
Sgeclogical MAGAZINE

Contrasting styles of Alpine deformations at the eastern part of the Veporicum
and Gemericum units, Western Carpathians

Stanislav Jacko1, Tibor Sasvari', Michal Zacharov1, Robert Schmidt' and Jozef VozAr2

'Department of Geology and Mineralogy Faculty of Mining, Ecology, Control and Geotechnologies (B.E.R.G), Technical University,
Park J. A. Komenskeho 15, 043 84 Kosice, Slovakia
Geological Survey of Slovak Republic, Mlynska dolina I, 817 04 Bratislava, Slovakia

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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Rakovec group, the Klatov group, and the Late Paleozoic
to Early Triassic successions.

The Gelnica Group is represented by a thick volcan-
ogenic flysh formation (Snopko & Ivanicka, 1978, Ivanic-
ka et al., 1989) of Late Cambrian to Early Devonian age
(Snopkova & Snopko, 1979). Among volcanogenic inter-
layers the acid to calc-alcaline differentiates predomi-
nate. The sequence is regionally deformed by both, tight
N-NE vergent folds and successive steeply dipping axial
plane reverse faults.

The Rakovec Group, overlaying the northern part of
the Gelnica group, has the same structural pattern as the
former. It consists mainly of metabasalts, their volcano-
elastics and phyllite intercalations. This ill - dated sequen-
ce is probably of Middle Devonian to Early Carboniferous
age (BAjANlKet al. 1983).

The Late Paleozoic and Early Triassic successions
form NW-SE stretching syncline at the NE part of the
Gemericum Unit (Fig. 1c). The basal part of this pile con-
sists of Dobs'ina' Group, a Carboniferous suite - starting
with flysh sequence containing volcanites and volcano-
elastics and continuing with shallow marine carbonate -
clastic formations (VozArovA in BajanIk et al. 1981).

Unconformably deposited Permian suite of the Krom-
pachy Group (Fig. 2) comprises continental clastic for-
mations interlayered with rhyolite daate volcanites and
volcanodastics, capped by clastic - evaporite formation
(VozArovA & Vozar, 1988). The suite transits into Early
Triassic shales, forming the core of the mentioned syncline.

The Klatov Group. This tabular nappe unit (Fig. 2),
comprising isoclinally folded gneisses, amphibolites
(sporadically interlayered with limestones) and serpen-

tinites, is thrusted onto the Rakovec Group (RozloznIk,
1965, Hovorka et al., 1984). Presence of clasts of this
unit within uncomformably overlayered Wesphalian con-
glomerates (VozArovA, 1973) reveals the upper dis-
placement limit of the nappe.

The Hronicum Unit is represented by its partial, the
ChoC nappe sequence (Figs.1 b,c,2). This north vergent
nappe pile, coming most probably from homeland area
between the Gemericum and Veporicum units (Andru-
sov 1968, Biely & FusAn, 1967, Mahel, 1967, 1986),
comprises Late Paleozoic clastic formations and Trias-
sic, mostly carbonate successions. Within the area of
outcrop of the Veporicum Unit only the first ones are
preserved.

The Veporicum Unit, exemplified by its Cierna
hora Mts. segment, consists of crystalline basement
and Late Paleozoic to Mesozoic cover formations. The
crystalline basement is made of three lithotectonic
complexes. From the bottom to the top these are
(Figs.1 b, c, 2), the Lodina Complex, the MikluSovce
Complex and the Bujanova Complex (Jacko, 1985).
The first one is composed of strongly diaphtoritised
gneisses, micaschists and tiny intrafolial amphibolite
bodies, the MikluSovce Complex is formed by migma-
tites and intrafolial aplitic granites and the Bujanova
Complex consists of gneisses, migmatites, amphibo-
lites and Variscan granodiorites.

The cover sequence of the unit starts with Late Car-
boniferous and Permian clastic formations, comprising
rhyolitic volcanics within the latter. Triassic to Late
Jurassic part of the sequence is mainly composed of
carbonates.

