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New paleogeographic and tectonic interpretations in the Slovakian Carpathians
and their implications for correlations with the Eastern Alps.

Part I: Central Western Carpathians

HEINZ KOZUR' and RUDOLF MOCK?

'Rézsii u. 83, H-1029 Budapest, Hungary
2Karloveska 57, 841 04 Bratislava, Slovakia

(Received 2, 2, 1996)

Abstract

The tectonic subdivision of the Central Western Carpathians (CWC) from the Manin Unit and Tatri-
cum in the north to the Veporicum in the south is redefined. Basement nappes (high and low-grade me-
tamorphic rocks, granitoids) and low-grade metamorphic (Permo-)Mesozoic cover units of most of the
Malé Karpaty Mts. (Bratislava, Hainburg and Modra nappes), Tribed Mts. and of large parts of the Se-
lec and Hlohovec blocks of the Povazsky Inovec Mts. as well as of CWC inliers (“islands™) in the Ter-
tiary volcanics do not belong to the re-defined Tatricum, but are northernmost units of the Veporicum.
Penninic or transitional Penninic-Lower Austroalpine units, such as the Borinka Nappe of the Malé
Karpaty Mts., Belice Nappe of PovaZzsky Inovec Mts., Ifalovce-Kri¢evo Unit (pre-Neogene schistes
lustrés, Schwarzschiefer, basic and ultrabasic magmatics) of Eastern Slovakian Basin, are situated tec-
tonically below these northernmost Veporic units. These Penninic units (part of the Vahicum sensu
Mahel, 1981) are therefore not a part of the Pieniny Ocean north of the Tatricum as generally assumed
for the Vahicum, but situated south of the Tatricum and Fatricum. Consequently, the re-defined Tatri-
cum has an intra-Penninic position, but the above mentioned “Tatric” units of northernmost Veporic
provenance can be well correlated with Lower Austroalpine units. Only the southernmost Veporicum
may correspond to those parts of the Middle Austroalpine Zone that were originally situated between
the Lower and Upper Austroalpine zones. Other parts of the “Middle” Austroalpine Zone sensu
Tollmann may be crystalline basement of the Upper Austroalpine Zone (e. g. Silvretta basement) or be-
long to the Central Alpine Ridge south of the Upper Austroalpine Zone (e. g. Stangalm Mesozoicum).
These units do neither correspond to the Middle Austroalpine Zone nor to the Veporicum.

Key words: Central Western Carpathians, Tatricum, Fatricum, Veporicum, stratigraphy, paleogeography,
Lower and Middle Austroalpine zones, Penninic Ocean, exotic pebbles

1. Introduction

Several new geological data of the Eastern Alps and
Western Carpathians are inconsistent with published pa-
leogeographic and tectonic models of both areas and, abo-
ve all, with previous tectonic correlations (Andrusov,
1968; Hiusler et al., 1993; Haas et al., 1995; Mahel,
1986; Plagienka, 1995a; Tollmann, 1990).

New models of the geotectonic evolution and paleogeo-
graphic reconstruction (e. g. Bauer, 1987; Kozur, 1991a,
b; Kozur and Mostler, 1992; Leiss, 1992; Schonlaub,
1993, von Raumer and Neubauer, 1993; Neubauer, 1994,
Stampfli and Marchant, 1995; Channell, 1996) solved some
problems, but the complex history of both the Eastern
Alps and the Western Carpathians with the opening of se-
veral small oceans and several collisional events since the
Proterozoic, made correlations very difficult. Large scale
tectonic transport during opening and closure of oceanic
belts, strike-slip motions and convergence during Alpine,
Cimmerian, Hercynian and pre-Hercynian evolution have
to be taken into consideration. Not only the pre-Mesozoic
Alpine basement of both areas consists of a complex collage
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of composite terranes (von Raumer and Neubauer, 1993),
but also the Cimmerian-Alpine history is characterized in
the Western Carpathians and eastern part of the Eastern
Alps by the interactions of two main oceanic systems,
the Cimmerian Ocean (called Meliata Ocean at its north-
western end, Kozur, 1989d; 1991a, b; Neubauer, 1994)
and the Penninic Ocean. Both these oceans contained con-
tinental blocks of different width and length dividing some
segments of these oceans into two branches.

