch a Kjgrholt, 1994), pri¢om v Sta-
tisticky homogénnom prostredi s lognor-malnym rozde-
lenim priepustnosti vyjadruje geometricky priemer
efektivnhu priepustnost pre dvojrozmerné pradenie
(Gutjahr et al., 1978; Dagan, 1979). KedZze M(Y), M(Z),
G(T) a G(k) predstavuji iba vyberové priemery ovplyv-
nené ndhodnymi odchylkami od skuto¢ného priemeru
zakladného suboru, vycislili sme pre ne aj prislu$né inter-
valy spolahlivosti, vnutri ktorych lezi s 90 % pravde-
podobnostou skuto¢ny priemer charakterizujici dané
sdvrstvie v skimanom rozsahu hibky (tab. 3, obr. 5).

Hodnoty koeficienta filtricie a prieto¢nosti maji v Sta-
tisticky homogénnom prostredi spravidla asporfi pribliZne
lognormalne rozdelenie (Jetel, 1985a). Z matematicko-
Statistického hladiska je potom najvystiZnejSou charakte-
ristikou ich strednej hodnoty matematicka nadej log-
normalne rozdelenych hodndt (tab. 4)

E (x) = G(x) .y(n, s) ; ®)

kde G(x) = geometricky priemer hodn6t x a symbol
(n, s) oznacuje Aitchisonovu a Brownovu funkciu poc¢tu
udajov n a smerodajnej odchylky z hodndt log x.
Hodnoty tejto funkcie uvadza Aitchison a Brown (1957,
podrobnejsie pozri Jetel, 1985a). Hodnota E;(x)
predstavuje strednd hodnotu s maximéalnou vierohod-
nostou pre dané rozdelenie, t. j. takd strednd hodnotu,
pre ktori je pravdepodobnost generovania daného
empirického rozdelenia najvyssia.

Pri hodnoteni urovne priepustnosti pouZivame osem-
stupfiovu klasifikaciu priepustnosti (Jetel, 1982) a trovei
a variabilitu prietoCnosti hodnotime podla klasifikdcie
Krasneho (1993). Pri hodnoteni variability priepustnosti
sme aplikovali tie isté kritérid, ktoré pre flu navrhol
Krasny (1993).

Popri zakladnom Statistickom spracovani (tab. 1 - 4) sme
udaje podrobili aj korela¢no-regresnému rozboru z hladiska
vztahov medzi priepustnostou na jednej strane a hibkou
stredu skusaného useku (tab. 5) alebo podielom pieskovca
(tab. 6) na strane druhej. Jednym z cielom rozboru bolo
overit zdvery predbeZného spracovania udajov zo zapadnej

Tab, 3
Intervaly spolahlivosti stanovenia priemernych hodnot Y, Z, T

Mineralia Slovaca, 29 (1997)

¢asti kotliny (Jetel, 1989). Statistickd vyznamnost zistenia
korelacnej zavislosti medzi skimanymi premennymi sme
testovali porovnanim zistenej hodnoty Studentovho kritéria

t=rVm/(1-r?) ©)

(r = absolitna hodnota vyberového koeficienta linedrne;j
korel4cie, m = n-2 = pocet stupiiov volnosti, n = pocet
skimanych dvojic ddajov) s hodnotami distribuCnej
funkcie Studentovho rozdelenia S,,(t) uvedenymi v tab.
3.2 Bol3eva a Smirnova (1983) a prevzatymi z tabuliek
Pearsona a Hartleyho (1956). Z prislusnej hodnoty S,,(t)
sme odvodili hladinu vyznamnosti

a=2[1-S,0] . (10)

Statisticka istota, s ktorou moZno prijal hypotézu
skuto¢ného jestvovania korelaéného vztahu, je potom
urcend ako

P =100(1 - o) (%) . (11)

Pre pomerne nizke hodnoty $tatistickej istoty P < 90 %
pri viacerych sledovanych zavislostiach sme oproti porov-
ndvaniu zistenej hodnoty t s beZne tabelovanymi hodno-
tami vybranych trovni o boli ndteni pouZit uvedeny
zloZitejSi postup. )

Pre zavislost priemernej priepustnosti od hlbkovej
pozicie skuSaného intervalu si vysledné priemerné
charakteristiky priepustnosti savrstvi skreslené rozdielmi
v priemernej hibke stredov skiSanych usekov. Na objek-
tivnejSie porovnanie priemernej Urovne priepustnosti
stvrstvi sme preto pri kaZzdom stvrstvi stanovili aj hod-
noty indexu priepustnosti Z o€akavané podla prislusnej
regresnej rovnice z tab. 5 pri hibke stredu skisaného
tseku H = 20, 35 a 50 m (Zy, Zss, Zsp). K tymto hod-
notdm sme potom odvodili aj prislu$ny odhad prie-
merného koeficienta filtracie v hibke 20 a 50 m kyo, kso
(tab. 2). Prisludné prepoctové diferencie d k hodnote Z,,

Tab. 4
Odhad matematickej nadeje lognormalne rozdelenych hodnot
koeficienta prieto¢nosti T a koeficienta filtracie k skiSanych usekov
hornin paleogénu Hornadskej kotliny
Estimated mathematical expectance of lognormally distributed values
of transmissivity T and hydraulic conductivity k in the tested intervals
of Paleogene rocks in the Horndd Basin

a k pri 90-percentnej pravdepodobnosti E (T) E; (k)
90-percent confidence intervals of mean Y, Z, T and k suvrstvie
formation m?.s°! m.s!
stvrstvie M(Y) M(Z) G(T) G(k) bielopotocké 1,4.10° 4,8.10°
formation m?s! m.s! zuberské 6,3.10 7,0.10°%
hutianske 3,7.10 3,1.10°
bielopotocké 4,71 - 5,50 3,17 -4,00 9.107-8.10% 3.10¢-2.107 borovské 1,1.10° 5,8.10°

zuberské 4,86-5,17 3,53-3.92 1.10%-2.10* 5.10%-1.107
hutianske 4,86-523 3,51-3,98 1.10%-2.10% 5.10°-1.10°7
borovské

498-5,52 3,47-4,10 2.10*-8.10% 6.106-3.107

Symboly ako v tab. [ a2
Symbols as in Tab. | and 2.

E(T), E.(k) - matematickd nadej koeficienta prieto¢nosti T a koefi-
cienta filtracie k odvodena z rovnice (8)

E, (T), B, (k) - mathematical expectance of transmissivity T and
hydraulic conductivity k derived from Eq. (8)
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a Zs, sme odhadli podla rovnice (2) a (3), do ktorych sme
dosadili fiktivne hodnoty Y, a Yy, odvodené pre predpo-
klad, Ze strednd hodnota indexu prieto¢nosti usekov
s konstantnou malou diZkou klesa s hibkou rovnakou
rychlostou (s rovnakym koefi-cientom b) ako strednd
hodnota indexu Z. Fiktivnu hodnotu Yy pri uvaZovane;j
hibke H (20 a 50 m) v takom pripade vypocitame ako

Yy =M(Y) + b [H- MH)] , (12)

pricom z tab. 5 dosadime priemernd hibku M(H)
aregresny koeficient b. Hodnoty k,, a ks, uvadza tab. 2.

Vysledky hodnotenia

Vysledky regiondlneho zhodnotenia priepustnosti a prie-
to¢nosti skuSanych dsekov hornin centralno-karpatského
paleogénu Hornadskej kotliny uvddza tab. 1 - 6 a obr. 1 -
5. Po dokladnej revizii a spresneni vstupnych tdajov a po
Uprave v zmysle inovovaného postupu odvodenia hodnot
Z, Y id (Jetel, 1995b) sa predkladané vysledky a zavery
od zaverecnej spravy Jetela et al. (1990) sCasti odliSuju.

