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Variscan suture zone in Gemericum: Contribution to reconstruction
of geodynamic evolution and metallogenetic events
of Inner Western Carpathians
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Abstract. The finding of Variscan geosuture in the North-Gemeric zone, as well as microtectonic proofs of its
kinematics, suggested a modified model of Variscan tectonic evolution of Inner Western Carpathians, having

impact also on metallogenesis.

The northward inclined ductile shear zone, dividing Early Paleozoic rocks of Gelnica and Rakovec
Groups of Gemericum, manifested kinematics of south-vergent Variscan exhumation. The Rakovec Group,
partly representing subducted oceanic crust (active back-arc type?), was exhumed in dextral transpression on
Gelnica Group, as the former marginal lithology of the basin during the young stage of its evolution.

We suppose that thermal processes in collisional régime were sufficient for increase of thermal gradient,
metamorphism and metallogenic processes. Geodynamics of Inner Western Carpathians from the time of Or-
dovician riftogenesis till Mesozoic is interpreted to be a product of the heat flow caused by the same linear

source of convectional heat.

Key words: microtectonics, exhumation, metallogeny, geodynamic evolution, Gelnica and Rakovec Groups,

Gemericum

Introduction

The research of the boundary zone between the Early

Paleozoic Gelnica and Rakovec Groups of Gemericum

was motivated by the multivariant interpretation of litho-

tectonic relations in this zone:

1. Angular discordance of rocks of Rakovec Group to
those of Gelnica Group due to the Spi§ phase of fold-
ing (Fusén et al., 1955).

2. Continual sedimentary and volcanic development
from Gelnica Group to Rakovec Group (this finding
was the reason of distinguishing the only one Volovec
Group, Grecula, 1982).

3. North-vergent Variscan overthrust of the northern part
of Gelnica Group, i.e. KojSov nappe on Rakovec
Group (Rakovec nappe; Grecula, 1982).

4. Finding of mylonitic zone on the boundary between
both groups (Fig. 1), northern inclination of kinemati-
cally active oldest secondary foliation and proofs of
the presence of higher to high-pressure metamorphic
overprint of a part of Lower Paleozoic and partly Car-
boniferous rocks in the North-Gemeric zone (Hovorka
et al., 1988; Radvanec, 1998, 1999) led to origin of
subduction-exhumation model of the rocks of the
Rakovec zone being interpreted like the Variscan su-
ture zone (Németh, 1999).

The additional data of recent research, preferably
about kinematics in this zone, should add arguments for
or against above mentioned interpretations.

All topographic orientations, stated in the text are
relative and used for simplification of mutual azimuthal
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relations of tectonic units of Inner Western Carpathians.
The orientations "northern” and "southern” etc. is valid
only for Tertiary and younger space relations. In the case
of older geological events they are the relative ones, but
simplify explanation of mutual relations of litho-
stratigraphic units in older evolution. The rotation of the
crustal segments (microplates) during long-time evolu-
tion is widely known and proved with results of paleo-
magnetic survey.

Methodology

The result of this study are based on the regional
structural/microstructural research following former re-
gional field mapping in the Gemeric region in the scale 1
: 10 000 and assembling of the geological maps of the
Nort-Gemeric zone in the scale 1 : 25 000.

The ductile shear zone dividing rocks of Lower Pa-
leozoic Gelnica and Rakovec Groups was firstly found by
the field observation. Microstructural analysis was used
for finding of deformation gradient of rocks and azi-
muthal orientation of tectonic transport. The mylonitiza-
tion of various protoliths caused the origin of the shape
preferred orientation (SPO) and the lattice preferred ori-
entation (LPO) of rheologically active minerals. The LPO
was investigated by optical microscope using the gypsum
plate and U-stage.

For calculation of differential stresses, causing defor-
mation of carbonates, we have used the paleopiezometri-
cal methods of Twinning incidence (It) and Twin density
(D; Rowe and Rutter, 1990).
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tains boudinaged asymmetric quartz lamines. They dem-
onstrate top-to-the-ESE shearing, predating the contact
metamorphism by Gemeric granite.