Fig. 1. (a) Position of the studied area in the Western Carpathians. FB - Flysh Belt, KB - Klippen Belt, TV - Tatric and Veporic
units, G - Gemeric unit, Mu - Muran fault, L - Lubenik shear zone, M - Margecany shear zone, black strip - Studied area position
Fig. I (b-c) Geological map and cross sections of the area. 1 - Neogene molasse sediments, 2 - Flysh successions of the Intra
Carpathian Paleogene, 3 - Silica nappe limestones, 4 - Sediments and matabasites of the Meliata Unit, 5-10 Gemericum Unit, 5 -
Early Triassic shales, 6 - Permian greywackes, rhyolitic volcanites and evaporites, 7 - Carboniferous flysch metabasite sequence
with conglomerate and carbonate intercalations, 8 - Klatov Group gneisses and amphibolites, 9 - Metabasalts and phyllites of the
Rakovec Group, 10 - Sandstones, phyllites and rhyolite volcanites of the Gelnica Group, 11 - 12 - Choc nappe of the Hronicum
Unit, 11- Late Carboniferous shales, sandstones and conglomerates, 12 - Triassic and Jurassic carbonates, 13 - 18 Veporicum and
Tatricum units, 13 - Triassic to Late Jurassic cover - prevailingly carbonate, successions, 14 - Permian greywackes, shales and
rhyolite volcanites, 15 - Late Carboniferous conglomerates and shales, 16 - Veporicum (Bujanova Complex) and Tatric (Branisko
Mts.) granodiorites, 17 - migmatites gneisses and amphibolites of the Tatric and Veporic (Bujanova and MikluSovce complexes)
units, 18 - diaphtoritised gneisses and amphibolites of the Lodina Complex (Veporicum Unit), 19 - Geological boundaries, 20 -
Normal faults, a - regionally significant, 21 - Soles of the Alpine nappes (tpj in cross sections only), 22 - Margecany shear zone, 23 -
Alpine reactivated sole of the Late Variscan nappe ( </>2 in cross sections only), 24 - others important shear zones, 25 - bedding
position, 26 - Alpine schislosity orientation, 27 - Alpine fold axes orientation, 28 - Cross sections lines, 29 - Choi nappe extent (in
cross sections only), <pj - sole of the Late Variscan nappe (in cross sections only).
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Fig. 2. The Alpine post - nappe position of lithotectonic units at the eastern part of the Western Carpathian Internides LPC - Late
Paleozoic complexes, P - Permian, C - Carboniferous, KG - Klatov Group, RG - Rakovec Group, GG - Gelnica Group, BLU -
Bujanova lithotectonic Unit, MLU - MikluSovce lithotectonic Unit, LLU - Lodina lithotectonic Unit, Lm - limestones, r - radiolarites,
gb - glaucophanitised basalts and serpentinites, sh - shales, ev - evaporites, w - greywackes, rh - rhyolites and their volcanoclastics,
b - basalts, c - conglomerates, sa - sandstones, g - gneisses and amphibolites, sp - serpentinites, mb - metabasalts and their
volcanoclastics, ph - phyllites, ca - dolomites and limestones, ym - mylonitised granodiorites, gm - gneisses and migmatites, amph -
amphibolites, y - granodiorites, mi - migmatites, dg - diaphtoritised gneisses, Fa - Fatric unit, u - unconformities, PNA - post -
nappe anticline, <pj - soles of Alpine nappes, tp2 - Alpine reactivated sole of the Late Variscan nappe, <pj - sole of the Late Variscan
nappe

Mesozoic sequences of the Fatricum Unit likely underlie
buried parts of the Hronicum nappe in the Branisko Mts.
(PolAk, 1987)

The Tatricum Unit, forming the Branisko Mts. (Figs.1
b,c,2), is composed of crystalline basement, correspond-
ing compositionally and in age to the Bujanova Complex
of the Veporicum Unit, and to Permian to Late Jurassic
cover formations, comparable to the cover sequence of
the Veporicum Unit.

Pre-Tertiary sequences of the region are in the
northern and north-eastern part roofed by flatly deposited
flysh formation of the Intra Carpathian Paleogene suite.
Their S-SE continuation is covered by Neogene molasse
formations (Figs.1 b,c).

Outline of essential Features of Tectonic
development of the region

Principal aspects of structural development of the
Gemeric part of the area were evaluated by Reich-
walder & Snopko (in BajanIk et al., 1983). They consider

the overall NW-SE zoning of the north-eastern part of the
unit to be a result of an extensive and polyphase
tangential shortening between the Gemericum and Ve-
poricum units, which had caused both a reduction of the
homeland area of the Hronicum Unit and nearly com-
plete obliteration of pre-Alpine structures within the Ge-
meric basement.

