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Grundgebirgsgeologie des Sudtatrikums und Veporikums:

Variszische Deckenstrukturen;

Alpidische “thick-skinned” Tektonik und Zerrungstektonik

in den Westkarpaten (Ostliche Niedere Tatra, nordwestliches Slowakisches Erzgebirge)

Zusammenfassung

Duktile Deformationen mylonitischer Orthogneise, gebanderte Amphibolite, sowie héher temperierte Quarzgefiige weisen auf die Reste
variszischer Decken (héhere Tatra-Decke und tiefere Hron-Decke) im tatrischen und supratatrischen Untergrund. Die gegenwartige Dek-
kenstruktur des supratatrisch-veporischen Untergrundes inclusive der Hullgesteine ist im wesentlichen das Resultat einer ,thick-skinned®
Tektonik. Sie wird mit einer kontinentalen Verklrzungphase in dem Gebiet verknlpft, das den geschlossenen triadisch-jurassischen Bek-
ken wie z.B. dem ozeanischen Meliata Becken s(dlich der veporischen und gemerischen Zone benachbart ist.

AUf die transpressive Hebung der Vepor- und Gemer-Einheit folgt eine extensive Uberschiebung nach E-ESE und die Exhumierung tiefer
und'metamorphosierter (Granat-Biotit- oder Chloritoid-Disthen-Biotit-Zone) Niveaus der veporischen und supratatrischen Einheit. Ausge-
dehnte Mylonit- und Phyllonit-Zonen begleiten die tiefen Partien bedeutender Briiche wie die des Pohorela- und Lubenik-Bruches mit einer
komplizierten tektonischen Entwicklung.

Abstract

Ductile deformations of mylonitic orthogneisses and layered amphibolites, as well as higher-temperature quartz c-axis fabrics, indicate
remnants of Variscan (higher Tatra- and lower Hron-) nappes in the Tatric and Supratatric basement. The present-day nappe structure of
the Supratatric-Veporic basement including, the cover rocks are mainly the result of the Alpine thick-skinned tectonics. We connect it with
the continental shortening phase that occurred in the area adjacent to closed Triassic-Jurassic basins such as the Meliata oceanic basin
situated S of the Veporic and Gemeric zones.

Transpressional uplift of the Veporic (and Gemeric) unit was followed by top-to-E(ESE) extensional thrusting and exhumation of deeply
buried and metamorphosed (in garnet-biotite, or chloritoid-kyanite-biotite zone) levels of the Veporic and Supratatric tectonic units. Large
mylonite and phyllonite zones accompany deep parts of significant faults like the Pohorela and Lubenik faults with the complex tectonic
history.

*) Author’s address: MARIAN PuTtS, Comenius University, Faculty of Science, Department of Mineralogy and Petrology, Mlynska dolina G,
SK-84215 Bratislava, Slovakia.
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Text-Fig. 1.

Tectonic sketch-map of the Tatric and Veporic zones crystalline basement complexes (PuTis, 1992).

Tatric basement (1-4): 1 = Tatra (lithostratigraphical) complex in the Tatra Nappe (for explanation see tex); 2 = Hron complex in the Hron Nappe; 3 = Lubietova succession as a part of the Tatra complex
and Nappe; 4 = Male Karpaty Mts. (Little Carpathian Mts.) crystalline complexes.

Veporic basement (5-7): 5 = the Cierny Balog complex (5a = a part of the Veporic zone, 5b = thrust over the Supratatric zone); 6+7 = the south Veporic crystalline complexes.

Gemeric crystalline basement (8).

Structural elements (9-15): 9 = Early Variscan (appr. Early Devonian) thrust; 10 = Late Variscan (Early Carboniferous) thrust; 11 = Early Alpine (Late Jurassic-Early Cretaceous) thrust; 12 = mid-Creta-
ceous thrust; 13 = reverse fault; 14 = Klippen Belt axis; 15 = strike-slip fault; 16 = post-Early Carboniferous complexes.

Abbreviations of the Alpine tectonic zones: K = Klippen Belt unit; IFT = Infratatric zone; T = Tatric zone; ST = Supratatric zone; V = Veporic zone; G = Gemeric zone; M = Meliata unit; S = Silica unit.
Abbreviations of the shear zone names: Bo s.z. = Borinka shear zone (further s.z.); Mo s.z. = Modra s.z.; Hr-Se s.z. = Hradok-Selec s.z.; Hr-Zl s.z. = Hradok-Zlatniky s.z.; Ras.z. = Razdiel s.z.; Ce s.z. =
Certovicas.z.; Pos.z. =Pohorelas.z.; Lus.z. = Lubenik s.z. A-J in circle = the mountains with crystalline basement: A = Male Karpaty Mts. (Little Carpathian Mts.); B = Povazsky Inovec Mts.; C = Tribec
Mts.; D = Strazovske vrchy Mts.; E = Ziar Mts.; F = Mala Fatra Mts.; G = Velka Fatra Mts.; H = Viysoke Tatry Mts. (High Tatra Mts.); | = Nizke Tatry Mts. (Low Tatra Mts.); J = Slovak Ore Mts.

The investigated area is framed on the right side of the figure.
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1. Introduction

The Dumbier massif crystalline and cover rocks belong to
the Alpine (mid-Cretataceous) Tatric zone of the Central
Western Carpathians (Text-Figs. 1,3).

Concepts accepted to this date in the Western Carpa-
thians (MAHEL' et al., 1968; MAHEL', 1986) assign the area
between the Certovica and Pohorela lines (Text-Figs. 1,3) to
the Northern Veporicum (Supratatricum, sensu PUTIS,
1992). How can we use the terms Tatricum, Supratatricum,
Veporicum, designating the main Alpine (mid-Cretaceous)
zones of the Central Western Carpathians?

From the view point of the lithological facies of the par-
autochthonous Mesozoic cover, the Velky bok parauto-
hthonous succession in the Northern Veporic (or Supratat-
ric) zone and also as a part of the Krizna Nappe the thick
Jurassic-Middle Cretaceous sediments, shallow-water as
well as abyssal facies and Carpathian Keuper tends more to
the Tatricum, it is a zone of a general Jurassic-Cretaceous
extension (Text-Fig. 2 ). Both the Tatric and Supratatric
zones have comparable lithological facies of the same age.
It would be perhaps more precise and convenient to regard
the area between the Certovica and Pohorela lines as the
Supratatric, rather than the Veporic zone. Similarly, the
northern margin of the Tatric zone (the Infratatricum) dis-
plays a more complex deformation history and tectonic style
than the central Tatric zone (PuTIS, 1991a, 1991b, 1992).