In this complicated tectonic situation, exactly dated
stratigraphic successions and the knowledge of the mag-
matic and metamorphic development in compared tectonic
units are the basis for any paleogeographic reconstruction
within the Western Carpathians and for correlations bet-
ween them and the Eastern Alps. New models for this
correlation require a reconsideration of the previous corre-
lations within the Western Carpathians and Eastern Alps
that are partly inconsistent with new geological data. The
main problems in the CWC are: (1) Inconsistent distinc-
tion between the Tatricum and Veporicum throughout the
CWC. (2) Origin of the exotic pebbles in Albian-Tu-
ronian conglomerates of the Pieniny Klippen Belt, Tatri-
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Fig. 1. Slovakian part of the Central and Inner Western Carpathians with geographic position of the core mountains (most of therm are discussed in the paper) with surface outcrops of crystallin base-
ment, Paleozoic and Mesozoic rocks. | - Crystalline complexes, 2 - Paleozoic, 3 - Mesozoic of Central and Inner Western Carpathians, 4 - Mesozoic of the Pieniny Klippen Belt, 5 - Upper Creta-
ceous and Paleogene of the Flysch Belt (Outer Western Carpathians), 6 - Central and Inner Western Carpathian Paleogene, 7 - Neogene volcanics, 8 - Neogene and Quarternary deposits. Abbreviations:
P. L - Povaisky Inovec Mts., V. R. - Veporské rudohorie Mts., S. G. R. - Spi§sko-gemerské rudohorie Mts., B. - Brarisko Mts., Z. - Zemplinske vrchy Mts., Z. - Ziar Mts.
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cum and Fatricum. (3) Paleogeographic significance of
Penninic units in windows below CWC. (4) Relation of
the Tatricum to the Penninic units. (5) Significance of
Alpine metamorphism in the CWC,

In the present paper, an overview about the CWC units
and their correlation within the Western Carpathians and
with the Eastern Alps is given. The Early Mesozoic tecto-
nic evolution of the CWC and the time of nappe formation
are discussed together with the tectonic evolution of the In-
ner Western Carpathians in Kozur and Mock (in press).

2. Tectonic units of the Central Western Carpathians

The subdivision of the Western Carpathians (for location
of discussed areas of the Slovakian part, see Fig. 1) in
large tectonic units appeared to be well established since
many years (e. g. Andrusov, 1968; Mahel et al., 1968).
However, because of the discovery of remnants of the
Middle Triassic to Early Oxfordian Meliata Ocean by Ko-
zur and Mock (1973a, b), considerable changes of the pre-
vious models became necessary for the Inner Western
Carpathians south of the Veporicum (Kozur and Mock,
1973a, b, 1987, 1988; Kozur, 1991a, b; Mahel, 1986,
and Kozur and Mock, in press). In the contrast, the deli-
mination of the CWC (Kozur, 1979) and its subdivision
can be maintained. However, the correlation of the CWC
tectonic units between their classical area (from the Tatra
Mountains in the north to the Veporské rudohorie Moun-
tains in the south) and smaller and isolated occurrences in
the west, such as Malé Karpaty Mts. (Little Carpathians),
Povaizsky Inovec Mts., Tribe€ Mts. (locations see Fig. 1)
is partly inconsistent. Moreover, the original position of
some units (e. g. Manin, Velky Bok, Borinka, Belice
units) is disputed. And finally, some (South) Penninic
units have been also found below Veporic nappes
(Plagienka, 1987, 1995a, b; Plagienka et al., 1991,1994),
but these Veporic nappes were assigned to the Tatricum.