Jacko (1979) described typological features of two
Variscan and four Alpine deformation stages within the
Veporicum Unit. Their adjusted modification, based on
structural, petrological and geochronological data, is
outlined in Fig. 3.

According to the mentioned data the crystalline
basement of either the MikluSovce and Bujanova com-
plexes, or the Branisko Mts., corresponds to the Upper
basement unit of the Western Tatra (Fritz et al.,1992)
and/or to the Upper unit (BezAk,1994) of the Late Varris-
can nappe structure of the Western Carpathian Tatric
and Veporic basement. The underlying Lodina crystalline
complex is, in the mentioned sense, complementary to
either the Lower basement unit of the Western Tatra
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(Fritz et al., I.e.), or to the Middle unit (BezAk, I.e.) of the
cited nappe structure.

The Late Variscan nappe cleavage set played a sig-
nificant role in the formation of Alpine structures within
the Veporic crystalline complexes. The same function for
the evolution of contrasting styles of Cretaceous defor-
mations within the region have had different mechanical
properties of particular lithotectonic suites and their
structural position, respectively. Kinematic analysis of the
most pronounced shear zones confirms a connection of
their prominent, sinistral, strike-slip activity to the AD4-
the post- Paleogene evolution stage of the area. (Fig. 3.).

Fig. 3. Tectonometamorphic development scheme of the
Veporicum Unit of the area. I - gneisses and amphibolites, 2 -
biotite granodiorites, 3 - granites, 4 - Late Variscan nappe
sole and its tectonites, 5 - Alpine nappe sole, 6 - Axial plane of
the post - nappe recumbent folds, 7 - reverse fault shear zones
of the Margecany type, 8 - normal faults and contemporaneuos
upright folds. 9 - strike - slips and normal faults. St - Styrian,
La - Laramian, Me - Mediterranean, Au - Austrian, S - Sudetian,
Br - Bretonian, J - Jurassic cover stratas, C - Carboniferous
cover strates, y - biotite granodiorite of the Bujanova
Complex, B - metamorphics of the Bujanova Complex, M -
metamorphics of the MikluSovce Complex, L - metamorphics of
the Lodina Complex, Gr.sch. - green schist metamorphic
fades, Amph - amphibolite metamorphic fades, Chi. - chlo-
rite. Ser. - sericite, Q - quartz, Ep - epidote, Zo - zoisite. Clz -
clinozoisite, Cal. - calcite, Ab - albite, PI. - plagioclase, Ilm. -
ilmenite, Carb - carbonates, Mu - muscovite, Bi - biotite, Ga -
garnet, Sph -sphene, Hrb - hornblende, Px - pyroxenes. Ksp -
kalifeldspar, St -staurolite. And - andalusite, Sill - sillimanite,
Crd - cordierite.

Imprint of the Late Variscan nappe stacking
to Alpine structures formation

The Late Variscan nappe emplacement of MikluSovce
and Bujanova crystalline complexes onto the Lodina one
(Figs. 2,3), dated betwen 330 and 312 Ma (R.D. Dal-
mayer, pers. commun, 1993), has caused a significant
reworking of their rock successions. The nappe sole of
the overthrusted pile is subparaiiel to the cleavage set of
the oldest recognizable, the Variscan VFi folds (Fig. 3.).
Their similar cm - m rootless remnants, belonging to 3C
& 4D category of Hudleston's (1973) classification, have
generally the southern vergency and they are distingtly
modified throughout the nappe pile (Jacko et al. 1995).

Significant nappe emplacement reworking of rather
homogenous and more rigid migmatites of MikluSovce
Complex - forming the base of the Late Variscan nappe,
is rectricted to their norther flank only. In this zone the
moderately N-NE dipping penetrative clevage set con-
tains tight SSW vergent asymetric folds with brittle-duc-
tile stretching lineations of micas, quartz and feldspars
indicating top- to-the SSW transport direction. The
southern part of the suite, namely its basal margin, is
strongly overprinted by Alpine structures, indicating a
more effective emplacement shearing of the basal edge
of the migmatite slice.