On the other hand the so called Southern Veporicum (S of
the Pohorela line) exhibits a different lithological facies from
those of the Northern Veporicum. It comprises swell-basin
facies of the unified Foederata (or Struzenik) succession in-

dicating a general Triassic extension of the Veporic unit. At
the present day this unit is roughly situated S of the Pohorela
fault zone (Text-Figs. 1, 2, 3, 4). This part of the Veporic zone
converges to the southern areas adjacent to the Meliata
oceanic basin with Triassic-Jurassic succession, (KOzZur &
Mock, 1987; Kozur, 1991). Due to these reasons we use
the term “Veporicum” only for the area between the Pohore-
la and Lubenik lines (cf. Pums, 1992) with the Permian-Me-
sozoic cover of the Foederata (or Struzenik) succession.

The purpose of this paper is the possible identification of
the Variscan nappe tectonics within the Tatric (incl. the Su-
pratatric) basement, as well as the Alpine thrust, strike-slip
and extensional tectonics of the Supratatric and Veporic
tectonic zones that roughly correspond to the Supratatric
and Veporic tectonic units. The basis of the tectonic-sketch
map of the Supratatric-Veporic basement (Text-Fig. 3) are
recently published geological-tectonic maps of this area
(PuTig, 1981, 1987a, 1989, 1991a; Miko, 1981). Special at-
tention is devoted to successions of deformation stages,
their tectonic styles, structural element associations, the re-
crystallization processes and quartz fabrics.

An attempt to define Variscan and Alpine shear zones has
been made on the basis of the previous criteria.

The nappe structure of the crystalline basement is one of
the characteristic features of the Alpidic Western Carpa-
thian orogeny. There no doubt about the existence of Alpine
nappes including the crystalline basement (KETTNER, 1938;
KouTek, 1931; Jaros, 1971; KLINEC; 1966; KAHAN, 1969;
GREecULA, 1974, 1982; Jacko, 1979; PuTiS, 1983, 1987a,b,
1989, 1991a,b, 1992; KRisT et. al., 1992). A possible Varis-
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Text-Fig. 2.

Variscan-Alpine structure of the Western Carpathian crystalline basement (PuTis, 1992).

1 =Hron Nappe; 2 = Tatra Nappe; 1+2 = Early Variscan nappes of the lower Variscan structural level; 3 = Late Variscan nappes of the Tatric
zone; a part of the upper Variscan structural level; 4 = north Veporic Cierny Balog complex; 5 = south Veporic Kohut, Hladomorna dolina and
Predna hola complexes; 6 = Gemeric crystalline basement: Klatov, Rakovec, Gelnica and other complexes; 7 = Late Variscan granitoid
Vepor pluton; 8 = Zemplin type of crystalline basement (pre-Cambrian?); 9 = Krizna Nappe; 10 = Foederata (Struzenik) succession; 11 =
Meliata unit; 12 = Silica unit; 13 = Middle-Upper Cretaceous sediments; 14 + 20 = Early Variscan thrust; 15 + 16 = Late Variscan thrust; 21 =
extensional faults; 17 + 22 = Early Alpine (Late Cimmerian) thrust; 18 + 23 = mid-Cretaceous thrust; 19 + 24 = Laramian and younger
thrust.

The central Western Carpathians are considered as a part of African (Adriatic) plate like the Austroalpine units in the Eastern Alps (compare
Text-Fig. 15).
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Text-Fig. 3.

Geological-tectonic sketch map of the Low Tatra Mts.-E and the Slovak Ore Mts.-NW (PuTi; origal fig.).

Tatric zone: 1 = Tatric cover (Upper Carboniferous-Middle Cretaceous) rocks: Lower Triassic shales and guartzites; Middle Triassic lime-
stones and dolomites here; 2 = Tatra complex (see text); 3 = Lubietova succession of the Tatra complex.

Supratatric zone: 4 = Permian-Triassic remnants (roots) of the Velky bok (Supratatric cover) succession included into the Krizna Nappe;
5 = Janov grun complex (see text); 6 = Hron complex (see text); 7 = mylonitic schists (phyllonites); 7A = Leptyno-amphibolite complex (sensu
Hovorka & MERES; 1993): a = banded amphibolite, b = orthogneiss, ¢ = serpentinite.

Veporic zone: 8 = Veporic cover (Permian—Triassic) rocks: Permian arcoses, shales, acid volcanics and volcanoclastics, Lower Triassic
quartzites, acid volcanics and volcanoclastics, Middle Triassic limestones and dolomites, Upper Triassic limestones, dolomites and dark
calcareous shales; 9 = Predna hola complex (see text); 10 = Cierny Balog complex (mostly late Variscan granitoids of the Vepor pluton with
gneissous mantle; 11 = tonalite nappe (a part of the Vepor pluton).

Structural elements: 12 = thrust of the higher (non-metamorphosed) Mesozoic nappes {the Muran and Choc Nappes); 13 = thrust of the
Krizna Nappe; 14 = mid-Cretaceous thrust of the Supratatric tectonic unit; 15 = Late Jurassic-mid- Cretaceous thrust of the Veporic
tectonic unit; 16 = internal subhorizontal thrusts within the tectonic units; 17 = reverse fault-thrust; 18 = Variscan thrust; 19 = tectonic
boundary; 20 = primary geological boundary.

can age of thrust tectonics in the High Tatra Mts. was consi- structural data (Janak, 1991, 1992; JaNAK & ONSTOTT,
dered by KAHAN (1969). GRECULA (1982) considered Varis-  1993; FRiTz et al., 1992; PuTis, 1992; PuUTIS et al., 1991,
can nappes in the Gemeric unit. Recent petrological and  1993) support this idea.
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KLINEC (1966) defined a few Alpine N-vergent crystalline
nappes in the Veporic zone. The first data on Alpine meta-
morphism of the basement and the cover rocks were pre-
sented by VRANA (1964, 1966, 1980) from the southern
parts of the Veporic unit.