The Western Carpathians south of the Pieniny Klippen
Belt were for longer time either designated as Central
Western Carpathians (e. g. Andrusov, 1968) or as Inner
Western Carpathians (e. g. Mahel et al., 1968; Mabhel,
1974). Kozur (1979) divided this area into CWC (all units
north of the Margecany-Lubenik Line and south of the Pie-
niny Klippen Belt and Inner Western Carpathians south of
the Veporicum. This subdivision is now mostly accepted
(e. g. Mahel and Malkovsky, 1984; Mahel, 1986, 1987,
1988; Hovorka and SpiSiak, 1989), but sometimes the
Gemericum south of the Veporicum is not assigned to the
Inner Western Carpathians, but to the CWC (Mabhel,
1986) or to the Pelso Unit, a hypothetical, useless and
meaningless “unit” consisting of different Dinaric, Wes-
tern Carpathian and other units of totally different geologi-

cal history and paleogeographic setting (Haas et al, 1995).:

Even the subdivision in Central and Inner Western Car-
pathians is genetically too coarse with respect to the CWC.
The herein used and partly re-defined units Tatricum, Fatri-
cum and Veporicum for the CWC are a useful subdivi-
sion with respect to the tectonic history of these units.
Those nappes that were derived from the slopes and

shelves of the Meliaticum, are parts of the Inner Western
Carpathians. Therefore, nappes of Inner Western Car-
pathian origin (e. g. Cho¢ and StrdZov nappes) overlie the
Central Western Carpathians (Fig. 2) that are re-defined
herein as units that originated north of the Margecany-Lu-
benik Line and south of the Pieniny Klippen Belt. Tecto-
nic windows below the Veporicum with Penninic deve-
lopment are also in the Western Carpathians correlated
with the Penninicum (Vahicum sensu Mahel, 1981).

The tectonic units of the CWC are briefly discussed in
the order of their assumed original N-S arrangement.

Manin Unit

The paleogeographic position of the Manin Unit is dis-
puted. According to the most authors, the Manin Unit
was derived from an area immediately north of the Tatri-
cum and south of the Pieniny Klippen Belt (e. g. Salaj
and Samuel, 1966; Andrusov, 1968; Mahel et al., 1968;
Migik, 1978; Marschalko, 1978; Kysela et al., 1982;
Dal Piaz et al., 1995). Andrusov (1965) assigned the Ma-
nin Unit to the innermost Pieniny Klippen Belt. Mahel
(1978, 1986) and Plasienka (1995a) assigned the Manin
Unit to the Fatricum, laterally beside the root zone of the
Vysoké Nappe (northernmost Fatricum). The presence of
Urgonian Limestone (absent in the Fatricum), missing
Albian conglomerates with exotic pebbles (present both
in the Tatricum and in the Fatricum) and undoubtedly
proven Campanian beds (much younger than the youn-
gest beds in the assumed adjacent northern Fatricum and
Tatricum) is not in agreement with such an original posi-
tion of the Manin Unit. However, the presence of an Al-
bian basinal to submarine swell facies, partly with hard-
grounds indicating low sedimentation rates and subsolution,
is also difficult to explain by an original position of this
unit between the Klape Unit and the Tatricum, both with
Albian conglomerates that contain exotic pebbles. In
both assumed positions north or south of the Tatricum,
the Manin Unit can be only a rather local succession
without lateral continuation. Consequently, in the present
stage of our knowledge, the original position of the Ma-
nin Unit does not much contribute to the understanding
of the geological history of the CWC. Theoretically, also
an original position between the southern branch of the
Penninicum and the Fatricum would be possible. This
would explain both the absence of Albian conglomerates
with exotic material and the presence of Turonian pelagic
marls and Campanian siliciclastic rocks. However, the
Barremian-Aptian Urgonian shallow-water limestone does
not support such a position.

Undoubtedly proven as part of the Manin Unit are Juras-
sic to Upper Cretaceous deposits, but Mahel (1986} repor-
ted also Upper Triassic rocks (Carpathian Keuper and ma-
rine Rhaetian). Liassic to Lower Dogger sandy or cri-
noidal limestones as well as sandstones are overlain by
Upper Dogger to Lower Malm nodular or cherty limesto-
nes and radiolarites, Upper Malm and Lower Cretaceous
pelagic Calpionella limestones and cherty limestones,
Barremian and Aptian Urgonian Limestones, Lower



- N P 0L anp
Der /ﬂ' .