Mylonite of non-laminated metapelite (20SLO, VS, =
15/35) exhibits extremely strong LPO of totally dynami-
cally recrystallized quartzy aggregates. Because of
rheologically homogenous material without laminae, all
strain was accommodated by quartz grains with origin of
oblique foliation.

Bulk foliation of pale-coloured mylonite (Perlova val-
ley, PED1, VS, = 10/80) is formed by newly formed seric-
ite leaves. The undulose extinction of quartzy o-porfyro-
clasts indicate ambiguous vergency of transport to E and W.

Mylonites of acid and intermediate pyroclastics and vol-
canoclastics

Volcanoclastics are present in intercalations of lami-
nated flyschoid sandstones in the upper part of
lithostratigraphic column of Hnilec Formation (interme-
diate rocks from the Korban altitude point west of
Helcmanovce KORI1, VS, = 354/40 and KOR2, VS, =
15/8, top-to-the-ENE; VS1 eastward of Rejdova village,
VS, = 178/25, top-to-the-ESE). Acid volcanoclastics of
Slovinky (ZN-2-SLO) demonstrate strong LPO and SPO
in quartzy matrix without manifestations of static recrys-
tallization. Feldspars are deformed by twinning.

Mylonite of coarse-grained volcanoclastics from
Tokarent mountain ridge (TOK9, VS, = 172/60, top-to-
the-W) demonstrates SPO (flattening) of quartz and feld-
spar grains and wide anastomosing foliation planes with
white mica.

Distinct asymmetric structures in mylonite of acid
volcanoclastics with quartzy detrital bands and organic
matter ("black porphyroid”, Romanovi valley to SW of
Opitka village, RM2, VS, = 342/18) indicate top-to-the-
SSE shearing.

Mpylonites of green phyllites

Mylonites of olive-green chloritic phyllites (VS6, the
northern vicinity of the village Vy$nd Sland, VS, =
189/33) and SMR1, the peak of Smrecinka hill, VS, =
285/25; both top to the SSW; CP5A, southward of
Kosickd Bela village) contain in fine-grained Chl-Ser-Qtz
matrix sporadical feldspar and quartz clasts (undulose
extinction, recrystallization by GBM, deformation la-
mellae, subgrains, linear arrangement of fluid inclusions).
Quartz clasts are dynamically recrystallized, showing
boudinage, intrafoliation folding and strain caps.

In banded quartzy olive-green phyllite (Slovinky,
SLV1, VS, = 330/10, top-to-the-ESE) the phyllosilicate
intercalations are transformed into bulk foliation. The
intergranular spaces in quartzitic intercalations are filled
with fibroidal fine-grained Qtz-Ser-Chl aggregate.

Tectonites from (allochthonous) hanging wall of ductile
shear zone

For description of various types of mylonites in al-
lochthonous part of shear zone (rocks of Rakovec

Group), the different degrees of strain softening, relat-
ing mainly on protolith of mylonites, were used as a
primary criterion.

Phyllitic mylonites

Sericite-chlorite phyllites (fine-grained aggregate Chl
+ Qtz = Ab * Ser) represented the softest medium of
Rakovec Group. The dynamic recrystallization by GBM
of thin quartzy intercalations, or sporadical clasts, caused
their boudinage resp. total reduction. Recrystallized mica
aggregates were usually folded and in mylonite they were
present in foliation and shear bands as well as in the axial
plane cleavage of microfolds. The quartz-chlorite syn-
tectonic veins and younger pyritization and limonitization
were also observed.

Oblique foliation among C-planes in violet-green
phyllite (typical facies from Rakovec zone; Dobsinska
Masa farmhouse, DM3, VS, = 160/25) indicated top-to-
the-W tectonic displacement.

