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Abstract Contrasting styles of Alpine deformations at
the eastern margin of the Western Carpathian Internides
are the result of a poly-stage process comprising pro-
gressive modification of the deformation regime, from
thrusting to wrenching, and corresponding downward
reworking of pre - Upper Carboniferous basement. The
Alpine reworking of the Veporic basement complexes
has been significantly influenced by a flat shear zone
located at the base of the Late Variscan nappe pile.

ADt deformation stage is related to the development
of recumbent folds of E - W axial direction and to pre -
Senonian top - to - the N - NNE nappe stacking of the
Choi and Silica nappes carrying, in the last case, the
Meliata Unit slices at the base. The expressive NW - SE
lithostratigraphic zonation of the area marked by re-
gionally penetrative AFZ folds development and corre-
sponding south-westerly dipping reverse fault shear
zones, have been formed during subsequent AD* defor-
mation stage.

Local ADj fault/fold structures have opened AD*
shear planes for either hydrothermai vein mineralisation
or for a local thermal ascent in the Veporic Unit. NW -
SE trending sinistral strike - slip zones of the AD4 stage
have been most probably created due to the eastward
escape of the Western Carpathians from the Eastern

Introduction

The boundary between the Gemericum and Veporicum
units belongs to the most important structures of the Alpine
convergence within the Western Carpathian Internides. Its
territory, known for decades as the Margecany - Lubenik
line (scar, fan, etc.), was regarded to be both a remnant
root zone and a homeland area for the Choc nappe
(Andrusov 1968, Biely & Fusan, 1967, Mahel, 1967,
1986) and/or for the Silica nappe (Andrusov, 1975,
Kozur& Mock, 1973), respectively.

In a wider area of the eastern, i.e. Margecany part of
this collisional structure, not only cover and crystalline
sequences of the Gemericum, Veporicum and Tatricum
units, but also nearly complete profiles of the Western
Carpathians superficial nappes are present. The men-

tioned units stretch NE-SW, parallel to the Margecany
shear zone. Structural data reveal a poly-stage evolution
of the regional structure evolving from the Late Variscan
and Alpine nappe stacking, continuing to pre - Upper
Cretaceous fold/upthrust spatial reduction and the
Tertiary wrenching, respectively. The aims of this contri-
bution are: (1) to clarify the imprint role of the Late
Variscan nappe structures to the formation of the Alpine
ones within particular crystalline complexes. (2) to
demonstrate the contrasting style of Cretaceous
deformations among them, (3) to explain the Tertiary
strike-slip phenomena within the structure of the region.

Main lithotectonic units

Six principal pre-Tertiary lithostratigraphical units, dif-
fering in metamorphic grade and style of Alpine defor-
mations, form the extrermely reduced east-western part
of the Western Carpathian Internides (WCI). From top to
bottom (or from south to north) these are: the Silica
nappe, the Meliata Unit, the Gemericum Unit, the Hroni-
cum Unit, the Veporicum Unit and the Tatricum Unit
(Figs.1a,b,c, 2,). All these units are more or less incorpo-
rated into the NW-SE regionally expressive zoning
(Fig.1a), which culminates by the development of direc-
tionally related, NE vergent imbricate structures of the
Gemericum and the Veporicum contact zone. (Fig. 1c).

The Silica nappe - the highest tectonic unit of the
WCI, is composed mainly of shallow water Triassic car-
bonates forming isolated flatly deposited klippes on both
the Meliata and the Gemericum units (Kozur & Mock,
1973, Mello& Reichwalder, 1979).

Allochthonous - the Meliata Unit consists of Triassic
to Jurassic LT-HP metamorphosed psammo-pelites,
limestones, radiolarites, glaucophanitised basalts and
serpentinised ultramafic rocks (Kozur & Mock, I. c,
Reichwalder, 1982). The unit is folded and stretched in
SE direction, acquiring south-westerly inclined monocli-
nal position and finally elongated out along this strike
(Fig.la).