\/\(} .. ﬂA A, vx rf’J o s
i ol )

\Z

S mm
n.»“%‘“m

o ' y
¢ f g T
: 4] > QU -
o edaiy A
< . : ’ i I"lll’lmuFim " ll ] “\\ { [
i /T . " "“"{LI’;, I:;‘-\\t“ "l "I || " N |
< / ‘mm“m\\\“ fn; " D \\\'. 4 l!!' o ;’ !!’lﬁ"?\‘m“ [ i
. I U \! SRANSY ) '.ﬂ'/'
/ S5 ‘T" #; GD TR
/ . 'l .‘ 5 /:“’j‘ YT
et k l‘|| n' ./\'.\ ‘\,‘I\.|/\, "\L ‘,
. y oo |

NN
N
S ey
Vo
g
e

.
-
N
\
.-
-

F .
A} -
S
PR 1

S
R
1

7

L1 Y o[k #]

Fig. 2. Major tectonic units of Western Carpathians in Slovakia. 1 - Inner Western Carpathian units south of the Margecany-Lubenik Line and Inner Western Carpathian Upper Palcozoic-Mesozoic
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-Lubenik Line, 9 - South Penninic and marginal South Penninic units, black stars: Borinka and Belice units at the surface, empty stars: Ifiaovce-Kricevo Unit below Tertiary-Quarternary cover.
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Albian cherty limestones, hardgrounds, Upper Albian-Lo-
wer Cenomanian pre-flysch (pelagic marls), Cenomanian
coarse graded sediments with conglomerates that yielded
exotic pebbles, hemipelagic Middle Turonian variegated
marls (similar to the Pichov Marls of the Pieniny Klip-
pen Belt) and thick Campanian siliciclastic rocks. There are
problems, whether all the mentioned rocks as well as
younger rocks and Triassic deposits, partly also assigned to
the Manin Unit (Mahel, 1986) belong to this succession.

Tatricum

The classical Tatricum is situated south of the Pieniny
Klippen Belt and north of the Certovica Line that sepa-
rates the Tatricum from the Veporicum, but which is
also the root zone for other units. Tatricum occurs in the
northern part of Branisko Mts. (Smrekovica anticline),
Vysoké Tatry, in the northern part of the Nizke Tatry
(north of Certovica Line), in the Velka Fatra, Mala Fatra,
Ziar, Strazovské vrchy (with Mald Magura and Suchy
massifs), in the Bojna Block of the PovaZsky Inovec
Mts. (for location of these so-called core mountains see
Fig. 1) as well as in the Ore3any Unit and related units in
the Malé Karpaty Mts. (Fig. 3). The Tribe¢ Mts., large
parts of the Selec and Hlohovec blocks of the PovaZsky
Inovec Mts. and the Bratislava, Hainburg and Modra
nappes of the Malé Karpaty Mts., up to now assigned
also to the Tatricum, are interpreted to belong to the nort-
hern part of the Veporicum (see under this unit).

The Tatricum is characterized by the following geologi-
cal features:

- The basement consists of granitoid and predominatly
high grade metamorphic rocks (gneisses, migmatites,
quartzites, micaschists, subordinate amphibolites). Meta-
morphic limestones are absent. Low grade metamorphic
rocks are in general missing; reported larger occurrences
of these rocks from some units of the “Tatricum™ in the
Malé Karpaty, Povazsky Inovec and Tribe¢ Mts. do not
belong to the Tatricum, but to the re-defined northern Ve-
poricum (see under this unit).

- No Alpine metamorphism occurs in the Mesozoic co-
ver. Alpine deformation of the basement is limited to nar-
row mylonite zones.