Pri priestorovej aplikdcii charakteristik z tab. 1 - 4
azobr. 1 -5 treba brat do uvahy, Ze pre priestorovi ne-
uniformitu prieto¢nosti pripovrchovej zény v hydrogeo-
logickom masive, danej vplyvom reliéfu, uvedené charak-
teristiky prevazne zodpovedajd kategérii dnovej
(dolinovej) prieto¢nosti T, (Jetel, 1990), a preto charak-
terizuju iba vlastnosti pripovrchovej zony v depresnych
Castiach Uzemia - v dolindch a v spodnych dsekoch sva-
hov. Boli totiz odvodené z vysledkov hydrogeolo-gickych
vrtov situovanych prevazne v dolindch. Pozitivne ano-
mélne hodnoty odrazaju prieto¢nost T; puklinovych zon,
ktoré v zmysle Plicku (1968, 1970) predstavuji tekto-
nicky podmienené pdsma viac-menej rovnobeZnych

Tab. 5
Z4vislost indexu priepustnosti Z v horninach paleogénu
Hornddskej kotliny od hibky H stredu skdsaného tseku vo vrte
The dependence of the permeability index Z in the Paleogene rocks of
the Hornad Basin upon the middle depth H of the tested
interval in the well

savrstvie

Formation n a b r P(%) R(H) M(H)
bielopotocké 15 4,47 -0,0279 -0,457 91 9-63 32,0
zuberské 64 4,12 -0,0161 -0,366 99,7 6-144 242
hutianske 29 436 -0,0299 -0445 98 6-65 20,7
borovské 19 398 -0,00503 -0,235 67 10-140 3838

n - pocet Gdajov, a, b - regresnd kon3tanta a regresny koeficient
v rovnici Z = a + bH, H - hibka stredu skasaného tseku (m),
r - vyberovy koeficient linedrnej korelacie, P - 3tatistickd istota
existencie korelaéného vztahu vyjadrend ako P = 100(1- a), kde
o = hladina vyznamnosti (pravdepodobnost omylu), R(H), M(H) -
rozpiitie a aritmeticky priemer hodn6t H.

n - number of data, a, b - regression constant and regression coeffi-
cient in the equation Z = a + bH, H - the depth of the middle of the
tested interval (m), r - sample coefficient of linear correlation,
P - statistical confidence of correlation existence expressed as P =
100(1- o), where o - significance level (error probability), R(H),
M(H) - range and arithmetic mean of H values.

a takmer zvislych puklin, prebiehajicich nezavisle od
smeru a sklonu vrstiev a ktoré asto predisponuji priebeh
terénnych depresii. V elevatnych Castiach Uzemia treba
oCakdvat prieto¢nost s rddovo nizSou droviiou (svahova
prieto¢nost T;). Neuniformita prieto¢nosti ovplyviluje aj
vypo&itané charakteristiky priepustnosti (Jetel, 1990).
Pieskovcové bielopotocké stivrstvie moZno v priemere
charakterizovat ako dost slabo priepustny kolektor s velmi
vysokou variabilitou priepustnosti (trieda Ve). V jed-
notlivych dsekoch sa priemernd priepustnost pohybuje od
velmi slabej (VIL trieda) aZ po miernu (IV. trieda). Velmi
vysoka smerodajnd odchylka s, v takom zdanlivo homo-
génnom prostredi naznaluje vyrazny rozdiel medzi prie-
pustnostou nerozpukanych partii hrubolavicovitého pies-
kovca a partii postihnutych rozpukanim v puklinovych
zénach a v zone pripovrchového rozvolnenia. Tradi¢na

BP e----- oo O s —cocc ) —
Zu + P2 — {
HU b (555, 5%) j= =~
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Obr. 5. 90-percentné intervaly spolahlivosti pre aritmetické priemery
indexu priepustnosti Z a indexu prieto¢nosti Y v skasanych dsekoch
paleogénu Hornddskej kotliny. Md - medidn, Q, Q, - 25-percentny
a 75-percentny kvantil, x,, x, - minimdlna a maximalna hodnota po
vylageni extrémnych hodnot, x, - extrémne hodnoty, M(x) - vyberovy
aritmeticky priemer, M;, M, - dolnd a hornd hranica 90-percentného
intervalu spolahlivosti, w(x) - skuto¢ny aritmeticky priemer
zdkladného saboru.

Fig. 5. 90%-probability confidence intervals for arithmetic means
of permeability index Z and transmissivity index Y in the tested well
intervals in the Paleogene of the Hornad Basin. Md - median, Q, Q, -
25-percent and 75-percent quantils, x;, x, - minimum and maximum
value after excluding the extreme values, xe - extreme values, M(x) -
sample arithmetic mean, M,, M, - lower and upper limits of 90%-
confidence interval, pL(x) - true arithmetic mean of population.
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predstava o vyrazne vy$3ej priepustnosti tohto savrstvia
oproti pelitickym a flySovym ¢lenom sa nepotvrdila. Hor-
nadska kotlina sa tak od Sari3skej vrchoviny (Jetel, 1994b;
Zakovi€ et al., 1995) a SpiSskej Magury (Jetel, 1995¢)
odliSuje. Vyberovy priemer M(Z) je niZsi ako v ostatnych
Clenoch, median Md(Z) je naopak najvyssi, ale rozdiely
medzi ¢lenmi nie st Statisticky vyznamné. Odhad G(k) je
potom prakticky zhodny pri bielopotockom, zuberskom aj
hutianskom savrstvi. V skganych tdsekoch bielopotoc-
kého suvrstvia sa so Statistickou istotou P = 91,3 % preja-
vuje vyrazny pokles priemernej priepustnosti s hibkou
H stredu skisaného tseku. Opisuje ho regresna rovnica
7 =4,47-0,0279 H (H v m). (13)

Nepotvrdila sa ani pozitivna zavislost medzi podielom
pieskovca p v skifanom tseku a indexom priepustnosti, ale
naopak sa so Statistickou istotou P = 80,7 % paradoxne
preukazala opa¢nd zavislost: pokles priemernej priepustnosti
skaSaného Useku s rasticim podielom pieskovea (tab. 6).

Najlepsie preskimanym ¢lenom paleogénu skimaného
Uzemia je zuberské stvrstvie. V priemere si to dos( slabo
priepustné kolektory s velmi vysokou variabilitou prie-
pustnosti (trieda Ve). S vysokou istotou P = 99,5 % (o =
0,005) sa v skimanych tsekoch preukazala zédvislost in-dexu
Z od hibky stredu dseku (tab. 5). Napriek naj-§irSiemu
moZnému rozpitiu hodnot podielu pieskovea p v skiSanom
useku od vyhradne ilovcovych usekov (p = 0) aZ po Cisto
pieskovcové Useky (p = 1) sa tu nezistila pozitivna korelcia
medzi indexom Z a podielom p. Podobne ako v bielo-
potockom stvrstvi aj tu v§ak moZno opit so Statistickou
istotou P = 78 % konStatovat opa¢na zavislost - rast Z
s poklesom p.

Hutianske suvrstvie predstavuje ¢len s najvy$$im po-
dielom pelitov, ale v pripovrchovej zone nevykazuje vy-

Tab. 6
Z4gvislost indexu priepustnosti Z v horninach paleogénu
Hornddskej kotliny od podielu pieskovca p v skii§anom tseku vitu
The dependence of the permeability index Z in the Paleogene rocks in
the Hornad Basin upon the proportion p of sandstones in the tested
interval of well

suvrstvie
Formation n a b r P(%) R(p)  M(p)

bielopotocké 15 6,24 -3,027 -0,356 81 0,71-1,00 0,88

zuberské 63 394 -0443 -0,157 78 0,00-1,00 0,42
hutianske 29 - - (-0,065) - 0,00-0,50 0,05
borovské 19 - - (-0,101) - 0,05-1,00 0,88

n - pocet ddajov, a, b - regresnd kon$tanta a regresny koeficient
v rovnici Z = a + bp, p - podiel pieskovca a zlepenca v skudanom
otvorenom useku vrtu (celkovd hribka pieskovca a zlepenca
v skifanom intervale delend dlZkou tohto intervalu), r, P ako v tab. 5,
R(p), M(p) - rozpitie a aritmeticky priemer hodnot p.

n - number of data, a, b - regression constant and regression coeffi-
cient in the equation Z = a + bp, p - the proportion of sandstone and
conglomerate in the tested open interval of well (total thickness of
sandstones and conglomerates in the tested interval divided by the
interval length), r, P as in Tab. 5, R(p), M(p) - range and arithmetic
mean of p-values.

razne odli§né hydraulické parametre ako ¢leny s podstatne
vy$§im zastdpenim psamitov. Pripovrchovd zona hutian-
skeho suvrstvia je v priemere dost slabo priepustnym
kolektorom s velkou variabilitou priepustnosti (Vd).
S vysokou vyraznostou (P = 98,4 %) sa tu opit preja-
vuje zdvislost indexu Z od hibky H stredu useku.
Prevaznt vdcSinu sdvrstvia tvori ilovec a prachovec
(priemerny podiel pieskovca v skusanych usekoch je
0,05), ¢o znemoziiuje sledovat koreldciu medzi priepust-
nostou a podielom p. Maximdlna priemernd priepust-
nost pripovrchovej zony v hutianskom stvrstvi sa viaze
na porusené pasma - puklinové zény (Jetel, 1989). Udaje
z vi&Sej hibky nie st k dispozicii. Pre preukdzana funk-
ciu celého telesa hutianskeho savrstvia ako stropného
izoldtora nad borovskym sdvrstvim (Jetel et al., 1990)
a rychlost poklesu priepustnosti s hibkou (tab. 5) mozno
v hutianskom stvrstvi v hibke vi¢§ej ako 100 m v prie-
store mimo puklinovych zén ocakdvat iba velmi slabu
aZ nepatrnd priepustnost.