The Gemericum Unit, composed mainly of slightly
metamorphosed Paleozoics volcanosedimentary se-
quences, is divided into four lithotectonic groups. From
the bottom to the top they are : The Gelnica group, the
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of the Bujanova Complex emplacement, the basal one
and the shear zone, following the synformal closure of
the Bujanova metamorphics. Both are several 10 m thick
and dip moderately south-westwards (Figs. 1,c).

A strongly foliated, over 100 m thick shear zone,
rimming either the northern edge of the Bujanova, or the
southern margin of the Miklusovce Complex, follows the
top part of subautochthonous diaphtoritised gneisses of
the Lodina Complex. The zone has typicaly an extremely
hight content of intrafolial quartz segregations, deformed
by Alpine structures.

The foregoing relationships indicate that the em-
placement of the Late Variscan nappe pile within the
Veporic basement of the area have caused the most
significant reworking, either within the basal zone of the
overthrusted suite, or in the central part of Bujanova
Complex. Both mentioned shear zones are accentuated
by involvement of cover strata in them, namely, the
typological structures of all Alpine deformation stages of
the area are observable in the latter. Following geo-
logical and structural criteria show that the discussed
shear zones have played a catalytic role for both, the
Alpine delamination of the Veporic basement slices, and
the penetrative development of the Alpine structures,
namely within the Lodina Complex metamorphics.

First Alpine Deformation stage (AD,)

Structures of this pre-Upper Cretaceous deformation
stage are directly related to the Alpine nappe shortening
in the region. Striation remnants, preserved on contem-
poraneous ASi cleavage set, indicate top-to-the N - NE
movement of the nappes.

AD] deformations in the Veporicum Unit

Two closely related tectonometamorphic events of
the ADi stage are recognizable in the Lodina and Buja-
nova crystalline complexes and their cover formations
(Fig.3). Recumbent isoclinal AFi folds of both, parallel
and similar geometry with axial plane dipping gently
south, to - south-westwards, are typical for the first event
(Jacko, 1979).

The AFi folds are regularly developed either in tec-
tonites of the Late Variscan nappe emplacement zone of
the Lodina basement rocks, or within relatively less com-
petent cover strata. In the mentioned basement shear
zone, cm - dm remnants of AFi folds are preserved only
in quartz medium segregations (Fig. 6). A common
occurrence of AFi folds of the order of m - 10 m, ob-
served in the Liassic limestones at the south-western

Fig. 5. Recumbent paleo - Alpine AFj folds with axial plane cleavage developed in the Liassic cover limestones due to ramp effect of
the more rigid Veporicum Unit. (cf. Fig. 3. for correspoding deformation stage).
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SgEOLOGICA! MAGAZINE

Tectonite zones of the Late Variscan nappe stacking
developed at the base and within the nappe slices of the
Veporicum Unit cristalline complexes have played a
catalytic role in the Alpine structural reworking of the
basement complexes of this unit. Remnants of structural
and mineral assemblages of AD-) - AD4 deformation
stages occur in all these zones (Figs.3, 4, 5). The Late
Variscan top - to - the SE nappe stacking of the Western
Carpathian basement, recognized by Fritz et al., (1992)
in the Western Tatra basement has been confirmed to
have occurred in the Veporicum Unit (geochronological
dating 330-312 Ma, Dallmeyer, pers. commun., 1993)
and by occurrence of clasts from the diaphtoritised
gneisses of Lodina Complex in the Upper Carboniferous
cover conglomerates (Korikovsku et al., 1989).