- Carboniferous and Permian rocks are largely missing.
The cover series begins usually with the Middle Scythian
(Lower Olenekian, Fuglewicz, 1979) LiZna Fm. (“basal
quartzites”) that consists of conglomerates, quartzites and
siltstones. This formation is overlain by Werfen Beds
with Rauhwacke, shallow-water limestones and dolomites
of Middle Triassic to Cordevolian age, Carpathian Keuper
and in some places continental Rhaetian (Tomanovd Fm.).
Mostly the Rhaetian is missing because of a stratigraphic
gap. In some southern units (Mald Magura Unit of the
StraZovské vrchy and in the Ziar Mts.) marine Rhaetian
is present. Marine Rhaetian is also reported from the Bec-
kov Unit of the PovaZsky Inovec Mts. (Mahel, 1986) but
the tectonic position of this unit is unclear; it may belong
to the Fatricum. Lower Jurassic clastics and shallow-wa-
ter carbonates with pebbles of Triassic limestones, quart-

zites, granites and gneisses are overlain by Middle Ju-
rassic to Lower Cretaceous shallow-water to pelagic sedi-
ments (limestones, cherty limestones, rare radiolarites). In
the northern units the Lower Jurassic is partly missing.
Shallow-water limestones are frequent, especially in the
Lower Dogger. Some limburgites occur in the uppermost
Jurassic. Marls and Urgonian Limestone (missing in the
southernmost units) occur in the Upper Barremian and
Aptian. After an upper Aptian hiatus, sedimentation
ends with Albian to Lower Turonian flyschoid marls and
sandstones.

- The Tatricum is tectonically overlain by the KriZna
Nappe and other nappes of the Fatricum that are rooted in
the Certovica Suture between the Tatricum and the Vepo-
ricum. These nappes are overlain by the Cho¢ Nappe.

- Albian conglomerates of the Tatricum contain pebb-
les of exotic Triassic pelagic dark-gray limestones and
marly limestones ranging as high as the Misikella hern-
steini Zone (Migik et al., 1981; Birkenmajer et al.,
1990). These pebbles were derived from obducted pelagic
Triassic sequences of the Andrusov Ridge (Birkenmajer,
1988), situated near the boundary between the CWC and
the Pieniny Klippen Belt, a result of the southward direc-
ted subduction of the Pieniny Ocean (see chapter 3).

West of the classical Tatricum (Vysoké Tatry, northern
part of the Nizke Tatry, Velk4 Fatra, Mald Fatra, Ziar
Mts. and StraZovské vrchy) only few units belong to the
Tatricum, if we apply the above mentioned criteria for
this tectonic zone. In the Malé Karpaty Mts. that were as-
signed up to now to the Tatricum (in the north covered
by Fatricum and Hronicum nappes), only the deepest tec-
tonic units in the northeastern and northern part belong to
the re-defined Tatricum. The Ore$any Unit of the north-
eastern Malé Karpaty Mts. lies tectonically below the
Modra Nappe that lies, in turn, tectonically below the
Bratislava Nappe (Fig. 3) that we assign both to the Ve-
poricum. The Ore§any Unit displays unmetamorphic Me-
sozoic rocks. According to Plaienka et al. (1991), the
lithologic content of this Mesozoic considerably differs
from the Borinka Unit and other Mesozoic successions of
the Malé Karpaty Mts. The Triassic is deeply eroded, the
Upper Triassic is perhaps originally missing. The Lower
Jurassic consists of shallow-marine, bioclastic and sandy
limestones, overlain by Middle Jurassic dark shales, gray-
wackes, polymict conglomerates, Upper Jurassic to Lo-
wer Cretaceous calciturbidites, Barremian and Aptian
coarse-grained, sandy limestones, and Albian clastic sedi-
ments with conglomerates that contain exotic pebbles
from the Andrusov Ridge (Misik et al., 1981). In contrast
to typical Tatric units, Lower Cretaceous Urgonian
Limestone is missing. This suggests a position in the
southern Tatricum.