A lack of the MikluSovce Complex migmatites at the
southern flank of the Veporic basement of the area sug-
gests a partial delamination of the nappe pile during its
emplacement. The Bujanova Complex has been, at this
part of the basement, prevailingly thrusted over the
metamorphics of the Lodina Complex. Two regionally
significant shear zones have developed as a consequence

Fig. 4. Brittle - ductile modification of the pre - Carboniferous
folds in the Bujanova Complex metamorphites due to the
Alpine - nappe delamination of the complex. 1- detail of the
modified fold closure, 2 - biotite gneisses. 3 - amphibolites, 4 -
quartz - biotite gneisses, 5 - biotite granodiorites. 6 - quartz
segregations, 7 - mylonites
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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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Fig. 6. Refolding ofpaleo Alpine recumbent AFj folds by post
- nappe AF2 folds at quartz segregation lenses of the Lodina
Complex diaphtoritised metamorphites, APF, - axial plane of
AFj folds, APF2 axial plane of AF2 folds.

Fig. 7. Rootless remnats of paleo - Alpine AF, folds at the
reactivated base of the Bujanova Complex fixed by quartz
segregations.

margin of the Veporicum Unit (Fig. 7), marks a hinge
zone of an assymetric recumbent fold structure devel-
oped in the cover formations due to ramp effect of the
Veporicum Unit, during nappe shortening of the area.
More rigid overturned segments of Triassic dolomites
regionally overlayered Jurassic strata of the zone to
stress the regional extent of this structure (Fig. 1c).

Some 100 m thick penetrative zones of ASi axial
plane clevage set of AFi folds spatially correspond with
soles and clevage position of paleo - Alpine nappe units of
the region. They are probably a product of the second
tectonometamorphic event of the more or less continuous
ADi deformation stage. In the basement complexes (except
of Miklusovce one) the cover strata (prevailingly Early
Triassic quarzites) are incorporated into these zones. No
other than successively contemporaneous or superimposed
structures have been found in these markers.

Subhorizontally lying ASi cleavage plane set, occur-
ing within 450 m of the vertical profile of the Lodina
complex diaphtoritised gneisses, has been most proba-
bly developed due to reverse, (top-to-the northeast)
overthrusting of the Bujanova Complex suite along reac-
tivated the Late Variscan sole. According to extent of the
superimposed AF2 folds within tectonics of correspond-
ing shear zone in the central part of the Bujanova Com-
plex metamorphics, the thicknes of the zone reached
over 100 meters.

A penetrative set of ASi cleavage developed in cover
formations is rather restricted to either less rigid media of
Jurassic limestones (Fig.7) or nearly to the sole of
overlying Choc nappe.

AD] deformations in the Gemericum Unit

Within the lithotectonic groups of the Gemericum Unit
the structures of the AD-j deformation stage have been
nearly completely obliterated by superimposed ones
(BajanIk et al., 1983, Mahel, 1986). Remnants of AFi
folds of the same geometry as in the Veporic part of the
area, measuring few dm, have been found by Jacko &
Reichwalder (1992, unpubl. data).

A flatly lying cleavage set, corresponding to ASi
cleavage of the Gemericum Unit, scarcely occurs above
the soles of the Silica nappe klippes. A similar, few dm
thick, planar set, partly deformed by AF2 folds, has been
observed in serpentinised ultramaphics of the Klatov
group (Jacko et al.,1995 ).

AD2 deformation stage

Regionally developed NW - SE trending AF2 folds
and subsequently formed monoclinal SW dipping re-
verse shear zones are typical products of the AD2 defor-
mation stage. AF2 folds deform the soles of the Silica
and Choc nappes, as well as the structures of the AD1
deformation stage (Jacko, 1979). Their AS2 axial plane
cleavage set, and corresponding reverse fault shear
zones occur nearly throughout the exposed vertical pro-
file of both the Gemeric and Veporic units.

Structural reworking of the units was accompanied by
a low grade progressive metamorphism of cover forma-
tions and by a retrogressive metamorphism in the
basement complexes (Fig.3). A successive evolution of
two tectonometamorphic events of the AD2 deformation
stage (Fig. 3) is indicated by : (i) - a progressive
flattening and shearing of AF2 folds towards and inside
shear zones, (ii) - absence of corresponding mineral
parageneses of the second tectonometamorhic event in
folded domains, located besides shear zones. The fact
that the Middle Eocene conglomerates of the overlying
Intra Carpathian Paleogene contain the tectonites of the
reverse shear zones of both, the basement and cover
formations, confirms that the upper limit of the last event
predates the Paleogene.
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AD2 in Veporicum Unit

The intensity of the first tectonometamorphic event of
the AD2 deformation stage was heterogenous thorough-
out the unit. It was controlled mainly by the rock mechan-
ics, including the distribution of earlier tectonic zones
within the basement suites. The AF2 folds are regularly,
developed in the cover formations, except of more rigid
Triassic dolomites. These occur as remnants in the
phyllonite zone at the base of Miklusovce and Bujanova
basement complexes, as well as in the central tectonite
zone of the latter. Diaphtoritised gneisses of the underly-
ing Lodina complex are nearly penetratively refolded by
AF2 folds thoroughout the exposed profile (Jacko, 1979).