Borovské savrstvie mozno v skuSanych usekoch hod-
notit v priemere ako dost slabo aZ mierne priepustny ko-
lektor s velkou variabilitou priepustnosti (trieda IVd-
Vd). Na rozdiel od ostatnych ¢lenov je tu zdvislost medzi
indexom Z a hibkou H iba velmi malo signifikantna (so
Statistickou istotou iba 67 %). Nepreukdzala sa ani
koreldcia medzi indexom Z a podielom p, ¢o je pri pre-
vahe dsekov s vyhradnym zastipenim pieskovca a zle-
penca pochopitelné (priemernd hodnota p z tsekov
v tomto suvrstvi je 0,88).

Diskusia a zhrnutie

V bielopotockom, zuberskom a hutianskom savrstvi
skimaného tdzemia sa prejavuje mdlo tesnd, avSak
Statisticky vyznamna zavislos{ priemernej priepustnosti
od hibky stredu ski$aného tseku (tab. 5). Z regresnych
koeficientov rovnic typu Z = a + bH v rozpiti b = -0,016
az -0,030 vyplyva, Ze tu priemernd priepustnost v pri-
povrchovej zone klesd v priemere 0 31 - 50 % (t. j. na 50
- 69 %) vychodiskovej hodnoty na kaZzdych 10 m
zvii&enia hibky stredu skiganého Gseku. Podstatne menej
vyrazny je tento pokles v borovskom stvrstvi. Zakonity
pokles priemernej priepustnosti s hibkou ma za néasledok
relativne podhodnotenie vypocitanych priemerov prie-
pustnosti stvrstvi s vi¢ou priemernou hibkou M(H) stredu
skasanych dsekov (borovské a bielopotocké suvrstvie)
oproti ¢lenom s vyrazne mensimi hodnotami M(H) (tab. 5).

Ak sa toto skreslenie neberie do Gvahy, odliSuje sa od
ostatnych ¢lenov o nieco vy3Sou priemernou priepust-
nostou G(k) borovské stuvrstvie, kym hodnoty G(k) ostat-
nych ¢lenov st takmer zhodné. Rozdiel v priemernej prie-
pustnosti borovského stvrstvia a ostatnych ¢lenov méa
viak iba velmi mald Statisticki vyznamnost. Pokial ide
o priemernu prieto¢nost, najvyssie hodnoty vSetkych uka-
zovatelov vykazuje borovské a bielopotocké sivrstvie,
ale to je najmé v bielopotockom sdvrstvi skor dosledok
velkej dizky otvorenych tisekov ako vyssej priepustnosti.

Ako ukazuje obr. 3 a 4, moZno empiricky zistend viac-
menej symetrickt distribiciu hodndt Y a Z aproximovat
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pre jednotlivé subory normdlnym (Gaussovym) roz-
delenim, lebo usporiadanie bodov mozZno najmi v strednej
Casti grafu aproximoval priamkou. Na opis zisten¢ho
lavostranne asymetrického rozdelenia hodnoty koeficientov
filtracie a prietoCnosti moZno preto pouZit lognormalny
model (porov. Jetel, 1985a). Z hladiska matematicko-
Statistickej tedrie to opodstatiiuje vyjadrenie maximdlne
vierohodného odhadu strednych hodnot vo forme matema-
tickej nadeje E, (k) a E,(T) (tab. 4) v zmysle vztahu (8). Pre
vysokl vyriabilitu priepustnosti st hodnoty E, (k) 3,9x az
8,8x vyssie ako prislusné hodnoty G(k) a hodnoty E; (T) su
2x az 5x vysSie ako G(T). Naj-vysSiu hodnotu E; (T) ma
bielopotocké suvrstvie, najvyssie E; (k) zuberské suvrstvie
a najnizSie E; hutianske savrstvie.

Po korekcii porovndvanych strednych hodndt priepust-
nosti na rozdiely v priemernej hibke stredov skisanych
tsekov, t. j. po odvodeni hodnot Z,g, Zss, Zs, (tab. 1),
Koo a ksg (tab. 2) sa zvyrazni vys$ia priepustnost
borovského sdvrstvia oproti ostatnym ¢lenom, a to
najmi pre hibku 50 m. Najniz3iu priemernt priepustnost
bude mat v hibke 20 m aj 50 m hutianske stvrstvie.

Ocakdvany rast piemernej priepustnosti s rastom po-
dielu pieskovca v skuSanom otvorenom intervale sa nepre-
javil ani pri jednom zo skimanych stvrstvi. Naproti tomu sa
preukdzala opac¢nd zdvislost - rast priemernej priepustnosti
s poklesom podielu pieskovca v bielopotockom a zuberskom
stvrstvi (tab. 5). Na neplatnost tradi¢nej schémy priepustny
pieskovec: nepriepustny ilovec v paleogéne Hornadskej
kotliny poukazal uz Cabala (1976) a Jetel (1989). Neplatnost
tejto predstavy sme potvrdili aj v niektorych inych regiénoch
paleogénu a flySovej kriedy Zapadnych Karpat (Jetel, 1992,
1994a, 1995a). V silno spevnenych horninach sa pre diage-
netické zmenSenie medzizrmovej priepustnosti primarne roz-
diely v priepustnosti pieskovca a ilovca alebo prachovca
stieraju. Hydraulické vlastnosti horninového masivu sa pri
rozhodujicej tlohe puklinovej priepustnosti homogenizuji
bez ohladu na litolo-gické rozdiely do tej miery, Ze kvanti-
tativne rozdiely v priemernej priepustnosti psamitov a pe-
litov (obr. | - 2) Casto nemozno konstatovat. Tam, kde sd
vyvinuté krehké rozpukané pelity a drobnorytmické sek-
vencie popri menej rozpukanych laviciach psamitov, mézu
mat dokonca useky budované pelitmi vy$Siu priemernd prie-
pustnost ako psamitické dseky. Maximalna priepusnost
a prietocnost sa v sekunddrme homogenizovanom hornino-
vom masive viaZe na tektonicky podmienené puklinové zony.

Zaver

Z rozboru vyplyva, Ze pri dominujicej zdvislosti prie-
mernej priepustnosti od hibkovej pozicie skdanych tGsekov
st rozdiely v priemernej priepustnosti pripovrchovej zény
jednotlivych litostratigrafickych €lenov velmi malo vyrazné.
VyraznejSie st iba rozdiely v strednych hodnotich E;
lognormalneho rozdelenia. Relativne najvysSiu priemernt
priepustnost v prevaznej vi¢Sine ukazovatelov ma borovské
suvrstvie, a to vyraznejSie po korekcii na vplyv rozdielnej
hlbky skuSanych tusekov. Najnizsiu priemerni priepustnost
po takejto korekcii vykazuje hutianske stvrstvie.
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Permeability and transmissivity of the Paleogene rocks in the Hornad Basin

(East Slovakia)

Hydrogeological research of the Horndd Basin provided
a detailed picture of the permeability and transmissivity in
the Paleogene rocks of the region by elaborating data from
127 hydrodynamic tests in earlier and new wells. In the
Paleogene of Central Carpathians 4 lithostratigraphic units
are distinguished: the Borové Formation (basal carbonate
breccias, conglomerates, sandstones and siltstones), the
Huty Formation (prevalently claystones and siltstones), the
Zuberec Formation (flysch facies: alteration of sandstones
and siltstones) and the uppermost Biely Potok Formation
(sandstones and conglomerates with claystone and siltstone
intercalations). The assessment has been based upon the
calculation of approximative logarithmic parameters -
permeability index Z and transmissivity index Y (Jetel,
1982, 1995b, see also Krasny, 1993), derived from standard
specific capacities of wells at the drawdown s = 1 m.

After transferring specific capacities to the indices Z and Y,
the statistical characteristics of distribution of Z and Y (Tab. 1)
were converted to estimates of respective characteristics of
hydraulic conductivity k and transmissivity T (Tab. 2) according
Eq. 4 and 5 where d is the logarithmic conversion difference
defined by Eq. | (q = specific capacity). For estimating the
difference d, empirical regression equations are used: Eq. 2 for
various depths, Eq. 3 for depth less than 20 - 30 m.