Along the northern margin of the Malé Karpaty Mts.,
there are narrow stripes of Mesozoic rocks that were as-
signed by Plagienka et al. (1991) to the Solirov, Kadlu-
bek and Kuchyia units (Fig. 3). The Solirov Unit lies
according to PlaSienka et al. (1991) tectonically above the
OreSany Unit, but it s tectonically overlain by the Vyso-
k4 Nappe of the Fatricum. This suggests an originally
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Fig. 3. Geological sketch of the Malé Karpaty Mountains. Compiled
from Pla%ienka et al. (1991) and Michalik et al. (1993). 1 - Borinka
Unit, 2 - Devin Unit (Upper Paleozoic-Mesozoic cover unit of the Hain-
burg Nappe), 3 - Kuchynia Unit, 4a - Solirov Unit, 4b - Kadlubek Unit,
5 - OreSany Unit, 6 - Modra Nappe (with low-grade metamorphic
Harménia Unit), 7 - Veterlin Nappe (Hronicum), 8 - Vysokd Nappe
(Fatricum), 9 - Bratislava Nappe, 10 - Hainburg Nappe, 11 - overt-
hrust planes, B - Borinka Unit. White field with question mark: Unit of
unclear tectonic position, according to Plasienka et al. (1991) a Her-
cynian nappe within the Alpidic Bratislava Nappe.

somewhat more southern position than the Ore§any Unit,
but also a position in the southern Tatricum. Triassic
rocks are missing in this succession, Liassic breccias are
overlain by Middle Jurassic to Lower Cretaceous pelagic
sediments with some intervals of bioclastic limestones,
overlain by Barremian bioclastic sandy limestones.

The Kuchyila succession further in the west (Fig. 3) is
similar. Liassic breccia directly overlies crystalline base-
ment, Middle Jurassic to Lower Cretaceous consist of pe-
lagic sediments with some intervals rich in bioclastic lime-
stones in the Dogger and Hauterivian to Barremian. The
isolated occurrence of the Kadlubek succession (Fig. 3)
consists of thin, pelagic, condensed red limestones with
hardgrounds and neptunian dykes. According to Plasienka
et al. (1991) also these two units are overlain by the
Vysoka Nappe.

The successions of the OreSany Unit and other Tatric
units of the Malé Karpaty Mts. suggest that south of typi-
cal Tatric units with Carpathian Keuper in the Upper
Triassic and Urgonian facies in the Barremian to Aptian,
there are Tatric units without Urgonian facies (as in the ad-
jacent Fatricum) and with a strongly reduced or missing
Triassic. This area represents during the Triassic a partly
subaerial ridge between the Tatricum and the Fatricum,

whereas the Jurassic-Cretaceous facies is generally more
basinal than in the Tatricum (transitional to the Fatricum).

Tatricum, Fatricum and (South) Penninic units have been
discriminated in the tectonically very complicated Po-
vazsky Inovec Mts. (Mahel, 1986; Pladienka et al., 1994;
Plagienka, 1995a, b). Typical Tatric crystalline basement
(paragneisses, migmatites, granitoids) and an unmeta-
morphic cover unit (Inovec Unit) with Rhaetian hiatus
and Albian conglomerates (containing exotic pebbles) are
known from the Bojnd Block (Mahel, 1986; Miik et al.,
1981; Pla§ienka and Marko, 1993). However, the assumed
“Tatricum” in the southern corner of the PovaZzsky Inovec
Mts. (Hlohovec Block) belongs to the re-defined Vepo-
ricum with metamorphic Mesozoic cover. Also in the
northern, very complicated Selec Block, the presence of
re-defined Tatricum cannot be confirmed. The Beckov Unit
in the west of this block, which was assigned originally
to the Tatricum (Mahel, 1959; Mahel et al., 1968), is
characterized by very thick (up to 150 m) Carpathian
Keuper, the presence of marine Rhaetian, Callovian-Lo-
wer Oxfordian radiolarites and absence of Urgonian facies,
and conseqeuntly its succession is more similar to the Fa-
tricum than to the Tatricum. This supports the assignment
of the Beckov Unit to the Fatricum by Mahel (1986). The
“Tatric” crystalline in the east of this block consists predo-
minantly of micaschists and diaphthoritic rocks and resem-
bles therefore Veporic crystalline. In tectonic windows the
Penninic Belice Unit is present (see below).