The increasing degree of mylonitization of violet-
green phyllites caused, together with their microstructural
rebuilding, also the change of their colour to yellow-
green. We explain this change by their total microstruc-
tural reworking with origin of very fine-grained aggregate
Qtz-Chl-Phe-1ll (e.g. 1KRI northward from Hnilec, or
GL2 northward from Gelnica, VS, = 108/76, top-to-the-
SE). The yellow-green phyllitic mylonites represent plas-
tic environment surrounding rigid blocks (e.g. basalts).
The same mylonite type we have found also in the under-
lier of Carboniferous conglomerates of Rudiiany Fm. of
Dobsind Group.

Basalt pyrocklastics and volcanoclastics

Mylonite of basalt volcanoclastics (DobSinskd Masa
farmhouse, DM2, VS, = 130/25) has numerous synthetic
shears with newly formed white mica and chlorite indi-
cating top-to-the-E shearing. Twinned grains between
individual synthetic shears demonstrate book-shelf slid-
ing. Decomposition of old plagioclases is accompanied
with origin of epidote-zoisite and crystallization of albite.

Plagioclases of protomylonite of basalt pyroclastics
(Smrecinka elevation point, SMRS, VS, = 315/12) are
albitized, carbonatized and partly replaced by fine-
grained aggregates of clinozoisite. The newly formed
actinolites are a syn-tectonic product. Part of o-
porphyroclasts indicated dispacement to NE, but younger
tectonic overprint top-to-the SW was indicated by crys-
tallization of chlorite in synthetic shears and by deforma-
tion lamellae of plagioclases.

Matrix of mylonite of basalt pyroclastics (Smre¢inka
elevation point, SMRS8, VS, = 337/80) consisting from
flattened Qtz + Ab grains with strong SPO, represent
bulk continuous foliation. Moreover, the spaced folia-
tion by chloritic bands and boudinaged strips of newly
grown carbonate have the same course. In described
mylonite the top-to-the-ENE tectonic transport is indi-
cated by synthetic shears and plagioclase o-porphy-
roclasts as well as occasional book-shelf sliding of their
fragments.
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246 Ma; Zlata Idka 251 and 223 Ma (Kovach et al.,
1986)]. The similar effect is indicated also by the pres-
ence of best developed siderite-sulphidic veins directly in
the North-Gemeric zone. These veins penetrate the suture
zone often through the bondary zone of Gelnica Group,
Rakovec Group, Carboniferous formations and Permian).
Towards the south the vein parameters became worst.
Conductive overheating of the Lower Paleozoic rocks of
Gemericum (Gelnica Group) was the most intensive in its
lowermost horizons built up with the Betliar Fm., Holec
Beds and the Lower variegated volcanic horizon. These
served as the metal source for originating fluids entering
into extensional structures above (detail aspects of this
metallogenic process are stated in works by Radvanec,
1987 and Grecula et al., 1991). The "cover” position of
rocks of Betliar Formation on rigid crystalline basement
and beneath the soft overlier of the Gelnica Group pro-
tected them against tectonization in previous process of
exhumation and south-vergent thrusting of Rakovec
Group. In Permian era before the generation of ore veins
started, the rocks of Betliar Fm. had been in the same
deposition like during the sedimentation in Ordovician-
Silurian era, that is, they were not affected by Pre-
Permian orogenesis. All Pre-Permian (south-vergent)
tectogenesis was accommodated by overlying Smolnik
and Hnilec Formations (Fig. 3)

Alpine geodynamic evolution

The effects of Permian extension in Gemeric terrane,
owing to the displacement of lithosphere above the axis
of convectional heat, were gradually shifted from the
north southwards. This is the reason why we suppose in
Triassic-Jurassic era the slowing down the sedimentation
in the North-Gemeric zone, and, on the contrary, the new
spreading activity is supposed to start in the zone of the
South Gemericum. The extension in the southern zone
caused gradual disintegration of the continental crust and
origin of the elongated Meliata-Hallstatt basin. The relicts
of the former basin after its clossure are represented by
obducted marginal sequences of the Meliata basin, the
Bérka nappe (cf. Németh, 1996, Fig. 4 ibid.) and origin
of geosuture in the Roziiava discontinuity zone, being
indicated also by magnetoteluric profile of Pawliszyn
(1978) in Grecula et al. (1995).