2. Geology and Tectonics
of the Supratatric and Veporic Zones
(Low Tatra Mts.-E, Slovak Ore Mts.-NW)

2.1. The Supratatric Zone

The Alpine (mid-Cretaceous) Supratatric zone can be de-
fined as a root zone with a parautochthonous position of the
Mesozoic cover rocks later included into the Krizna Nappe
and thrust N-NW over the Tatric zone. The Supratatric zone
(Text-Figs. 1, 3) is bordered by the Certovica (in the N) and
the Pohorela lines (in the S). The basement rocks are
covered by the Permian-Middle Cretaceous Velky bok type
lithostratigraphic succession included in the Alpine base-
ment imbrication structures.

Geographically the Supratatric zone (Text-Fig. 1) com-
prises the eastern part of the Low Tatra Mts. (east of Certo-
vica line), the Hron river Valley, the northwest part of the Slo-
vak Ore Mts. (S of the Hron river) and the Tribec Mts.

The Supratatric basement is built up of the crystalline
nappes covered by the same Mesozoic (the Velky bok type)
succession (Text-Figs. 3, 4). They are:

1) The Janov grun Nappe, formed by the Janov grun com-
plex (greenschists, metarhyolites, granite metaporphyrs,
metadacites, phyllites, metasandstones, mica schist
phyllites, Upper Silurian-Lower Carboniferous in age).

2) The Hron Nappe, formed by the Hron complex (mica-
schists, micaschist-gneisses, metaquartzites, amphi-
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bolites, less paragneisses and orthogneisses, Lower
Paleozoic, Cambrian-Silurian?, Precambrian? in age).

3) The Tatra Nappe, represented here by the Lubietova
succession (paragneisses, augen to layered gneisses,
migmatites with large bodies of mylonitic orthogneisses,
less amphibolites, Lower Paleozoic, Cambrian-Silurian?,
Precambrian? in age).

4) The “Leptyno-amphibolite” Nappe (?) formed by the Lep-
tyno-amphibolite complex (LAC, sensu HOVORKA et al.,
1992; Hovorka & MERES, 1993) consisting of banded
(layered) amphibolites, orthogneisses and tiny bodies of
serpentinized (antigorite) metaperidotites (Lower Paleo-
zoic ?) in the area studied.

The Tatra, Hron and Leptyno-amphibolite complexes
(nappes) belong to the lower Variscan structural level of the
Western Carpathian crystalline basement (PuTiS, 1992) with
features of the Early Variscan tectonometamorphic evolu-
tion, especially in the Tatric, including the Supratatric base-
ment (Text-Figs. 1, 3, 4).

The Janov grun complex (nappe) belongs to the upper
Variscan structural level of the Western Carpathian
basement, together with the Gelnica, Rakovec, Klatov? (in
the Gemeric basement), the Predna hola, Hladomorna do-
lina, Kohut? and Cierny Balog? complexes (in the Veporic
basement) and the Male Karpaty (Marianka, Pezinok, Per-
nek, Harmonia, Dolany) complexes together with the Klini-
sko complex, in the Tatric basement (Text-Figs. 1, 2). These
low-grade volcano-sedimentary complexes indicate an ex-
tensional regime during their formation in the Silurian to Late
Devonian (Text-Fig. 15).

Ductile deformation of quartz and feldspars in mylonitic
orthogneisses indicate temperatures of mylonitization over
450°C. The deformation is assigned to the Late Variscan
nappe thrusting of the Tatra Nappe over the Hron Nappe
(PuTig, 1992) in the Tatric, incl. the Supratatric basement
(KAHAN, 1969; JANAK, 1991; PuTiS et al., 1991; PuTis, 1992;
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Text-Fig. 5.
Tectonic profile through the frontal parts of the Veporic basement nappes thrust over the Supratatric unit in the Kralova hola massif (PuTI§,
1991a).

1 = Muran Nappe; 2 = Krizna Nappe; 3 = Middle Triassic rocks of the Veporic (Foederata or Struzenik) cover; 4 = Veporic Permian-Lower
Triassic cover; 5 = aplitoid and pegmatitoid granites; 6 = metatonalites (tonalite mylonitic orthogneisses), 6a, tonalite mylonitic schists, 6b;
7 = phyllonites of the medium-grade metapelites; 8 = garnet micaschists; 9 = augen granitic mylonites; 10 = leptinites (sensu KrisT et al.,
1986); 11 = micaschists to gneisses of the Hron complex (the Supratatric basement unit); 12 = amphibolites; 13 = thrust of the Muran
Nappe; 14 = thrust of the Krizna Nappe; 15 = thrust of the tonalite nappe; 16 = reverse thrust-fault; 17 = fault; 18 = primary geological
boundary.
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Veporic zone

Text-Fig. 6.

Kinematics and Alpine metamorphic zoning at the Tatric; Supratatric and Veporic boundaries (Pumi$, original fig.).
Black square-line in the Tatric zone means the Variscan overthrust plane of the (higher) Tatra Nappe over the Hron Nappe, with orthogneiss
mylonites in the hangingwall of the Tatra Nappe. Other relationships are obvious according to Text-Fig. 3, 4.

FRITZ et al.,, 1992; JANAK & ONSTOTT, 1993; PUTIS et al.,
1993; HOVORKA & MERES, 1993). The Tatra Nappe is formed
by the Tatra complex, including the Lubietova succession —
paragneisses, anatectic migmatites, S-type granitoids,
orthogneisses and lesser amphibolites.

The Hron Nappe is formed by the Hron complex mica-
schists, micaschist-gneisses, metaquartzites, amphibo-
lites, lesser paragneisses and orthogneisses. The lower
Variscan Hron Nappe dominates in the Supratatric zone.

The higher Tatra Nappe, on the other side, dominates in
the Tatric zone, more to the north, with tectonic windows
into the lower Hron Nappe (Text-Fig. 1).

The upper part of the Hron Nappe consists mainly of
amphibolites, including a few km large bodies of banded
(layered) amphibolites (Text-Fig. 3) resembling the Leptyno
— amphibolite complexes of Variscides. These rocks were
defined as an independent Leptyno-amphibolite complex
(=LAC, in HovOoRKA & MERES, 1993) comprising small bodies
of serpentinites disappearing within the Hron complex, as a
part of the Hron Nappe.

The WNW-ESE orientation of hornblendes and biotites
indicate the direction of the Variscan nappe transport. The
guartz c-axis fabric patterns (Text-Fig. 7) from the layered
amphibolites indicate high-temperature prisma <c¢> glide
in quartz within the light-coloured layers and mostly a pure
shear regime of deformation.