Fatricum

The term Fatricum was introduced by Andrusov et al.
(1973) for the large KriZna Nappe lying on a complex
system of small frontal nappes or slices (Vysoké, Bel4,
Duréina, Havran etc. nappes). Only Mesozoic rocks are
known from the Fatricum. For long time, it was regarded
as part of the Subtatricum introduced by Uhlig (1897).
Andrusov (1968) recognized that this name is inconsis-
tent with its higher tectonic position than the Tatricum,
but he maintained the name that was until that time
applied by all authors. However, he separated this nappe
complex as Lower Subtatricum from the Middle and
Upper Subtatricum, to which he assigned the Inner West
Carpathian nappes (e. g. Cho¢ and StrdZov nappes) on the
Central Carpathians. Subsequently, Andrusov et al.
(1973) replaced the Lower Subtatricum by the term Fatri-
cum that is also used in the present paper.

Important features of the Fatricum are:

- The Fatricum consists exclusively of Mesozoic cover
nappes. Lower Triassic quartzites are rarely present. The
sequence begins generally with Werfen Beds or Middle
Triassic shallow-water limestones and dolomites. Lunz
beds are well developed. They are overlain by dolomites,
thick Carpathian Keuper and marine Rhaetian. During the
Liassic, a distinct deepening can be observed; the upper
Liassic is mostly pelagic (e. g. spotty marls). Dogger to
Neocomian are characterized by pelagic sediments (pela-
gic, partly cherty limestones, in the Bathonian to lower
Oxfordian mostly radiolarites). A few basic volcanics
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occur in Lower-Cretaceous deposits. The Albian-Cenoma-
nian sequence consists of claystones, marls, sandstones
and conglomerates, in the upper part of flysch character.
The sedimentation ends in the Cenomanian.

- No alpine metamorphism is observed.

- Exotic pebbles from the Andrusov Ridge are present
in Albian conglomerates (Mi§ik et al., 1981), but smaller
than in the Tatricum and in the Pieniny Klippen Belt.

- The Fatricum lies always tectonically in a nappe po-
sition on the Tatricum.

The presence of exotic pebbles from the Andrusov Ridge,
but also the general Triassic-Cretaceous development
suggests that the Fatricum was rooted immediately south
of the Tatricum. In the Jurassic and partly also in the
Cretaceous, the facies of the Fatricum indicates a distinct-
ly greater water depth than in the Tatricum. This develop-
ment began already in the Rhaetian with marine shallow-
water deposits versus continental deposits or subaerial de-
nudation in the Tatricum. Only in the southernmost units
of the Tatricum the Rhaetian is marine.

Several units were repeatedly assigned to the Fatricum
that do not belong to this unit. For a long time, the
Velky Bok Unit (metamorphic Mesozoic cover of the
northern Veporicum) was erroneously assigned to the
KriZna Unit. However, Biely (1961) recognized that the
KriZna Nappe is rooted in the Certovica Line and lies al-
ways in nappe position on Tatricum. This view was
according to Andrusov (1968) already generally accepted,
but Mahel (1974) assigned the Mesozoic cover of the
northern Veporicum (Velky Bok Unit) again to the Kriz-
na Unit. Today it is generally accepted that the meta-
morphic Velky Bok Unit as Mesozoic cover of the nort-
hern Veporicum cannot be united with the unmetamorp-
hic Fatricum. However, PlaSienka (1995a) assigned the
Velky Bok Unit again to the Fatricum, but presented no
evidences for this assignment. Because the Velky Bok
Unit is low-grade metamorphic and usually still connected
with the Veporic basement, the assignment of this unit to
the Fatricum by Pladienka (1995a) is unsubstantiated.

The Manin Unit (see above under this unit) is also placed
by several authors to the Fatricum (Mahel, 1978, 1986;
Pla%ienka, 1995a). We prefer its assignment north of the
Tatricum and south of the Pieniny Klippen Belt, but it
may consist of several tectonic units of different paleo-
geographic provenance.