The pre - Senonian AD1 shortening of the area is
characterised by formation of AF-| recumbent folds, lim-
ited to either the less competent cover strata at the SW
edge of the more rigid Veporicum Unit, or to analogous
media at the top of Lodina basement complex and to the
Gelnica Group of the Gemericum Unit, respectively. A
successive top - to - the N - NNE emplacement of the
Alpine nappes led to the closure of the Choc nappe
homeland area and to thrusting of the nappe over a
frontal Veporic ramp northwards, over the Tatric area of
the WCI (Fig.2). In the Veporic basement this nappe
shortening caused a reverse-thrusting of two delami-
nated slices of Bujanova basement complex onto the
Lodina complex, along reactivated Late Variscan shear
zones (Figs.1b,c, 2). The remmants of AFi axial plane
cleavage, occurring in over 400 m of Lodina Complex
diaphtoritised gneisses, indicate an extensive shearing of
this basal, subachtonous (?) sequence of the Veporic
crystalline complexes of the region.

Corressponding cleavage sets in the Gemericum Unit
occur scarcely in more competent strata of both the Sil-
ica nappe klippes and the Late Variscan Klatov Group
nappe pile (Jacko, et al., 1995). Analogous, i.e. flat posi-
tion of about 6 km thick, strongly reflective zone, is also
seen in the recently shot deep seismic profile G (VozAr
et al., 1995), which intersects the area nearby the lines 3
- 4 of the cross - section (Fig.3c). This highly sheared
northern Gemeric zone, followed within of the deph inter-
val of 6 - 10 km, is regarded to be the root zone of both,
the Krizna and the Choc superficial nappes (I.e.).

The AF2 folds and complementary reverse fault shear
zones control the main features of the recent NW-SE litho-
stratigraphic zoning of the area (Fig.1b,c). The AF2 folds
are penetratively developed throughout the lowest unit of
the Veporic basement, i.e. throughout the Lodina dia-
phthoritic gneisses. Axes of the AF2 folds, superimposed
on the earlier structures, make an angle of about 60° with
the Alpine nappe emplacement striations, which are pre-
sered on corresponding cleavage set. These data, as well
as unlike mineral assemblages of both the AD1 and AD2
stages (Fig.3) either indicate a change in bulk strain orien-
tation, or slightly different low temperature metamorphic
conditions during the AD2 deformation stage.

A close spatial connection between flattening inten-
sity of AF2 folds and reverse fault shear zones suggests
a successive development of the latter. An extensive
brittle- ductile shearing in the these shear zones, which
reactivate the Theological boundaries of both the Ge-
mericum and Veporicum units, transposed the majority of
lithostratigraphical units into monoclinal, south-west dip-
ping position (Fig.1c). The Meliata Unit slice in the core
of the Northern Gemeric syncline is strongly stretched
and finally sheared in NE direction, along one of these
structures (Fig.1b,c). According to recent geochronologi-
cal investigations carried out in the central part of the
Veporicum Unit of the WCI, the disscussed zones have
formed between 85 - 86 Ma (Ar-Ar, Dallmeyer et al.,
1993), which corresponds with occurrence of their
tectonics in the Intra-Carpatian Paleogene conglomer-
ates in the area.

Subsequently developed AD3 structures have opened
the shearing planes of the AD2 stage for both, hydrother-
mal vein mineralisation in the Gemeric and Veporic units,
and for the local post - kinematic thermal ascent (Fig.3)
in the latter unit (Jacko, 1979, 1983, RozloznIk, 1990).

Sinistral AD4 strike - slip zones, following the most
weakened zones between and inside the units of the
area (Figs. 1b, 11), are directionally, as well as in terms
of paleostress orientation, compatible with the Badenian
- Sarmatian widenig of the Eastern Slovakian molasse
basin (Kauciak et al., 1991). We suggest that their origin
was primaryly caused by the eastward escape of the
Western Carpathians from the Alps (Neubauer &
Genser, 1990, Ratschbacher et al., 1991). The
Margecany strike - slip zone, detected in the above men-
tioned deep seismic profile d to dip at an angle of 45°
down to the depth of 7 kms, continues as a flat tectonic
zone below this depth horizon, at an angle of appro-
ximately 20°- 25° to a depth of 25 km (Vozar et al.
1995).
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