The average permeability and transmissivity levels are
expressed in terms of medians Md(x) and arithmetic means
M(x) of logarithmic parameters Z and Y or by geometric
means G(x) of hydraulic conductivity k and transmissivity
T (Eq. 6 and 7). As the distribution of hydraulic
conductivity and transmissivity can be approximated by
lognormal model, lognormal mathematical expectance
E,(x) (Tab. 4) was calculated as well (see Aitchison and
Brown, 1957).

In the Biely Potok, Zuberec and Huty Formations a
significant dependence of permeability index Z on the depth
H of the middle of tested interval was evidenced (Tab. 5).
Linear decrease of a logarithmic parameter - permeability
index Z - with depth implies exponential decrease of
hydraulic conductivity k.

In consequence of the permeability decrease with depth,
mean permeabilities calculated from data related to different
depths are distorted (biased) because the mean values from
different formations correspond to different mean depth
position of tested intervals. For more objective comparison
eliminating the bias of mean formation characteristics,
expected mean values of permeability index Z in the depths
of 20, 35 and 50 (Zy, Z3s, Zsy) were determined according to
the regression equations from Tab. 5. In additon, the

expected hydraulic conductivities k,, and ks, (Tab. 2) were
estimated from the values of Z,, and Zs,, respectively.

Expectable increase in mean permeability with increasing
share of sandstones within the tested intervals could not be
evidenced in any of tested formations. On the contrary, even
an inverse dependence - increasing permeability with
diminishing proportion of sandstones - was found in the
Biely Potok and Zuberec Formations (Tab. 6). In contrast to
some other regions, the recent assessment has not verified
the premise of higher permeability of the Biely Potok Fm.
(sandstones) in comparison with other members of the
Paleogene containing higher proportion of claystones and
siltstones.

The nonvalidity of the traditional scheme permeable
sandstones: impermeable argillaceous rocks in the Paleogene
of the Hornad Basin has already been pointed out by Cabala
(1976) and Jetel (1989). The invalidity of this scheme was
evidenced also in some other regions of the Paleogene and the
Cretaceous Flysch in the West Carpathians (Jetel, 1992,
1994a, 1995a). In strongly indurated rocks with decisive
importance of fissure permeability, the primary differences in
permeability between sandstones and argillaceous rocks fade
away as a result of diagenetic changes reducing primary
intergranular permeability. The hydraulic properties of the
rock massif are homogenized without respect to primary
lithology to Lhe extent that any quantitative difference in
mean permeabilily of arenaceous and argillaceous rocks
cannot often be observed. In brittle argillaceous rocks and
small-scale rhythmic sediments adjacent to less fractured
sandstones, the intervals in argillaceous rocks could have
even higher mean permeability than sandstone intervals. The
maximum per-meability is most often observed in
tectonically predisposed joint zones.

We can conclude that at the dominant control of mean
permeability by depth position of tested intervals the
differences in mean permeability of particular
lithostratigraphic members are rather indistinct. More
distinct are only the differences in the lognormal
mathematical expectance E;(x). On correcting the compared
mean permeabilities (hydraulic conductivities) for the
differences in depth position of tested intervals, e. i. after
calculating the expected values of Z,y, Zss, Zsg, Kyp and Ksg,
the mean permeability in the Borové Fm. - especially in
greater depths - is distinctly higher than in other members
while the minimum permeabilities are expected in the Huty
Fm. Relatively higher transmissivities of the Borové and
Biely Potok Formations are mainly due to greater lengths of
the tested intervals.
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Abstract

Occurrence of detrital blue amphiboles was verified in the Mesozoic basement of the Vienna Basin -
in the core from the borehole Smolinské 27. A heavy minerals association was obtained from the
calcareous claystones in the depth of 1559.0 - 1561.0 m. The following minerals were determined: blue,
amphibole, chlorite, chloritoid, garnet, Cr-spinel, zircon, rutile, tourmaline. The blue amphibole is
dominant (39 %). Ferro-glaucophane and crossite were identified by microprobe analysis. According to
biostratigraphical results (forams and nannos) the age of the sediments containing heavy minerals is

Lower Albian.

They belong to the Klape or Manin Unit of the Western Carpathians.

Key words: Slovak part of Vienna Basin, Mesozoic basement, Blue amphiboles, Aptian, Albian,

Foraminifera, Calcareous nannofossils

Introduction

The borehole Smolinské 27 is situated south of the
town of Gbely (about 5 km), see Fig. 1. The basement
under Neogene formations (Pannonian, Sarmatian,
Badenian, Karpatian and Ottnangian sediments) was
penetrated at the depth of 1545 m.

The basement of the Vienna Basin in the area of the
villages of Smolinské, Stefanov, Kovilov and the
settlement of Bistava (borehole Smolinské 14, 21, 22,
27, Stefanov 51, Bidtava 2, 3., Kovalov 3) has been
regarded as a part of the Klippen Belt since the 1950,
see Bilek 1953; Buday and Spi¢ka, 1965; Buday et al.,
1967; Biely et al., 1973; Jifi¢ek, 1979; Misik, 1985;
Kysela, 1988; Wessely et al., 1993 and others. On the
grounds of similarity in lithology and stratigraphy to
the sediments of the Czorstyn and Kysuca or Klape
Units, the Mesozoic rocks of the basement have been
associated with the Klippen Belt. This elevated structure
was verified by drilling. It is in direct continuation of
the Klippen Belt, which stretches under the Eggen-
burgian sediments close to the village of Podbrang. The
latest published conception about the position of
tectonic units in the basement of the Vienna Basin
(Wessely et al., 1993) see Fig. 1. Misik (1985) deter-
mined clastic grains of blue amphibole and chloritoid in
the drill core Smolinské 27 (further SM-27). This fact
is an additional evidence about the relevance of this part
of the basement to the Klippen Belt - Klape or Manin
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Unit. As is known, pebbles of blue schist facies have
been found externally from the Tatricum. They are the
components of gravitational flow conglomerates of the
Middle Cretaceous in the Klape Unit (surroundings of
the town of PovaZska Bystrica). See Kamenicky, 1973;
Misik and Sykora, 1981; Simova and Samajovz’l, 1981;
Simova, 1982a, b; Martin, 1991, Dal Piaz et al., 1995
and others. The pebbles of blue schists have been found
in the “flysh” sediments of the Middle Cretaceous
Manin Unit - Silov window (Ivan and Sykora, in prep.)
as well. Clastic grains of sodic blue amphiboles were
identified in the Middle Cretaceous turbiditic sandstones
in the Klape and Manin Units (Mi8ik and Sykora,
1981). Several times they were described in the pebbles
of limestones (Barremian to Aptian). These pebbles
belong to the Albian - Cenomanian conglo-merates of
the same tectonic units (Misik and Sykora, 1. ¢.). Blue
amphiboles were found in the Upper Creta-ceous
sandstones of the Brezova Group as well (Wag-reich and
Marschalko, 1995).

The origin of the sediments of the Klape Unit is
being discussed at present in Slovak geological
literature (MiSik, 1996; PlaSienka, 1996). In addition to
the earlier hypothesis about existence and position of
the Pieninic exotic ridge or Andrusov ridge, PlaSienka
(1995) intro-duced a new idea. He derived the origin of
the sediments of the Klape flysch Basin from the so-
called “ultragemeric exotic units” - that is from the
South. The Klape Unit to-gether with Manin Unit were
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Fig. 1. The map of geological units in the basement of the Vienna
Basin - according to (Wessely et al., 1993).

explained as the subunits of the Krizna Nappe. It is not
the object of this paper to comment on this new idea,
but we note that it raises many questions to deal with.
It is true, that it does not explain the more important
problems resulting from the rock composition of the
above mentioned conglomerates of the Klape and Manin
Units. But it is derived from facts, which cannot be
ignored.

Detrital blue amphiboles have been known in the
Eastern Alpine territory as well. The glaucophanes
were found in “Walserberg-Serie” ? Penninicum
(Woletz, 1967). Crossite and ferro-glaucophane have
been found in the sandstones (Turonian and Lower
Coniacian) in the Walsertal zone - South Penninicum
(Winkler and Bernoulli, 1986). The glaucophanitic
amphiboles are present as a part of the heavy mineral
association in the terrige-neous facies of the Rossfeld
Fm. - Reichraming Nappe (Decker et al., 1987).
Detrital glaucophane, ferro - glaucophane and crossite
occur in the Cretaceous sediments of the Northern
Calcareous Alps - Allgdu and Lechtal Nappes as well
(Winkler, 1988).