Penninic units in windows below the Veporicum

Mabhel (1981) recognized for the first time South Penni-
nicum in the Western Carpathians, and he introduced for
this unit the term Vahicum. He recognized correctly that
the Vahicum was situated originally NW of the “Tatricum”
of Malé Karpaty and PovaZsky Inovec Mts. Consequently,
he regarded the Vahicum as oceanic part of the Pieniny
Klippen Belt. However, the Pieniny oceanic to suboceanic
trough opened at a place, where pelagic Middle and Upper
Triassic deposits were present in a rift zone that continued
from the Transylvanian triple point until the western part
of the Pieniny Klippen Belt (Kozur and Mock, 1987,

1988; Kozur, 1991a, b). Remnants of these pelagic Trias-
sic rocks were found in Albian and younger conglomerates
of the Pieniny Klippen Belt, Tatricum and Fatricum
(Misik et al., 1981; Birkenmajer et al., 1990). In contrast,
all sequences of the Vahicum, both oceanic and marginal
ones (see below), opened in an area with Middle Triassic
dolomites and probably missing Upper Triassic (presence
of Carpathian Keuper cannot be excluded). They do not
contain any exotic pebbles in the Albian or Turonian. The-
refore the Vahicum and the Pieniny Klippen Belt are two
different units. As we demonstrate below, those parts of
the Malé Karpaty Mits. that are tectonically underlain by
the Borinka Unit do not belong to the Tatricum, but to the
northern margin of the re-defined Veporicum. This is pro-
bably also true for those parts of the Povazsky Inovec
Mts. that are tectonically underlain by the Penninic
(Vahic) Belice Unit. The Pieniny Klippen Belt, however,
lies north of the re-defined Tatricum. Pieniny Klippen Belt
and Vahicum (Penninicum) are therefore two different oce-
anic-suboceanic realms or two branches of the same ocean
separated by the Tatric-Fatric block with continental crust.
Because the term Vahicum was up to now used as an equi-
valent of the Pieniny Ocean, the term is misleading and
will not be used herein. We apply the Alpine term Penni-
nicum. However, the recognition of the (South) Penninic
character of the Vahicum by Mahel (1981) remains a very
important result for the Carpathian geology.

We do not separate South and North Penninicum in the
Western Carpathians, because the Middle Penninic
Eriangonnais Ridge probably does not extend much farther
east than the Engadine Window and the North and South
Penninic oceanic realms merge in the area of the Tauern
Window (Stampfli and Marchant, 1995). Therefore we
do not assign the re-defined Tatricum to the Middle
Penninicum as Tollmann (1977, 1990) did, despite the
fact that it is together with the adjacent Fatricum a conti-
nental realm bordered in the N and S by oceanic Penninic
troughs (see chapter 3.). However, this does not indicate a
Middle Penninic position but rather an intra-South Penni-
nic position, if the Western Alpine term is used.

The Borinka Unit at the western margin of the Malé
Karpaty Mts. is generally regarded as a marginal Tatric
unit at the slope of the (South) Penninic Vahicum
(Pladienka and Puti§, 1987; PlaSienka et al., 1991). We
agree with a position near to the southern margin of the
Penninic ocean, but we do not regard the Hainburg nappe
as a Tatric, but as northern Veporic Unit (see below). Be-
cause of its paleogeographic importance, the Borinka
Unit is discussed together with the Penninic units.

The Borinka Unit is the tectonically lowermost unit of
the western Malé Karpaty Mts. This low-grade meta-
morphic Jurassic to (?) Lower Cretaceous Unit consists
of two sequences, a more marginal succession of Prepadlé
and Somér formations and a more basinal succession of
Korenec and Marianka (Mariathal) formations. The margi-
nal zone consists of scarp breccias. In the Lower Jurassic
Prepadlé Fm., Triassic carbonate clasts predominate. In
the Middle Jurassic to Upper Jurassic or Lower Creta-
ceous Somdar Fm., the breccias are dominated by crystalline
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Fig. 4. Composite sequence of the low-grade metamorphic Belice Unit (Penninicum) in the northern PovaZsky Inovec Mts. (modified after PlaSien-
ka et al., 1994). Cenomanian not yet fossil-proven. 1 - Red and greenish radiolarites, pelagic limestones, 2 - red and variegated pelagic marls with

Turonian foraminifers, 3 - dark gray, carbonatic claystones with thin s

iltstone intercalations, 4 - grey finegrained, calcareous sandstones,

5, 6 - gray sandstones (5) with polymict conglomerates (6), 7 - red graded carbonatic shales and greenish sand