This type of fabric strongly differs from the patterns along
the Alpine shear zones (Text-Figs. 8, 9) and can be inter-
preted to be due to Variscan deep crustal thinning and
thrusting of the LAC together with the upper Variscan Tatra
Nappe over the lower Variscan Hron Nappe. South to south-
eastward thrusting was confirmed in the High Tatra Mts. by
FRITZ et al. (1992).

The mid-Cretaceous Certovica sinistral shear zone incor-
porates the Lower Triassic quartzites and rauhwackes of the
Middle Triassic limestones and dolomites of the Tatric cover
overlying the basement rocks of the Dumbier massif (the
western part of the Low Tatra Mts.). The Certovica line can
be defined as a surface along which the Supratatric unit (or
the Northern Veporicum according to other authors) was
overthrust towards the NW onto the Tatric tectonic unit and
at the same time as a scar left after the expuision of the Me-
sozoic Krizna Nappe to the NW (ZOUBEK, 1931, 1935; AN-
DRUSOV, 1937; BIELY & FUsAN, 1967, etc.).

The Certovica shear zone does not separate distinct
basement rocks. Both sides are formed by augen bearing,
banded orthogneiss — mylonites derived from migmatite to
granitoid rocks occurring in both the Dumbier (the Tatric
zone) and Lubietova (the Supratatric, or the North Veporic
zone) crystalline divided by the Certovica line.

The only anchimetamorphic recrystallization of the Perm-
ian-Mesozoic cover incorporated into the basement tecton-
ic structures in the south Tatric and north Supratatric area
(PLASIENKA et al., 1989; KORIKOVSKY et al., 1992) is reflected
by low-temperature mylonites to cataclasites of the base-
ment rocks. The degree of recrystallization is weak. Only
local quartz subgrains along the quartz/quartz and quartz/
feldspar boundaries, or only deformation lameliae are pre-
sent (PUTIS, 1991D).

In the structural style of recumbent folds of the first Alpine
deformation stage AD1 (PLASIENKA, 1981, 1983; PuTIS,
1981, 1987a) the Janov grun, Hron and Tatra (the Lubietova
succession) complexes have identical cover rocks (the Velky
bok succession). It is strongly believed that these com-
plexes approached one another (probably in the form
of nappes) during the pre-Alpine, i.e. Variscan orogeny.
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Text-Fig. 7.

Variscan quartz c-axis fabrics from light-coloured layers (bands) of banded amphibolites (LAC in Text-Fig. 3; locality No 2 in circle).
Explanations in text. Localization of oriented samples according to Text-Fig. 3 (locality No in circle) and number of measured c-axes on
U-stage: 7a+7d = loc. 2, 1001 c-axes; 7b+7e = loc. 2, 380 c-axes; 7¢ = loc. 2, 315 c-axes; 7f = loc. 2, 230 c-axes; 79 = loc. 2, 456 ¢-

axes,

7a,7c, 7d, 7f, 7g = fabrics of sheared quartz-plagioclase layers; 7b+7e = fabrics of medium- to coarse-grained quartz-plagioclase probably
anatectic mobilizates; 7h+7] = fabrics of sheared metaquartzites in the footwall of the upper crystalline complex (sensu KaHAN, 1969), or the
Tatra Nappe (sensu PuTiS, 1992) thrust to the SE over the lower one (the Hron Nappe) in the High Tatra Mts. (cf. Text-Fig. 1).

Middle-temperature mylonites near their contacts support
this idea.

The Janov grun complex (Miko, 1981) with its Mesozoic
cover is a segment of the core of a recumbent megafold
deeply eroded in the Bacuch valley (Text-Figs. 3, 4). It is
overlain by the upper flank of the megafold built up by the
Hron complex. The formation of the recumbent folds is re-
lated to the Alpine-mid-Cretaceous thrusting of the Supra-
tatric over the Tatric zone, that is also tectonically connected
to the Krizna Nappe formation.

2.2. The Veporic Zone

The Alpine (mid-Cretaceous) Veporic zone of the Central
Western Carpathians belongs to an area of an earlier, ge-

neral Triassic extension. The Pohorela fault line roughly di-
vides the Supratatric in the N and the Veporic zones in the S,
but equally important is the thrust of the Veporic unit over the
Supratatric one (Text-Figs. 3, 4, 5, 6). The Lubenik fault line
the same way divides the Veporic and the Gemeric zones.

Geographically, the Veporic zone (Text-Figs. 1, 3) com-
prises the easternmost part of the Low Tatra Mts. (Kralova
hola massif) and the W part of the Slovak Ore Mts.

The present-day Alpine tectonic structure of the Veporic
unit includes different crystalline complexes:

The northern and central part of the Veporic unit is formed
by the Cierny Balog complex (KRisT, 1976, 1977) composed
of gneisses, leptites, amphibolites, (Lower Paleozoic?) in-
truded by the Late Variscan Hroncok granite body and the
large Vepor granitoid pluton (granite to tonalite) 303-279 Ma
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Text-Fig. 8. (explanation in common with Text-Fig. 9)
Alpine quartz c-axis fabrics from the shear zones in Text-Fig. 3. Localities No 1, 3 = 8 in circles. Explanations in text. Point and iso-line
diagrams from the same sample are located one over another (e.g. a above d) in Text-Fig. 9. ) .

Most of samples appear strogly recrystallized and oriented quartz oblique to S-planes (original metamorphic foliation) in phyllonitized

uartzitic metapelites to metaquartzites of the Hron complex (Text-Fig. 8a—8g; 9a-9f) and low-temperature orthogneiss mylonites of the
atra complex (9i+9l) in the Supratatric basement.
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)

Text-Fig. 9. (explanation in common with Text-Fig. 8).
Fabrics in diagrams 8f + 8g; 9c + 9f are related to S-planes already overturned and dipping to the N during transpression.