Methods

Petrographical and biostratigraphical data were
obtained from the rocks of the borehole SM-27 (interval
1559.0 - 1561.0), which were kindly given to us by
Nafta Gbely a. s. The content of heavy minerals was
studied. Grain concentrate was produced by dissolving
the samples in 10 % acetic acid. The silt and sandy
fractions were obtained by water washing of insoluble
residue and then separated in bromoforme. The heavy
minerals were determined under the petrographic
microscope (by counting 150 grains). Microprobe
analysis of blue alkalic amphiboles was done in thin
section by electron microprobe JEOL 840 A, operating
at 15 kW, 15 nA, ZAF, operating system SESAME.
Natural and synthetic minerals were used as standards (Si
- Si0,, Al - spinel, Mg - spinel, Na - albite, Zn - ZnO,
Fe - Fe,03, Mn - MnO, Cr - chromite, Ti - rutil, Ca -
wollastonite, K - adular. Biostratigraphical results were
obtained by thin section study (forams) and smear slides
study (nannos) by using microscope Carl Zeiss Jena and
Jeol SEM.

Description of the rocks of the borehole
Smolinské 27 core interval 1559.0 - 1561.0 m

The first microscopic analysis of the rocks from the drill
core (interval 1560.0 - 1561.0 m) was done by Misik (1985).
The sediments in this interval are gray, spotted marls, which
contain organic detritus and clastic terrigenous admixture.
Foraminifers:  Thalmaninella ticinensis  (Gandol-fi),
Hedbergella sp., fragments of bivalves, echinoderm pla-tes,
plant tissue, radiolarians and ostracodes were found. Cadosina
cf. semiradiata olzae and Cadosina sp. were also determined.
The terrigenous admixture is formed by clay, grains of silt to
very fine sand. The prevalent mineral is quartz. Muscovite,
chlorite and chlori-toid occurred com-monly and amphiboles
in thin sections were found rarely. MiSik, 1. c. identified blue
amphibole with the extinction angle y/c 10°,

Our repeated thin section analysis (interval 1559.0 -
1561.0 m) is in conformity with Mi§ik, 1. c. description.
Apart from the above mentioned allochems, mudstones to
wackestones contain fragments of punctate brachiopods,
fish teeth and holothurian sclerit of Theelia sp. Pyritised
sceletons of radiolaria Archaeodictyomitra sp., Praecono-
caryomma sp. were found in the insoluble residue. Parts
of the core has higher clay content and are formed by
calca reous claystone. The terrigenous grains are
concentrated in the parts of sediment affected by
bioturbation. In the heavy mineral silt - size residum Cr-
spinel, zircon, garnet, tourmaline and rutile were
identified (beside above mentioned minerals).

Heavy minerals assamblage of interval 1559.0 - 1560.0
m: blue amphibole 39 %, chlorite 27 %, chloritoid 12 %,
garnet 6 %, Cr-spinel 5 %, zircon 4 %, rutile 4 %,
tourmaline 3 %.

We notice, clastic blue amphiboles in sediments of the
Klape Unit in the vicinity of PovaZskd Bystrica (see
introduction) have been found in turbiditic sandstones.
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Chemistry of detrital amphibole grains

Recalculated according to the unpublished programme
RECAMP (Spear, F, Kimball, K, 1991, Macintosh
Co.).

Tab. |
Composition of amphiboles

Ferro-glaucophane Crossite

Sio, 54.90 54.86 55.37 54.86 55.41 55.15
TiO, 0.89 0.01 0.05 0.05 0.01 0.14
Al Os 5.84 8.21 8.78 9.10 6.88 3.1
Cr,04 0.02 0.02 0.00 0.00 0.03 0.16
FeO 20.05 21.53 21.07 19.97 23.47 22.96
MnO 0.20 0.12 0.24 0.00 0.31 0.18
MgO 8.66 5.04 4.90 4.62 5.51 8.39
Ca0O 0.70 0.46 0.40 0.54 0.50 1.79
Na,O 5.26 6.37 6.54 6.85 6.37 6.16
K,0 0.27 0.03 0.00 0.00 0.00 0.00
Zn0O 0.10 0.02 0.02 0.00 0.00 0.10

96.89 96.67 97.37 95.99 98.49 98.14

Number of cations on basis of 23 oxygens

Si 7.988 7.994 7.993 7.997 7976 7.952
AllY 0.012 0.006 0.007 0.003 0.024  0.048
AV 0.990 1.405 1.487 1.561 1.144  0.481
Ti 0.097 0.001 0.005 0.005 0.001  0.015
Fe'l* 0.216 0.372 0314 0.317 0.566  1.080
Mg 1.878 1.095 1.054 1.004 1.182  1.803
Fe?* 2224 2252 2.230 2.118 2259 1.689
Mn 0.025 0.015 0.029 0.000 0.038  0.022
Ca 0.109 0.072 0.062 0.084 0.077  0.277
Na 1.484 1.800 1.831 1.936 1778 1.722
NaM+ 1.461 1.789 1.818 1.911 1.733  1.633
K 0.050 0.006 0.000 0.000 0.000  0.000

The alcaline amphiboles of a similar chemical com-
position occur in the area of the town of Povazska
Bystrica. They appear as clastic grains in sandstones and
in the blue schist pebbles (Martin, 1991 and unpub-lished
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Fig. 2. The position of the blue amphiboles in the nomenclature
diagram (Leake, 1978).

20
p
)
a
o wb
15+
b
~ 1,0
=
2o~
0S5+ —————
4 Kb
P~ T ——
r 2Kb
L —
0 T Y
0 0,5 1.0 15 20
AlW

® Ferro - glaucophane
o Crossite

Fig. 3. Nay/Al"Y diagram in na amphiboles (Brown, 1979) for the
assesment of pressure conditions of glaucophane genesis.

analysis Ivan and Sykora, in prep.). In accordance with
chart by Brown (1977, Fig. 2) we suppose they were
formed by metamorphosis in pressure conditions of about
7 kB (Fig. 3).

Biostratigraphy

The rocks from the Mesozoic basement of the Vienna
Basin in the borehole SM-27 indicated Cretaceous age.
Misik (1985) recognized the foraminifers Thalmaninella
ticinensis (Gandolfi) and Hedbergella sp. in thin sec-
tions from the interval 1560.0 - 1561.0 m and con-
sidered this formation as Albian. Salaj (in Kulmanova,
1988) identified the asociation Hedbergella trocoidea
(Gandolfi), H. roberti (Gandolfi), Gaudryina sp. of the
Lower to Middle Albian age, in thin sections of the
sediments interval 1560.65 to 1562.0 m. Samuel
(1981, p. 113) gave biostratigraphical data (Lower to
Middle Albian) based on free foraminifers recognized
from the rocks of the interval 1558.0 to 1562.0 m.
GaSparikova (1988, p. 118) using calcareous nanno-
fossils determined the Lower Albian age of sediments
(interval 1558.2 - 1558.3 m) and Upper Albian (interval
1560.65 to 1561.3 m).

On the basis of the presented stratigraphical data a lack
of uniformity in the attained results was found. The drill-
core rocks were part of a brittle - ductile zone (pre-
Neogene in age), which is obvious by naked eyes study.
Therefore our sediments age determination in interval
1559.0 - 1561.0 m was done from the selected
undisturbed samples by using calcareous nannofossils and
foraminifers. We suppose the disturbance is responsible
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PI. 1. Photomicrographs of forams. 1, 2, 4 and 5 - Ticinella sp., | - 165x, 2 - 150x, 4 - 135x and 5 - 145x. 3 - T. bejaouensis Sigal.r 1§0x,
6 - T. roberti (Gandolfi), 135x, 8 - Hedbergella cf. globigerinellinoides (Subbotina), 7 - 160x, 8 - 165x, 10 - H. globigerinellinoides
(Subbotina), 135x, 9 - Anomalina sp., 135x, 12 - A. (Gavelinella) sp., 130x, 11 - Colomiella recta Bonet., 250x. Figs 7, 8 - core 1, core
box 3, interval 1559.0 - 1560.0 m. Figs 1, 2, 3,4,5,6,8,9, 10, 11, 12 - core 1, core box 3, interval 1560.0 - 1561.0 m. Micrographs by
D. Boorova.
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PL. II. SEM photomicrographs of calcareous nannofossils. 1 - Prediscosphaera columnata (Stover) Perch-Nielsen, 10 000x, 2 -
Watznaueria barnesae (Black) Perch-Nielsen, S000x, 3 - Ellipsagellosphaera fossacincta Black, 6300x, 4 - Discorhabdus ignotus (Gorka)
Perch--Nielsen, 11 600x, 5 - Cyclagelosphaera rotaclypeata Bukry, 8000x, 6 - C. margereli Noel., 5500x, 7 - Biscutum ellipticum (Gorka)
Griin and Allemann, 11 000x, 8 - ?B. salebrosum (Black) Perch-Nielsen, 11 600x, 9 - Microstaurus chiastus (Worsley) Griin and
Allemann, 9000x, 10 - Tranolithus salillum (Noel) Crux., 10 000x, 11 - Glaukolithus diplogrammus (Deflandre) Reinhardt., 11 600x, 12 -
Nannoconus truitti truitti Bronnimann,, 3500x Figs | - 12, core 3, core box I, interval 1560.0 - 1561.0 m. Photomicrographs by Ivan
Holicky, Geological Institute, Slovak Academy of Sciences.
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for discrepan-cies in the stratigraphical ranking of rocks
in the interval 1558.0 - 1562.0 m.