Overall geometric pattern and style of the AF2 folds,
fixed by representative rock suites of the unit (Fig.8a)
indicates a significant flattening of originally open, upright
and mostly parallel AF2 folds. Majority of AF2 folds in the
Veporicum Unit are close to tight folds with significant
thinning of the fold limbs and distinct AS2 cleavage set,
inclined monoclinally (at 40° - 60°) to SW.

Distinct modification and shearing of AF2 folds reflect
a progressive shortening of the Veporicum Unit during a
subsequent, the second tectonometamorphic event of
the AD2 deformation stage. Modified AF2 folds have
stronger NE vergency than original open ones, but their
shallow hinge line dips (i.e. 5°-10° either to NW or to SE,
cf. Fig. 1b.) are identical in both mentioned evolution
types.

According to the distribution of typological parame-
ters of AF2 folds in Zagorcev's (1993) diagram (Fig.8a)
the dominant part of AF2 folds of the Veporicum Unit
belong to 2-nd class and/or to 1C and 3A subclasses,
respectively. The layer parallel (or oblique) compression
is regarded to be the dominant folding mechanism for the
development of such fold types (I.e.), which agrees with
the orientation of striation observed on folded bedding
planes in the Jurassic limestones. Open to close folds
with changing layer morphology, projected around 1 A2
subclass line (Fig. 8a), most probably reflect a change of
the strain field during repeated reactivation of the shear
zones.

A continuous shortening of the area, which took place
probably in the same stress field orientation, led to de-
lamination of the Veporicum Unit according to NW-SE
trending, moderately (45°-65°) SW dipping reverse fault
zones (Fig. 1b,c). The shear zones either reactivated the
lithostratigraphical formation boundaries, or the early
developed tectonite zones in the basement of the unit
and they progressively climbed into the cover strata in
the latter case. The most pronounced of them, the
Margecany shear zone, strongly reactivates the boundary
between the Gemericum and Veporicum units. It has no
earlier kinematic indicators than the top-to-northeast
motion striations (Jacko, 1979), which are consistent, as
regards the sense of their movement, with the mica fish
orientation (Lister & Snoke, 1984) in the biotite grano-
diorite S-C mylonites of the Bujanova basement complex.

The same sense of movement is indicated by dis-
placement of the reverse fault sets in the diaphthoritised
gneisses of the Lodina complex (Fig.10). The displace-

Fig. 8a,b Geometrical relationships of the Alpine AF2 folds
(cf. Fig. 3 for the complementary deformation stage) within
competent layers of the Veporicum and Gemericum units, as
results from ZagohcWs (1993) modified diagram of
Hudleston's (1973) and Ramsay's (1967) classification <p -
dip isogon angle, a-dip angle, empty symbols - open folds, half
filled symbols - close folds, full filled symbols - tight folds.
Fig. 8a., modification trend of AF2 folds of the Veporicum
Unit: 1-3, in the Lodina complex diaphtorised gneisses, 4 - 6,
in the Early Triassic quarzites, 7-9, in the Jurassic limestones
Fig. 8 b, modification trend of AF2 folds of the Gemericum
Unit 10-12, in the Carboniferous limestones, 13 - 15 in the
Carboniferous basalts and their volcanoclastics
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Fig. 9. Monoclinal south-westerly dipping cleavage set developed due to shearing of AF2 folds in the Gemeric Carboniferous basalt
volcanoclastics nearby the Margecany shear zone.
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ment in the discussed shear zones has been accompa-
nied by synchronous growth of lower greenschist fades
metamorphic assemblages (Fig.3).