Fabrics of Triassic metaquartzites (8h+8i; 95:3;+9j) are comparable with those of the granitoid mylonitic schists (8)-8l; thgkgof the Veporic
basement. All diagrams indicate top-to-E(ESE) thrusting (sliding). Localization of oriented samples according to Text-Fig. gocality oin
circle) and number of measured c- axes: 8a =loc. 3, 208 c-axes; 8b =loc. 3, 170 c-axes; 8¢ =loc. 4, 200 c-axes; 8d = loc. 4, 200 c-axes, 8e
=loc. 4, 200 c-axes; 8f = loc. 5, 190 c-axes; 8g =loc. 5, 160 c- axes; 8h=loc. 8, 190 c-axes; 8i =loc. 8, 175 c-axes; 8| =loc. 8, 180 c-axes;
8k =loc. 8, 170 c-axes; 8l =loc. 6, 190 c-axes. Text-Fig. 9a+9d =loc. 3, 378 c-axes; 9b+9e = loc. 4, 600 c-axes; 9c+9f =loc. 5, 350 c-axes;
9g + 9j =loc. 8, 600 c-axes; 9h + 9k = loc. 8, 540 c-axes; 9i = loc. 1, 235 c-axes; 9/ =loc. 1, 220 c-axes.
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in age according to U-Pb method on zircons (BIBIKOVA et al.,
1990; BIBIKOVA, written communication).

The Muran gneiss complex — orthogneisses, paragneis-
ses to micaschist gneisses, amphibolites — (Lower Paleo-
zoic?) represents a distinctive tectonic element of the south-
Veporic Kohut area (e.g. HOvORKA et al., 1987), dragged and
uplifted along the Muran fault zone.

The Kohut complex (MASKA & ZOUBEK in BUDAY et al.,
1961) is dominated by garnet micaschists, locally with
staurolite and kyanite, intercalated with graphitic and
micaceous metaquartzites, hematite quartzites, as well as
metacarbonates, erlans, small bodies of albite-epidote
amphibolites, serpentinites, chloritic schists and metaso-
matic magnesite, dolomite and talc, (Lower Paleozoic?,
Precambrian?). The unit tectonically borders the Cierny Ba-
log complex (or Alpine Kralova hola nappes) along a re-
verse-fault plane steeply dipping to the S.

The southern rim of the Veporic zone is dominated by
low-grade metamorphic rocks of the Hladomorna dolina
complex, phyllites to garnet micaschists, greenschists to al-
bite amphibolites, (Lower Paleozoic in age) and the Predna
hola complex (greenschists, porphyroids-metakeratho-
phyres, phyllites, metasandstones, lesser marbles, Devon-
ian in age) (KLINEC, 1966; BAJANIK et al. 1979). The Kohut
and Hladomorna dolina complexes are intruded by the
Variscan (BIBIKOVA et al., 1988) Rimavica leucocratic gra-
nites. The superposed contact metamorphism on the edge
of the Rochovce granite (Permian?) was described by Vo-
ZAROVA & KRISTIN (1988).

The north Veporic Variscan granites occur mainly as a part
of the Alpine nappes. They do not form a singular intrusion
but several non-comagmatic massifs with slightly various
ages.

The geochemical and geochronological data indicate re-
latively broad variability of granitic types. The Sihla leucoto-
nalites represent a typical example of I-type allanite —
{(x magnetite, £sphene) series (BROSKA & UHER, 1991; BRo-
SKA & PETRIK, 1993) of the Late Carboniferous (U-Pb zircon
dating: 303+2 Ma, BiBIkOVA et al., 1990). The Vepor and Ipel
granites — granodiorites have mixed S to I-type characteris-
tics of previously monazite — (xenotime, garnet) series with
younger — Late Carboniferous to Early Permian — Rb-Sr iso-
chron data (284122 Ma, BAGDASARYAN et al., 1986).

The whole Veporic crystalline basement is covered with
uniform Foederata (or Struzenik) cover rocks represented by
swell-basin facies of the Permian-Triassic succession. Ar-
coses, quartzites, acid volcanics and volcaniclastics, mid-
Triassic limestones and dolomites, Carnian limestones, do-
lomites and black calcareous shales instead of the Carpa-
thian Keuper occur.

The Veporic unit situated along the Pohorela line is mainly
represented by granitoids of the Late Variscan Vepor pluton
incorporated into the Alpine Kralova hola nappes, thrust
over the Supratatric Hron crystalline complex. The lower
Kralova holanappe comprises augen gneisses to homogen-
eous metagranites, metagranodiorites with abundant xeno-
liths of the gneiss mantle and phyllonitized crystalline
schists. The upper — Vapenica — nappe is composed of me-
tatonalites (tonalite orthogneisses, with diorite enclaves) of
anindependent napps, thrust further to the N than the lower
nappe (Text-Figs. 3, 4, 5).

The Vapenica (tonalite) nappe overlies the common re-
cumbent folds (AD1 deformation in the Supratatric unit) of
the Hron Nappe crystalline complex and its parautochthon-
ous Permian-Mesozoic succession (Text-Fig. 3). The
Vapenica Nappe was thrust into this area to the N in the
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Middle Cretaceous (thick-skinned tectonics) after the main
mass of the Permian—-Mesozoic Velky bok succession had
been formed as the Krizna Nappe.

Younger, Late Cretaceous to Paleogene combined south-
vergent and right-lateral movements caused a steep back-
thrust of the Supratatric Hron Nappe over the front of the
lower Veporic Kralova hola Nappe (Text-Figs. 3, 4, 5). An-
other important feature of this deformation stage is a back-
thrust of the southern edge of the Krizna Nappe over the
frontal parts of the overthrusted Veporic tonalite (Vapenica)
nappe including its cover rocks, in the Supratatric zone
(Text-Figs. 3, 4, B). Fan-like deep synforms of the Foederata
cover in the Veporic basement are also characteristic for this
deformation stage (Text-Figs. 4, 6). The latest tectonic his-
tory of the Veporic unit in the time interval 80-55 Ma is indi-
cated by fission-track data on apatites (KRAL’, 1977, 1982).

Previous analysis of the mid-Cretaceous and later defor-
mation stages however, does not explain the higher grade
Alpine metamorphism within the Veporic unit and the in-
verted Alpine metamorphic zoning in the Supratatric zone,
where the Alpine higher-grade Veporic metamorphic rocks
are overlying the lower-grade Supratatric rocks.

The geological situation S of the Hron river (Text-Figs. 3,
4, 6)indicates thrusting of only one large granitoid body over
the Hron Nappe during the first Alpine deformation stage
AD1 that is diachronous, earlier than AD1 in the Supratatric
unit.

The hangingwall of the granitoid nappe is marked by a few
tens-of-meters thick mylonitic schist and phyllonite of the
granite to tonalite-gneisses. The Pohorela sinistral shear
zone from the N makes the thrust plane of the granitoid
nappe steeper, measured to be 50°.