Foraminifers

The depth of 1559.0 - 1561.0 m contained planktonic
and benthic (both calcareous and agglutinated species)
foraminifers. The high stage of forams recrystallization
allowed mostly determination of genus. The foraminiferal
assemblage from the interval 1559.0 - 1560.0 m is
characterized by domination of planktonic species
Hedbergella Bronnimann and Brown. The following fora-
minifers are present: Hedbergella sp., Hedbergella cf.
globigerinellinoides (Subbotina) (Pl. 1, Fig. 7 and 8),
Hedbergella globigerinellinoides (Subbotina). The
presence of representatives Planomalina (Globigeri-
nelloides) (Cushman and Ten Dam) is very rare. The
transverse sections of benthic species Dorothia sp. and
Anomalina sp. were found extremely rare. The age of the
sediment in interval 1559.0 - 1561.0 m is probably
Aptian.

Microplankton is also the dominate component in thin
sections from the interval 1560.0 - 1561.0 m. Together
with Hedbergella sp. and Hedbergella globigeri-nellinoides
(Subbotina) (PL. I, Fig. 10) representatives of planktonic
species Ticinella Reichel - Ticinella sp. (Pl. 1, Fig. 1, 2,
4 and 5), T. bejaouensis Sigal (Pl. I, Fig. 3) and 7.
roberti (Gandolfi) (PI. 1, Fig. 6) were determined. The first
appearance of 7. roberti mentioned by Caron (1985) in the
Lower Albian. According to (Salaj and Samuel, 1966) the
stratigraphical extent of this genus in the Western
Carpathians is Upper Aptian to Lower Al-bian.
Ammodiscus sp., Dorothia sp., Frondicularia sp.,
Anomalina sp. (Pl. 1, Fig. 9), A. (Gavelinella) sp. (Pl. 1,
Fig. 12) represent the rare benthic component of the
association.

The ostracods and tintinids Colomiella sp. and C. recta
Bonet (Pl. 1, Fig. 11) were found in addition to forami-
nifers. They are significant from the stratigraphical point
of view. Borza (1978, 1980) mentioned the occurrence of
Colomiella recta in the Lower Albian of the Western
Carpathians.

The microfossil association identified in a thin section
of the sediments interval 1560.0 - 1561.0 m indicated the
Lower Albian age.

Calcareous nannofossils

The studied sample contains a poor nannoassociation,
coccolith preservation is rather bad, affected by
dissolution. The calcareous nannofossils assemblage from
the interval 1560.0 - 1561.0 m (sse PL. II) contains rare
specimens of Prediscosphaera columnata, nannoco-nes -
Nannoconus truitti truitti Bronnimann (common), N.
donnatensis Deres and Acheriteguy (rare), Braarudo-
sphaera africana Stradner (rare), which indicate the Albian
age of sediment. In addition, Neocomian and older
nannofossils (Conusphaera mexicana Trejo, Biscutum
salebrosum) (Black) Pearch-Nielsen were found.

The presence of Prediscosphaera columnata (Stover)
Perch-Nielsen allows us to recognize the standard nanno-
plankton Zone CC8 sensu Sissingh (1977) and Perch-
Nielsen (1985) - Prediscosphaera columnata, which
documents the upper part of the Lower Albian to Middle
Albian age. An analogous zonal determination has been
made by Ga3parikovd (1984) in the Kysuca Group of the
Klippen Belt and in the Krizna and Manin Units of the
Strazovské vrchy Mts. in the Western Carpathians. The
nannoplankton was correlated there with the forami-
niferal zone Ticinella roberti and Thalmanninella
ticinensis subticinensis. The stratigraphical range has
been expanded to the upper part of the Lower Albian to
Middle Albian. Our studied sample contained no
specimens of FEiffellithus turriseiffeli (Deflandre)
Reinhardt (unlike Gasparikova, 1988), which indicates
the standard nannoplankton Zone CC 9 sensu Sissingh
(1977) and Perch-Nielsen (1985) and documents the
Upper Albian age.

Conclusions

We note that in the Mesozoic basement of the Vienna
Basin in the area of the village of Smolinské the Klape
or Manin unit occur as well as the earlier determined
units - Czorstyn and Kysuca. This idea was confirmed by
findings of Na-blue amphiboles and chloritoid in the
analysed section of the drill-core. These minerals occur
in the Klape or Manin unit close to PovaZzska Bystrica
and in the Sdlov window (see introduction of this
paper). The biostratigraphical results from the studied
drill-core (interval 1559.0 - 1561.0 m) and the state of
preservation of the rocks allow us to suppose tectonic
disturbance of this formation. In the four metre long
extent of the core sediments of the Aptian, Lower,
Middle, Upper Albian age were identified. They are
arranged chaotically. Heavy minerals were obtained from
the undisturbed parts of the drill-core (1559.0 - 1561.0
m) and the biostratigraphic data in this interval indicated
the Lower Albian age. This is in agreement with bio-
stratigraphical results sensu (Mi$ik, 1985; Kullmanova,
1988; Samuel, 1988).
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Modré amfiboly a mikrofosilie z mezozoického podloZia viedenskej panvy (vrt Smolinské 27)

Mezozoické podlozie viedenskej panvy v oblasti Smolinské -
Stetanov - Kovidlov a dvora Bistava sa od 50. rokov poklada za
stCast bradlového pdsma. Horniny v tejto ¢asti podloZzia sa
litologicky a stratigraficky podobaji na sedimenty jednotiek
bradlového pasma - czorsztynskej, kysuckej, resp. klapske;j.
Této elevaCnd Struktira sa zistila vrtnymi pradcami a je priamym
pokracovanim bradlového pdsma, ktoré sa pondra pod
egenburské sedimenty pri obci Podbrang. Migik (1985) ako
prvy opticky ur¢il klastické zrna modrého amfibolu a chlo-
ritoidu v jadre vrtu Smolinské 27 (interval 1560 - 1561 m). Tieto
tazké minerdly sa vyskytujt v flovitom vépenci, resp. vdpnitom
flovei, v ktorych autor (1. ¢.) uréil albské foraminifery.

Ako je zndme, horniny fdcii modrych bridlic a klastické
modré amfiboly sa vyskytuji ako sucast albsko-cenoman-
skych flySovych sdvrstvi v klapskej, ale aj v maninskej
jednotke (silovské okno).

Pretoze rozli¢ni autori horniny jadra vrtu SM-27
stratigraficky nezaraZzuji jednoznalne, urobili sme novu

stratigrafickd analyzu. Na zvySku vrtného jadra je zjavné
tektonické postihnutie v krehkej duktilnej zéne, Co je
zrejme pri¢inou disproporcii medzi stratigrafickymi
analyzami. V horninich jadra dizky 4 m (interval 1558 -
1562 m), ktoré nemd znaky prerudenia sedimenticie, sa
zistil aptsky az vrchnoalbsky vek. Opakovand analyza sa
vykonala na neporudenej Casti horniny (1559 - 1561 m).
V jadre z hibky 1559 - 1560 m sa ur€ila asocidcia foraminifer
aptského veku a z intervalu 1560 - 1561 m spodnoalbského
veku, ¢o je v zhode aj s vysledkami Stidia vdpnitého
nanoplankténu.

Z intervalu 1560 - 1561 m sa zistili tieto tazké minerdly:
modry amfibol, chlorit, chloritoid, grandt, Cr spinel, zirkén
a turmalin. V asociécii prevldda modry amfibol (39 %). Rtg
elektrénovou mikroanalyzou sa uré¢il Fe glaukofédn
a crossit. Predpokladdme, Ze stvrstvie kriedového veku (apt
az alb) v podloZi sedimentov viedenskej panvy v mieste vrtu
Smolinské 27 patri do klapskej, resp. maninskej jednotky.
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Cicavce (Mammalia) a ulitniky (Gastropoda) vrchného pleistocénu
mladopaleolitického taboriska v Trenc¢ianskych Bohuslaviciach

PETER HOLEC' a JANA KERNATSOVA?