AD2 in Gemericum Unit

Due to extensive shearing in the repeatedly activated
AS2 cleavage planes the AF2 folds irregularly occur only
in more competent layers of both the Gelnica group and
the Carboniferous formations of the unit. To compare
these folds with folds of the same deformation stage in
the Veporicum Unit, the AF2 folds of the adjacent Ge-
meric Carboniferous formations have been plotted in the
Zagorcev's (1993) diagram (Fig.8b). Except for clear
common features with a general modification trend of the
AF2 folds in the Veporicum Unit (Fig. 8a), much more
evaluated folds belong to 1Ai, 1A2 and IA3 fold types
fields i.e. into the field of supratenuous 1A subclass of
Ramsay's (1967) classification. Relatively great number
of these folds with strongly convergent isogons and
thickened limbs at the NE margin of the Gemericu Unit,
were probably produced during superimposed deforma-
tions in this strongly mobile contact zone of two Theologi-
cally contrasting units.

For analogous reasons as in the Veporicum Unit the
extensive shearing of AF2 folds in their AS2 axial plane
cleavage set (Figs. 9a,b), and the development of corre-
sponding reverse fault shear zones are the result of the
second tectonometamorphic event of the AD2 deforma-
tion stage. Generally, both structures are moderately
inclined to SW ward (Figs. 1b,c) and they are an original
cause of monoclinally imbricated structure of the contact
zone of the Gemericum and Veporicum units (Jacko, 1979).

Fig. 10. Axial plane reverse fault shearing of AF2 folds and
contemporaneous mullions development within the Lodina
Complex diaphtoritised gneisses. Lenses of segregation quartz
are dotted.

AD deformation stage

Locally developed N - S trending fault/AF3 fold struc-
tures of this deformation stage (Fig. 3) are clearly super-
imposed on structures of previous deformation stages
(Jacko, 1979). Very scarce AF3 folds of metric order,
which originally accompanied normal fault zone, occur
only in the cover formations of the Veporicum Unit.
These open, upright folds, slightly similar in geometry,
have well developed AS3 axial plane crenulation cleav-
age, subparallel to corresponding fault zone. Fold axis
and parallel crenulation cleavage dip gently (5°-10°) to S
-SSW.

AD4 deformation stage

This stage comprises an expressive, post - Paleogene
wrenching of the previous structure of the area.
Dominant strike-slip zones within all the units of the re-
gion are several 10 m thick, they have NW-SE orienta-
tion and moderate to steep dip to SW (Figs. 1b,c, 11,12).
Three significant - sinistral strike-slip zones developed
either within the Veporicum Unit, or at its south-western
boundary with the Gemericum Unit (Fig.11). Brittle de-
formations in all of them reactivated tectonic zones pro-
duced during earlier deformation stages. The overall
paleostress field, determined from the fault slip data
analysis, reveals a subhorizontal, roughly E-W oriented
compression for these wrenching deformations (Fig.11).

Both the fault slip data (Figs. 12B, D, E, F) and the
average stress ratio of abount 0,5, confirm the subhori-
sontal motion component (GuiRAUDet al. 1989) within the
most pronounced, the Margecany strike - slip zone. The
stress ratio (above 0,5) (Figs. 12J, K, L), calculated for
the strike - slip zone running along NE boundary of the
Miklusovce basement rocks with cover formations
(Fig.11), indicates prevailingly inclined normal faulting in
the zone (Fig. 12 M). An analogous movement pattern
has been obtained from corresponding data (Fig. 12
G,H,I) for the central strike-slip zone of the Veporicum
Unit (Fig.11), which reactivated the phyllonite zone at the
to boundary of the Bujanova and the Lodina crystalline
complexes, respectively.

Steeply SW dipping normal fault zone, developed at
the NW edge of the unit, (Figs. 11,12 A) along which the
Intra Carpathian Paleogene strata submerged into the
pre-Tertiary complexes, reveal a composite movement
pattern in the strike-slip zones of the area. Grecula et al.
(1990) described dextral shearing in directionally analo-
gous shear zones in the Gemericum Unit.

Discussion and conclusions

Alpine deformations of the studied area have
developed in a poly-stage process, influenced by either
rock formations anisotropy, or by a change of bulk strain
regime during its evolution.
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Fig. 12. Stereogram ofpaleostress analyse sites of strike - slip zones drawn in Fig. 11.
l-O/ (maximum compressive stress), 2 - a2, 3 - 0* 4 - direction of extension, 5 - direction of compresion, 6 - direction and sense of
slip, 0 - stress ratio.

162



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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