Subhorizontal to 50-60° south-dipping shear zones with
phyllonitic rocks subdivide the Hron Nappe into a few tec-
tonic slices one over another with boundaries subparallel to
the Pohorelaline.

The mylonite-phyllonite zones in both Veporic and south-
ernmost Supratatric units can be firstly interpreted as the
result of compressional thick-skinned north to northwest-
ward thrust tectonics followed by sinistral transpressional
uplift, N-ward thrusting and top-to-E(ESE) extensional slid-
ing (Text-Figs. 6, 3, 4).

The low-grade metamorphism of the Veporic unit is re-
lated to internal thrust tectonics and due to nappe-thrusting
of the Gemeric over the Veporic unit. We connect it with the
continental shortening phase that occurred in the area adja-
cent to the closed Triassic-Jurassic basins such as the Me-
liata oceanic basin situated S of the Veporic and Gemeric
zones. The only published Ar-Ar age (155 Ma, MALUSKI et al.
1992) from a Meliata unit schist near Kosice indicate already
the Late Cimmerian (Late Jurassic-Early Cretaceous) thrust
and uplift history of the zones with a general Triassic exten-
sion, comprising the southernmost Supratatric, the whole
Veporic, Gemeric and Meliata units (compare with PUTIS,
1991a).

Large phyllonite (mylonite) zones slightly dipping to the SE
(Text-Figs. 3, 4) are accompanying the deep parts of signi-
ficant faults such as Pohorela and Lubenik faults with a com-
plex tectonic history. They are thought to be originally exten-
sional (master detachment) faults, in time, when the Ve-
poricum in the Permian-Triassic formed. Compressional
tectonics during the Late Jurassic-Early Cretaceous
changed their function to thrust faults and later as in the Ear-
ly to Late Cretaceous they operated as transpressional and
extensional faults.
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Text-Fig. 10.

Layered structures of banded amphibolites (1 0a) with geological position according to Text-Fig. 3 (loc.2 in circle) and mylonitic orthogneis-
ses (10b) with geological position according to Text-Fig. 3 (N of loc. 1 in circle).

3. Petrotectonics of the Shear Zones
in the Supratatric and Veporic Units

Principially, two age-groups of shear zones exist in the
Supratatric-Veporic basement: relics of the Variscan shear
zones, and Alpine shear zones.

3.1 Variscan Shear Zones

The relics of the Variscan shear zones were identified by
structures, textures and some quartz c-axis fabrics, be-
cause the original thrust surfaces had been strongly modi-
fied during the Alpine tectogenesis. Despite, even in quartz
fabric patterns (Text-Fig. 7) a pre-Alpine high-temperature
prisma <c> glide has been found in the light-coloured
quartz-plagioclase layers of the banded (layered) amphibo-
lites (the Leptyno-amphibolite complex, or LAC sensu Ho-
VORKA & MERES, 1993). Quartz c-axes tend to concentrate
along small circles near the mineral and stretching linea-
tions. Quartz of coarse-grained quartz-plagioclase veins
and aggregates forms a high-angle circle round the foliation
poles. The patterns are symmetric, obviously due to a pure
shear regime in a deep-crustal thinning deformation pro-
cess. The result of the deformation are layered structures of
amphibolites. But the light coloured layers composed of

quartz, plagioclase, amphibole, garnet, biotite, epidote, ru-
tile, ilmenite, magnetite, hardly can be assigned to lepti-
nites. More real appears their tectonic origin in a deep-seat-
ed shear zone, due to deep-crustal thinning, extensional up-
lift and accompanying melting processes (e.g. LACs in
NEUBAUER, 1989), within the metagabbro-metaperidotite-
amphibolite formation, which have been defined by Miko &
PUTIS (1989, in KRisT et al., 1992, Text-Fig. 74) in the upper-
most part of the Hron complex. The so-called Leptyno-amp-
hibolite complex as an analogy of the above mentioned for-
mation has thus a close tectonic relationship to the upper
part of the Hron Nappe in the Supratatric zone, where the
higher Variscan Tatra Nappe is practically not present (Tex-
t-Figs. 3, 4). Large amphibolite successions assigned by
PuTIS (1992) to the top of the Hron Nappe are also present in
the Tribec and Povazsky Inovec Mts.

In other places, however, in the West High Tatra Mts. (JA-
NAK, 1991) and in the Mala Fatra Mts. (HOVORKA & MERES,
1989) they appear close tectonic relationship to the footwall
of the Tatra Nappe. The possibility that the leptyno-amphi-
bolite complex (LAC) represents an independent complex
coming from the lower crust (HOvORKA & MERES, 1993) is not
excluded.

The orthogneiss mylonites with ductile deformations of
quartz and feldspars already belong to the hangingwall of the
Tatra Nappe exposed in the Low Tatra Mts. (Text-Figs. 3, 4).

Text-Fig. 11.

Newly-formed Alpine tiny (grossularite) garnet, and bitotite, in strongly albitized plagioclase of slightly mylonitized micaschist-gneiss (Hron

complex).

Geological position according to Text-Fig. 3 (N of loc. 6 in circle) and Text-Fig. 6.

Jland x nicols. Scale-bar = 1 mm,




M. PuTI&

S ; g '_. . 2

S A e

g .:i'.!':'fﬂ"'" 3o ‘Q ---?‘.’*‘E'
e A

-

Text-Fig. 12.

Mesostructures (kinematic indicators and fold-style) along the Pohorela shear zone.

a-d = augen mylonites of porphyric metagranite: a = flattened quartz grains in S-planes, oblique to horizontal C-shear planes (XY-cut, left
and XZ-cut, right hand side); b = rotated K-feldspar porphyroclast (XZ cut); ¢ = C-plane type of mylonite (XZ cut); d = extension crenulation
cleavage (dipping to the right) cut the S-planes (XZ cut); a = d = indicate top to E (ESE) shearing along the stretching lineation. .

e + f = fold style as the result of compressional component of tranpression, B-axes of folds are parallel or oblique at acute angle to stretching
lineation: & = phyllonite; f = Permian metaarcose (Foederata cover). )

g = Lower Triassic columnar muscovite-phengite-metaquartzite with distinct stretching lineation; h = metamorphosed phlogopite Middle
Triassic limestone with stretching lineation marked by constrictional sheath-like folds; f-h = Veporic (Foederata) cover rocks.
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Text-Fig. 13.
Microstructures (recrystallization-grade; kinematic indicators) of Veporic granitoid mylonites.