'katedra geoldgie a paleontoldgie PriF UK, Mlynska dolina 842 15 Bratislava.
p 8 y
Geologicka sluzba SR, Mlynska dolina 1, 817 04 Bratislava.

(Dorucené 16.10.1996, revidovand verzia dorucend 30.1.1997)

Late Pleistocene Mammals (Vertebrata, Mammalia) and Gastropods (Mollusca, Gastropoda)
in Young Paleolitic site from Trencianske Bohuslavice

In paleontological investigation of the locality Tren¢ianske Bohuslavice a fauna of mammals and
gastropods was found. From the mammals Rangifer tarandus L., Mammuthus primigenius (Blumenbach)
and Equus caballus L. are dominanting. They indicate late Pleistocene age. Gastropods fauna is
psychrophyllic and loessic. Index loess species Pupilla muscorum densegyrara LZK., Valonia tenuilabris
(A. Br.) and loessic species Pupilla muscorum (L.) prevailed. More humid environments is indicated by
predominating occurrence of the species Succinea oblonga Drap. The age of archeological artefacts is
Gravettien. Radiometric analysis of the mammoth tusk determinate age 20 000 = 1000 years.

Key words: Mammalia, Gastropoda, Late Pleistocene, archeological site

Uvod

Pri archeologickom vyskume lokality Tren¢ianske Bo-
huslavice, ktory viedol J. Barta z Archeologického tstavu
v Nitre, sa v sprasi naslo vi¢8ie mnoZstvo zvyskov (kosti
a zubov) cicavcov. J. Bérta ndm ich poskytol na paleon-
tologické spracovanie. Okrem zvySkov cicavcov sa tu naglo
aj mnoho ulitnikov. Zvysky cicavcov spracoval P. Holec
a ulitniky J. Kerndtsova. NavyS$e sme fragment kla ma-
muta, ktory sa rozpadol na mnoZstvo ,,triesok”, poslali na
zistenie radiometrického veku metédou "*C prof. Chrapa-
novi do Liptovského Mikuld3a (Vysoka vojenska technic-
ka Skola). Vysledok je 20 000 £ 1000 rokov.

Lokalita je na zaiatku BoSdckej doliny na juZnom
okraji Trenc¢ianskych Bohuslavic v chotdrnej Casti Pod
Tureckom na pravom brehu potoka BoSdcka na nizkej
spradovej tabuli (pozri obr. 1). Po odstraneni asi 180 - 200 cm
vysokej nadloZnej vrstvy buldozérom sa roku 1981 zacal
archeologicky vyskum. Siestimi 2 m irokymi sondami
sa odkryla plocha 111 m? a okrem toho bola v blizkom
cestnom Uvoze vyhibena aj 7 m hlbokd a 1,5 m Siroka
stratigrafickd sonda, v ktorej sa zistila poloha hlavnej na-
lezovej vrstvy. Z artefaktov, ktoré uroval J. Barta, tu
prevladaju Cepele, rydld a $krabadld. Zastipené su aj Ce-
pielky s otupenym bokom a gravettské hroty, ktoré da-
tuju kolekciu do stboru gravettienu, studenej fazy posled-
ného wiirmského zaladnenia (Barta, 1982).

Fauna cicavcov

Pri terénnych pracach sa ziskala dost velka kolekcia
kosti a zubov cicavcov, ktoré sa s¢asti na mieste, ale vic-
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Sinou v laboratériu katedry geoldgie a paleontologie Pri-
rodovedeckej fakulty UK ¢istili a potom konzervovali
zriedenym disperznym lepidlom Hercules. I§lo o spodné
a vrchné zuby, ¢lanky prstov, fragmenty dlhych kosti
a pod. Na vicSine kosti st znamky po orezavani svalov
a §liach, mnohé boli roztriesStené, akoby sa z nich bol
vyberal 3pik. To nas vedie k domnienke, Ze v prevaznej
miere ide o zvy$ky lovnych zvierat vtedaj$ich ludi. Zo
zubov prevaZuju ¢renové a stoli€¢ky. Najmi pri sobich
zvyskoch chybaju rezaky. Zistené druhy uvadza tab. 1.

7da sa, Ze sa v tom &ase najcCastejSie lovil sob, lebo
sobie zvy$ky sd v naSom materidli vyrazne najpocetnej-
Sie (pozri tab. 1). Uz Kafka (1916) vyslovil nézor, Ze az-
da uz v tom Case ¢lovek choval soby polodivym spdso-
bom. Zda sa, Ze vo W3, ked v celej Eurépe pomerne
rychlo ubudlo mamutov, sa ¢lovek musel preorientovat
na soby.

Ako vidno z tab. 1, najpoCetnejsie si zastipené zvys-
ky prvych troch druhov, kym ostatné st zriedkavé. Zauji-
mavy je ndlez zvySkov bobra, ktory indikuje blizkost
vodného toku. Vzacne st aj ndlezy zvySkov ¢loveka. Na-
§li sme kamennt Cepielku medzi dvoma krénymi stavca-
mi soba, ale nepodarilo sa nam ur¢it, ¢i bola naozaj za-
bodnuta v krénej Casti pri love, alebo sa tam dostala aZ
neskor.

Nasa lokalita je mladS§ia ako lokalita v Pavlove na
Morave. Kultirna vrstva tam leZi v spodnej Casti sprase
W3 nad interStadidlnou hnedozemou W2-3, podla typo-
logického rozboru predstavuje samostatny stupefi gra-
vettienu (Musil, 1959) a na rozdiel od na3ej lokality
obsahuje prevazne mamutiu faunu ako hlavna lovnu
zZver.
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skupiny B - bezlesie (podla Lozeka, 1955). Z 15 ziste-
nych druhov (neur€eny druh Pupilla sp. tu nezaratiivame)
sem patri 9, t.j. 60 %, do skupiny A - les iba 2 druhy,
t.j. 13,3 %, a do skupiny B - les aj bezlesie 4 druhy, t.j.
26,6 % zo vietkych tu zistenych druhov. Kvantitativne
vysoko prevladaji Pupilla muscorum (L.) - spraSovy druh

Tab. |
Fauna cicavcov
Mammals fauna

Rangifer tarandus L. velmi hojné
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Obr. 1. Situatny nacrtok obce Trencianske Bohuslavice, lokalita je
vyznacend Ciernou hviezdi¢kou.

Fig. 1. Situational sketch of the area of the Trencianske Bohuslavice
village, the locality is designated by the black star.

Aj lokalita v Dolnych Vé&stoniciach je star§ia ako na%a
(24 000 - 29 000 rokov). Musil (1959) podla mnoZstva
zoradil ndjdené druhy takto: mamut, li¥ka, zajac, vk,
kon, sob; s men$im vyskytom: rosomdk, lev, nosoroZec,
tur, rys a vtaky. Vyskumy Klimu (1983) ukdzali, Ze
v Dolnych Véstoniciach ide najmenej o pif postupne za-
kladanych, a teda samostatnych sidlisk. Zda sa, Ze aj tabo-
risko v Trenc¢ianskych Bohuslaviciach sa osidlovalo viac-
krat po sebe. Na lokalite v Tren¢ianskych Bohuslaviciach
sme nasli aj zvySky mamutov, ale Gplne chyba medved,
nosoroZec a hyena. V absoltitnej prevahe je sob.

Fauna ulitnikov

Prevaznd vacSina ulitnikov - kvantitativna aj podla
poctu druhov (pozri tab. 2) - patri do hlavnej ekologickej

Equus caballus L.
Mammuthus primigenius (Blumenbach)

menej pocetné

Homo sapiens sapiens L.
Castor fiber (L.)
Alopex lagopus (L.)