Later Alpine evolution after Upper Jurassic? conver-
gence has been divided into four deformation phases:

Deformation phase AD, is tightly related to the clo-
sure of Meliata-Hallstatt basin with following succession
of events: Closure of the basin and transport of the Bérka
nappe on Gemericum. Ongoing convergence caused not
only the north-vergent imbrication of Lower Paleozoic
rocks of former Variscan collisional terrane, but the
Lower Cretaceous displacement of several kilometers
thick rock pile of Gemericum northward on Veporicum.
This process of detachment was allowed by the rheologi-
cally contrast horizon of the black schists of Betliar Fm.
(Németh et al., 2001a), dividing rigid crystalline base-
ment from the rocks of Gelnica Group.

We suppose that a part of former Betliar Formation
(incl. Holec Beds) remained cut in its homeland. The

north-vergent imbrication in low-temperature brittle-
ductile and brittle regime caused multiple repeating the
Early Paleozoic lithology of Gemericum. Next conse-
quence of north-vergent overthrust setting (indicated by
white arrows in Fig. 1) was also the recent picture of
distribution of zonality of Variscan metamorphism in
Gemericum (cf. Radvanec, 1989, 1992; Faryad, 1991a,
b, ¢). The overthrust setting destructed also the courses
of Late-Variscan/Early-Alpine ore veins (cf. numerous
examples in Grecula et al., 1990b, 1995; Grecula,
1982).

The Alpine Lower Cretaceous nappe displacement on
Veporicum during AD, (Fig. 1) caused:

1. Truncation of northern depth continuation of
Rakovec geosuture, and "retraction” of its lower parts be-
low Gemericum. This "bended" course of depth continua-
tion of flat body of heavy material was indicated also by
the complex geological-geophysical profiles of the Project
SGR-geophysics (Grecula and Kuchari¢, eds., 1992).

2. Thrusting of North-Gemeric zone on "Veporic
ramp” caused elevation uplift ("vent") of this area in
frontal parts of the nappe, its disintegration and later ero-
sive removal of cover carbonates of the Stratena Group.

The Alpine nappe-overthrust piling of crustal material
(the basement nappe) caused thickening of continental
crust in the Western Carpatians and in Middle Cretaceous
the unroofing of Veporic basement during phase AD,
(Fig. 1 upper left and right).

Deformation phase AD; with the origin of conjugate
systems of brittle-ductile and brittle shear zones of NW-
SE and NE-SW trends (cf. Grecula et al., 1990a; Németh
et al., 1997) caused arc bending of Gemericum, as well as
the Lubenik-Margecany line, and sensu lato also of the
whole Western Carpathians (Németh et al., 2001b).

Deformation phase AD, is a gradual continuation of
AD:;. It reflects an orogen parallel extension in east-west
direction. The crustal indentor for the whole Western
Carpathians was directed northward to the South-
Gemeric zone. The brittle deformation during AD, takes
place in shallow crustal levels and prevailing structures
are those of pure-shear (faults, joints).

Conclusions

Defining of Variscan geosuture in the North-Gemeric
zone and microstructural proof of kinematics of repre-
sentative rock types in the Gelnica and Rakovec Groups
led to suggestion of modified model of Variscan tectonic
evolution of Gemericum together with new interpretation
of ore-veins generation.

We suppose, that thermal processes in collisional oro-
gen in this internal part of Western Carpathians were suf-
ficient for increase of temperature gradient, and served
sufficient heat for higher-temperature metamorphism,
origin of Gemeric granites as well as metallogenic proc-
esses in Permian era.

Conductive overheating of Lower Paleozoic rocks of
Gemericum (Gelnica Group) was the most intensive in its
lowermost horizons, built up by the Betliar Fm., Holec
Beds and the Lower variegated volcanic horizon. Their
position on rigid crystalline basement and beneath the
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