a+b = en-echelon fissures in K-feldspar porphyroclasts filled up by quartz, muscovite, biotite, (XZ cut), X nicols; ¢ = chloritized biotite;
enclosed in microcline; both of magmatic origin (XY cut), X nicols; d = stretched plagioclase (XZ cut), X nicols; e = mylonitic foliation with
grossularite garnet, muscovite, ; biotite, , quartz, epidote-zoisite minerals, calcite, chlorite, // nicols; f = same as e, but X nicols (XY cut); g =
book-shelf sliding in biotite, indicating sinistral (top to ESE) shearing; mylonitic foliation is defined by fine- grained muscovite, and biotite,
(XZ cut), // nicols; h = coarse-grained magmatic biotite, with sagenite enclosed in mylonitic foliation with newly formed muscovite and
biotite (XY cut), // nicols; X+Y+Z = finit strain elipsoid axes. Scale-bar = 1 mm.
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Characteristic diaphthorites of micaschist-gneisses de-
rived from the paragneiss-migmatite-orthogneiss complex
accompany the hangingwall of the Tatra Nappe. In the foot
wall (at the top of the Hron Nappe) diaphtorites, new-formed
white mica and chloritoid replacing staurolite have been
found (PUTIS, 1987a).

3.2. Alpine Shear Zones

The Supratatric shear zones indicate a high mobility zone
have been situated between the Tatric and Veporic units
since the Early Alpine period (part 2.1.). The most intensive
mylonitization-phyllonitization processes were bound to the
Supratatric-Veporic boundary, along the Pohorela line. This
part of paper is devoted to recrystallization proceses, kine-
matic indicators and quartz c-axis fabric patterns especially
along the contact of the Supratatric and Veporic units.

Phyllonite zones N of the Pohorela line are situated within
the Hron complex metamorphic rocks of the Supratatric
basement (Text-Figs. 3, 4). The medium-grade pre-Alpine
mineral assemblage of mainly metapelites contains: quartz,
plagioclase, biotite, muscovite, garnet, locally staurolite,
andalusite, or fibrolitic sillimanite (PuTis, 1982, 19874,
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1989; KRIST et al., 1992). Superposed Alpine phyllonitiza-
tion occured in biotite-garnet to sericite-chlorite metamor-
phic zone conditions, due to compressional thick-skinned
NW-ward tectonics (in the Late Jurassic-Early Cretaceous).
Newly-formed tiny grossularite garnet, grew on the older
almandine cores or within albitized plagioclase grains usual-
ly together with fine-grained biotite, (Text-Figs. 7, 11).
Other recrystallization minerals are: quartz, chlorite, epi-
dote, sericite, calcite, tourmaline, albite.

Asymmetric meso- and microstructures indicate top-to-E
thrusting along the E-W trending stretching lineation. They
include: S-C planes, rotated porphyroblasts of new-formed
albite, rotated relic porphyroclasts of feldspars and musco-
vite, pressure-shadow quartz tails, oblique quartz grain
orientation within the synmetamorphic quartz veins parallel
to the S-planes (metamorphic schistosity). The stretching
lineations are parallel to the B-axes of tight folds in phyllo-
nites.

The gquartz c-axix fabrics confirm the E-ward sense of
shearing (Text-Figs. 8, 9) according to asymmetry of the
two-girdle skeleton to the S-planes. Distribution of c-axes
maxima indicate combined prisma <a> and basal <a>
glide in quartz and a plane strain type of deformation. Quartz

patterns already reflect Creta-

(5007-) 430 Ma

N Proto- Variscan Oceanic Basin

LAURENTIA HRON
TATRA LAC terrane
terrane terrane

(430-) 380 Ma )
Eorly Voriscon Collision (N) and Extension (S)

Pre-Carpathian terrane

(380-) 280 Ma
Late Variscan Collision

LateVariscan Suture Zone
3

Variscan Oceonic Basin

ceous top-to-ENE transpression
and top to ESE-extension move-
ments.

The hangingwall of the Alpine Ve-
poric basement nappe resembles
tectonic style of the underthrusted
Supratatric basement. The Veporic

S
GONDWANA
—

: ©TISSIA (T

terrane
rican basement)

Noric terranne

(GR-GZ-SA-UP-BU)

Text-Fig. 14,

Interpretation of the Variscan tectonic
evolution of the Western Carpathian
basement (PUTIS, criginal fig.).

Early Variscan terrane complexes
(nappes): TA = Tatra complex (1 = pas-
sive, later active margin); LA = Lepto-
amphibolite complex (2 = active mar-
gin); H = Hron complex (3 = passive
margin); Tl = 4 = Pan-African basement
of Tissia; 5 = granitic orthogneisses.
Late Variscan Pre-Carpathian terrane
complexes (nappes), mostly derived
from the active margin of the northern
plate: PER, BAK, KT = Pernek, Rakovec
and Klatov (incomplete ophiolite)
complexes; PH, PO, JG, PEZ = Predna
hola, Pohorela, Janov grun and Pezinok
complexes; CB, KO = Cierny Balog and
Kohut complexes; GEL = Gelnica (rifted
passive margin?) complex; 6, 7 = Late
Variscan, granitoid plutons (6 = older,
mainly S-type; 7 = younger, |, S-type);
8 = Late Varican collision flysch furrow.
Noric terrane complexes (nappes) de-
rived from the passive continental mar-

- s gin of the southern plate: GR, GZ, SA,

- _ 7 | km T~ <~| U-BU = Paleozoic complexes of Graz,

o - Starting Paleotethys (280 - 200 Ma) Graywacke zone, southern Alps and
T SH

Upony-Blukk zone.
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basement south of the Pohorela line is built mostly of meta-
granitoids of the Late Variscan Vepor pluton (Text-Figs. 3, 4,
5, 6).