Canis lupus (L.) zriedkavé
Megaloceros sp.
Bos? Bison? sp.
Tab. 2
Fauna ulitnikov
Gastropods fauna
Cislo vzorky 1 2
Hibka 1,8 2,7
. Druh Bi Es HEs )
1 Trichia striolata (C.Pfr.) (+) L(M) A | 1
2 Vitrea cristallina (Miill.) (+) L(v) A 5 5
3 Pupilla sterri (Vth.) + S B 2 11 13
4 Pupilla triplicata (Vth.) + S B 39 39
5 Pupilla muscorum (L.) + O B 440 100 540
6 P.m. densegyrata LZk. ++ O B 223 180 403
7 Pupilla loessica LZk. ++ O B 27 46 73
8 Columella columella (Mart.) ++ O B 29 43 72
9 Vallonia tenuilabris (A.Br.) +1 O B 150 56 206
10 Vertigo parcedentata Sand.  ++ O B 20 20
L1 Euomphalia strigella (Drap.) (I) XS B 9 9
12 Trichia hispida (L.) + M C 2 17 19
13 Cochlicopa lubrica (Miill.) (+) M C 2 2
14 Clausilia dubia Drap. (+) RL C 10 10
15 Succinea oblonga Drap. + VS C 170 165 335
16 Pupilla sp. 20 20
Spolu 1073 694 1767

Biostratigrafické tidaje (Bt): - + - sprajové druhy, (+) - miestne alebo
prileZitostné spraové druhy, ++ - indexové sprafové druhy,
(I) - eurytermné druhy teplych obdobi. Ekologické skupiny (Es):
L - les, L (M) - les, miestami aj stredne vlhké nelesné stanoviste,
L(V) - les, miestami aj vlhké nelesné stanovidte, S - step a xerotermné
skaly, O - otvorené stanoviste, XS - suchsie lesné aj nelesné stanovis-
te, M - stredne alebo nerovnako vlhké lesné aj nelesné stanoviste,
RL - stredne vlhké skaly, kmene stromov v lese, VS - vlhsie lesné aj
nelesné stanoviste.

Hlavné ekologické skupiny (HEs): A - les vSeobecne, B - bezlesie
v8eobecne, C - les aj bezlesie.
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(540 ks = 30,5 %), Pupilla muscorum densegyrata Lzk. -
indexovy spraSovy druh (403 ks = 22,8 %) a Vallonia te-
nuilabris (A. Br.) - dalsi indexovy sprasovy druh (206 ks
= 11,6 %). Tieto tri druhy predstavuju 64,7 % vsetkych
ndjdenych jedincov. ESte pomerne hojne je zastipeny
druh Succinea oblonga Drap. (335 ks = 18,9 %). Ten
obyva najmi nivné biotopy, indikuje teda skor vlh3i bio-
top, ¢o dobre koreSponduje s ndlezom zvySkov bobra. Ne-
zriedka Zije aj na suchSich miestach - na dapiti skal, ojedi-
nele aj na miestach xereotermného razu v spolocenstve
stepnych druhov. Neobyc¢ajne pocetny byva prave v mlad-
Sej sprasi (Kerndtsova, 1991). Ostatné druhy su zastipené
slabo.

Ako vyplyva z tab. 2, prevladaju ulitniky spraSe, a to
od indexovych druhov az po prilezitostné. Biotop podla
fauny ulitnikov charakterizujeme ako otvoreny, bez dre-
vin. Jeho najpocetnejSim reprezentanom je druh Pupilla
muscorum (L.), Pupilla muscorum densegyrata 1LZk.
a Vallonia tenuilabris (A. Br.). V1hsi biotop je vo vic-
Sej miere zastipeny druhom Succinea oblonga Drap.,
ktory - vzhladom na pritomnost dalSich druhov s vy3si-
mi narokmi na vlhko - indikuje mierne vlhsie podnebie.
SlabSie su zastupené druhy indikujice suché a stepné
stanoviste, stredne vlhké stanoviSte a rozli¢né lesné sta-
novistia.

Druh Euomphalia strigella (Drap.) je eurytermny mlado-
holocénny aZ recentny druh teplych oblasti a do tohto
spraSového spoloenstva nepatri. Bol sem zrejme splave-
ny z nadloZia. Vyrazne prevazuji druhy chladného boreo-
alpinskeho spolo¢enstva. V malej miere si zastipené aj
druhy stredne teplych sprasSovych spolocenstiev. Pritom-
nost druhu Vallonia tanuilabris (A. Br.) a najmi Colu-

mella columella (Mart.) jednozna¢ne zaraduje sedimentd-
ciu spraSe do obdobia najmlad3ieho glacidlu W3.

Zaver

1. Podla ndjdenych kamennych nastrojov sa lokalita za-
raduje do gravettienu.

2. Radiometricky stanoveny vek je 20 000 = 1000 ro-
kov.

3. Na zdklade fauny cicavcov bol ureny vek W3, azda
jeho vrcholiaca ¢ast s Gstupom mamuta.

4. Fauna ulitnikov dokumentuje paleoekologické pod-
mienky - student klimu s moZnostou vlhSich stanovis(
(Succinea oblonga Drap.).

Podakovanie. Autori vyslovuji vdaku dr. Bartovi za poskytnutie fo-
silneho materidlu a prof. Chrapanovi za ur¢enie rddiometrického
veku fosilnych zvy3kov pri samotnom vyskume na lokalite.

Literatira

Barta, J., 1982: Mladopaleolitické sidlisko v Tren¢ianskych Bohuslavi-
ciach. Archeologické vyskumy a ndlezy na Slovensku v roku 1981,
(Nitra), 27 - 29.

Kafka, J., 1916: Kopytnici zem& Ceské Zijici i vyhynuli (Ungulata).
Archiv pro prirodovédecky vyskum Cech. Sv. XVI, 3, 1 - 79.

Kernéatsova, J., 1991: Kvartérne mikky3e niektorych odkryvov
z Gizemia zdpadného Slovenska. Manuskript - PriF UK, Bratisla-
va, 219.

Klima, B., 1983: Dolni Vé&stonice, tabofist¢ lovel mamutil. Pamdrtky
nasi minulosti, CSAV, (Praha), 12, 177.

LozZek, V., 1955: M&kkysi Ceskoslovenského kvartéru. Rozpr. Ust?.
Ust. geol., Sv. XVII, 510 strdn, CSAV, (Praha).

Musil, R., 1959: Osteologicky materidl z paleolitického sidliSt€ v Pav-
lov&. Cast 11. Anthropozoikum (Praha), 8, (1958), 83 - 106.



Mineralia Slovaca, 29 (1997), 237 - 239

Zlatonosny tetraedrit zo Striebornej zily (bana Maria, Roznava)

LUBOSLAV MATO a TIBOR SASVARI

'Geologicky ustav SAV, Severnd 5, 974 01 Banska Bystrica
katedra geoldgie a mineraldgie F BERG Technickej univerzity, Park Komenského 15, 043 84 KoSice

(Dorucené 3. 2. 1997, revidovand verzia dorucend 14. 3. 1997)

Au bearing tetrahedrite from the Strieborna vein (Maria mine, RoZnava, Slovakia)

Gold leaves of micrometer size were found in Ag tetrahedrite from the Strieborna vein, Mdria mine,
Rozhiava ore field. Two types of gold leaves in composition are present - native gold in tetrahedrite I -
and younger Au-Hg-Ag alloy in tetrahedrite 11. The distribution trends of Ag, Cu, and Sb, Au, Bi, Hg,
respectively, and thickness in course of the Strieborna vein proved a new economically significant ore

reserves.

Key words: epigenetic, mineralization, siderite, Ag-tetrahedrite, gold, deformation, textures, Striebornd

vein, Roznava, Slovakia

Uvod

Popri siderite, ekonomicky hlavnej zlozky v minulosti
exploatovanych roZiiavskych kremenovo-sideritovo-poly-
sulfidickych Zil, sa od 50., resp. 60. rokov pozornost po-
stupne sustredovala na sprievodnui polysulfidickd minera-
lizaciu, najmi na tetraedrit, ktory je jej hlavnym minera-
lom. Zaroveti s charakteristikou mineralogickych pome-
rov (paragenéza, sukcesia vyvoja mineralizdcie, identifika-
cia minerdlov v pestrej asociacii) Zil v zapadnej a vychod-
nej Casti rudného pola (Varcek, a 1959; Novik, 1960,;
Trdlicka, 1963; Rozloznik, 1981; Mesarcik, 1980
a 1994; Mesarcik et al., 1991 a ini) viaceri autori geoche-
micky intenzivne skimali aj tetraedrit (zmeny v distribu-
cii, koncentrécii, mineralogickej charakteristike a obsahu
stopovych prvkov).

Suma mineralogickych a geochemickych poznatkov
o tetraedrite, ktory v Zilnych Struktirach asociuje s pre-
vaznou viacSinou minerdlov, sa postupne zvacsila. Vzhla-
dom na jeho celkovu koncentrdciu a varidciu v distribucii
sa konStatovalo, Ze obsah viacerych prvkov v tetraedrite
(Cu, Ag, Sb, resp. Bi, As a Zn) je ekonomicky vyznam-
ny, av8ak technoldgiu spracovania a extrakcie prvkov
z tetraedritového koncentrdtu sa podarilo vyriesi( iba ne-
davno.

Hoci pritomnost Au v zildch roziiavského rudného pola
bola zndma uZ v minulosti (pozri excerpovant sihrnnd aso-
cidciu minerdlov z prace Zimanyia, 1907; Pappa, 1919, in
Bartalsky et al.,