Magmatic minerals of tonalites, porphyric to homoge-
neous granites, granodiorites (quartz, plagioclase, kalifeld-
spar, biotite, muscovite, apatite, titanite, zircon) are recrys-
tallized into the new-formed mineral assemblage (quartz,
albite, low-Ti- biotite, , muscovite, sericite, chlorite, calcite,
titanite, , less garnet) that defines the mylonitic foliation. Au-
gen metagranitoids, originally porphyric granite varietes loc-
ally also contain tiny euhedral garnets with high grossularite
(35-40 %) content within the mylonitic mineral assemblage
(Text-Fig. 13). Presence of newly formed garnet (with high
grossularite content) in metagranitoids of the Veporic tec-
tonic unit is well-known for a long time (VRANA, 1964, 1966,
1980; Pumis, 1981, 1989, 1991a, 1991b, 1992; MERES &
HovoRkA, 1991). It is also characteristic for distinct Alpine
phyllonite zones along the Pohorela line situated in the Ve-
poric and Supratatric basement (Kralova hola and Fabova
hola massifs, Text-Figs. 3, 4, 5).

The lineation visible on mylonitic foliation is defined by
fine-grained biotite,, chlorite, sericite, roughly inthe E-W (to
WNW-ESE) direction. There are common transitions from

metagranitoids, through augen granite-gneisses to phyllo-
nites (blastomylonites) with S-C asymmetries indicating
top-to-E thrusting of the granitoid slices (Text-Fig. 12).

Kinematic indicators include: S-C planes, rotated feld-
spar porphyroclasts (o-structures), book-shelf sliding struc-
tures in stretched feldspar, quartz and mica porphyroclasts,
tails of recrystallized quartz round the quartz and feldspar
porphyroclasts. These microstructures indicate perfect
ductile behaviour of quartz and a semi-ductile behaviour of
feldspars in biotite to biotite-garnet mylonites (Text-
Fig. 13).

Quartz c-axis fabrics (asymmetric two-girdle diagrams) of
the granitoid mylonites (Text-Fig. 8j-8l) and the Lower
Triassic metaquartzites of the cover (Text-Fig. 8h+8i) are
consistent with those of the footwall, coming from the Hron
complex phyllonites (Text-Fig. 8a-8g, 9a-9f). They reflect
mostly the last top-to-E(ESE) extensional deformation, dis-
tinct especially along the basement-cover contacts of the
low- angle normal fault character (Text-Figs. 3, 4).

The basement mylonites reflect deformation conditions of
about 350-450°C at the depths of 10-15 km. Such types of
Alpine mylonites, closely related to the deformation and me-
tamorphism of the cover rocks, are unknown in the deeper
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Text-Fig. 15.

Alternative interpretation of the centrocarpathian basement (PuTi3, original fig.) as a part of the (Alpine) European plate (EUP); compare with
Text-Fig. 2.

TA, VE, GE = Tatric, Veporic and Gemeric basement and cover (Triassic-Middle Cretaceous) units; MEL = Meliata (Triassic-Jurassic) ocean-
ic unit; UP = Ultra-Pieniny Swell; VAH = Vahic (Late Jurassic?-Late Cretaceous) oceanic unit; KLP = Klape (Late Cretaceous—Early Pa-
leogene) unit; PKB = Pieniny Klippen Belt (Jurassic-Upper Cretaceous) unit; FZ = Flysch Zone (Cretacecus-Paleogene); HEL = Helvetic
epiplaformal unit; CFD = Carpathian Fore-deep (Late Oligocene-Miocene); KRI, CHO and Sl = Mesozoic Krizna, Choc and Silica Nappes;
AFP = African (Adriatic) plate with Austroalpine units; SPE and NPE = South and North Penninic oceanic units, as well as D, SA = Drauzug
and Southern Alps = according to BAUER (1987).

Tectonic structures: Square line: Late Jurassic— Early Cretaceous thrust. Square- triangle line: Late Jurassic—Early Cretaceous thrust,
reactivated in Middle Cretaceous. Triangle line: Middle Cretaceous thrust. Black-triangle line: Eocene thrust. Black dot and arrow = Early
Alpine extensional fault. Arrows = sense of thrusting.
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Tatric unit overriden by the Veporic unit. The higher-tem-
perature Veporic mylonites appear to be older (pre-mid-
Cretaceous), probably Late Cimmerian (PuTiS 1991a,b,
1992). They are related to N-ward compressional thick-
skinned tectonics (Late Jurassic—-Early Cretaceous) con-
tinuing by transpressional uplift (Early Cretaceous) accom-
panied by NW-ward thrust over the Supratatric unit (mid-
Cretaceous) and top-to-E(ESE) extensional sliding (late
Middle-Cretaceous—Early Paleogene).

4. Conclusions

@ The Tatro-Supratatric basement comprises the rem-
nants of Variscan thrust tectonics indicated by:

a) the existence of nappe-bodies of regional meaning:
the Tatra Nappe, the Hron Nappe (PuTIS, 1992); the
LACWECA (HOVORKA et al., 1992; HOVORKA & MERES,
1993), (Text-Figs. 1-4, 14).

b) the inverted metamorphic zoning in the High Tatra
Mts. (JANAK, 1991, 1992) and in other regions (PUTIS,
1992),

¢) the ductile high-temperature deformational fabrics
of feldspars and quartz (Text-Figs. 7, 10).

© The Alpine nappes of the southernmost Supratatric and
the whole Veporic basement (incl. the cover rocks) form-
ed mainly due to Late Jurassic-Early Cretaceous thick-
skinned tectonics related to a continental shortening
phase. it occured in the area adjacent to closed Trias-
sic-Jurassic basins like the Meliata oceanic basin situ-
ated S of the Veporic and Gemeric zones (Text-Figs. 2,
15). Alpine metamorphism (in biotite-garnet, or kyanite-
chloritoid-biotite zone conditions) is bound to this defor-
mation stage.

© The inverted Alpine metamorphic zoning (Text-Fig. 6) in
the Supratatric zone formed during the mid-Cretaceous
thrust of the uplifted and metamorphosed Veporic unit
(Text-Figs. 12, 13) over the Supratatric unit (Text-Figs. 3,
4, B).

@ E(ESE)-ward extensional sliding (late mid-Cretaceous—
Early Paleogene) occurred in the southern Supratatric
and Veporic (and Gemeric) units due to postcollisional
uplift of the south Tatric and Supratatric units. The Alpine
(low-grade) metamorphic complexes appeared near the
surface (Text-Fig. 6).

@ Quartz c-axis fabric patterns indicate:

a) Variscan high-temperature deep-crustal shear zone,
connected with thinning and uplift of deep-crustal
complexes (“LLAC™);

b) low-to middle-temperature Alpine shear zones, con-
nected with thick-skinned and later extensional
tectonics.
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