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Tectonic Structures in the Tunnel ViSnové in the Lu¢anska Mala

Fatra Mts., Slovakia

A. MATEJCEK', R. ONDRASIK? and S. HOLESA'
" GEOFOS s.r.o0., Velky Diel, 010 08 Zilina, Slovakia

2 Dept. of Engineering Geology, Fac. of Natural Sciences, Comenius University, Mlynska dolina G, 842 15 Bratislava

The geology of Lucanskd Mala Fatra mountain is very com-
plex, with Variscian pre-Upper Carboniferous crystalline core,
Alpine Mesozoic mantle and overthrust units. Pre-Quaternary
bedrock is covered by Quaternary, except for rock cliffs.

The central ridge is composed of crystalline rocks. Parallel
ridges as well as the southern part of the central ridge consist of
Mesozoic sedimentary strata. Foliation in crystalline rocks and
bedding planes in sedimentary rocks incline generally to
the northwest, with local anomalies. Mesozoic suits are built up
by three tectonic units — the sedimentary mantle in transgressive
position on underlying crystalline rocks, and two overthrust
units — the lower Kriziian and upper Cho¢ nappes. Clastic and
carbonate sediments alternate in all three units. They are inten-
sively tectonically deformed. Mesozoic sediments are in tecton-
ic contact with Cenozoic fill of the basins. The tectonic contact
between the Mesozoic suits of Lucanskd Mald Fatra Mt. and
Paleogene flysch of the Zilinskd kotlina basin was detected by
borehole V-9 (GEOHYCO 1998).

The 1.47 km long highway tunnel will cross the northern
part of the Lic¢anska Malé Fatra Mt. The western tunnel mouth
is situated on the eastern margin of the Zilinsk4 kotlina Basin, in
flysch rocks. The eastern tunnel mouth is near to norhwestern

edge of the Turcianske kotlina basin in granitic rock. Most of the
tunnel will be driven through crystalline rocks, with about 2 km
of the western section to be driven through Mesozoic sediments
and the mouth itself, in flysch rocks and Quaternary colluvial
deposits.

Data gained from the pilot tunnel showed a complex geo-
logic structure as predicted.. Granits, tonalite, migmatite, gneiss,
with quartz veins, and lamprophyre dykes up to 1 m thick, oc-
cur in the eastern part of the pilot tunnel. Landslides, indicated
by field research and geoelectric resistivity methods at the west-
ern tunnel mouth, were proved by the pilot tunnel, driven from
the western end. Mesozoic suites (Jurassic and Triassic) con-
sist of limestone and dolomite, with marlstone, claystone and
evaporite.

The pilot tunnel also showed the inhomogeneity of tectonic
deformation of rocks, from slightly deformed rock by jointing,
to greatly deformed zones disintegrated into gravel and fine soil.
The thickest zone, up to 400 m, of disintegrated rocks was ob-
served at the eastern pilot tunnel mouth. Many other fault zones
up to some meters thick, have been found in the granitic rock
mass. Some of them were filled with calcite. Three dominant
systems of tectonic faults have been identified: NEN-SWS
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direction with a steep dip on both sides, NNW-ESE to NW-SE
direction with a steep dip to the ENE, and NW-SE with a steep
dip on both sides

Disintegrated rocks were also found in zones some meters
thick, in Mesozoic sedimentary suites. Claystones and marlstones
weathered to clay of medium to high plasticity. Dolomites
disintegrated into pebble and sand. Open gaps and caverns up to
1 m were found in carbonates.

Crystalline as well as sedimentary rocks are much jointed,
often with striation of sub-horizontal to vertical dip. Sub-hori-

zontal striation of NWN-SES direction was found even in limnic
limestones of Upper Miocene age (Panonian) in the vicinity of
the eastern pilot tunnel mouth. This indicates that horizontal
tectonic movement took place at the end of the Miocene.

Concentrated inflow of ground water took place from fault
zones as well as joints in granitic rocks with a yield up to more
than 401 per second. Fault zones were water bearing in their
marginal parts. The central part of some fault zones is filled
with clay gauge up to 1 m thick. Clay filling is also found in
cracks in fault zones.

Multi-Stage Variscan Evolution of the Central Sudetes — Struc-
tural Evidence from the Ktodzko Metamorphic Unit

Stanistaw MAZUR

Institute of Geological Sciences, University of Wroctaw, Pl. Maxa Borna 9, 50-204 Wroctaw, Poland

The Sudetes display numerous features indicating the Late Dev-
onian/Early Carboniferous age of their tectono-metamorphic
evolution (e.g. recent review in Aleksandrowski et al. 2000). This
time range is constrained, among others, by Carboniferous
cooling ages of several metamorphic complexes, Carboniferous
late- to post-orogenic plutonism and by a continuous basinal
sedimentation until the Late Devonian or Early Carboniferous.
However, these pieces of evidence seem to contradict
the occurrence of the so-called pre-Upper Devonian unconform-
ity in the Ktodzko unit, originally recognized by Bederke (1924).
Folded and metamorphosed metamorphic series in that area are
unconformably overlain by basal conglomerate and Late Devo-
nian limestone. Since the work of Bederke, the unconformity
has been frequently interpreted in favour of the Caledonian orog-
eny in the Sudetes (e.g. Bederke 1929; Don 1990; Oliver et al.
1993). Nevertheless, the Early Palacozoic/Early Devonian tec-
tonism in the Ktodzko unit was discredited by new palaeonto-
logical evidence indicating the Late Givetian age of the meta-
morphosed limestone from that area (Hladil et al. 1999). Con-
sequently, the ages of folding and metamorphism in the Ktodzko
unit seem to be restricted to a narrow time span of ca 10 Ma
between the Late Givetian and Late Frasnian.

Metamorphic rocks of the Ktodzko unit below the angular
unconformity, experienced three main deformation events D;-Ds.
Two following deformations, D,-Ds , were subsequently imposed
both on the metamorphic basement of the Ktodzko unit and on
the Late Devonian — Early Carboniferous sedimentary succes-
sion of the adjacent Bardo basin. The Devonian part of the struc-
tural evolution which took place between the Late Givetian and
Late Frasnian involved: (1) top-to-WNW D, thrusting, (2) com-
pressional D, folding due to NNE-SSW shortening and (3) dex-
tral strike-slip displacement D; confined to WNW-ESE trending
shear zone hundreds of metres wide. The first event in most cases
took place under the amphibolite facies conditions and was
followed by the latter two accompanied by greenschist grade
metamorphism. The post-Devonian deformation sequence com-
prised: (4) WNW-ESE sinistral strike-slip shear D, associated
with the emplacement of the late-tectonic Ztoty Stok granite and
(5) intense Ds folding of the Bardo basin and of the adjacent part
of the Ktodzko unit produced by NNE-SSW compression. The
first deformation event D, formed the general structure of the
Ktodzko unit representing a pile of thrust sheets characterized

by tectonic inversion of the metamorphic grade. The whole stack
rests on the essentially unmetamorphosed Nowa Ruda ophiolite
and is overlain by a younger sedimentary succession of the Bardo
basin.

Structural evolution of the Ktodzko unit started already in
the early Late Devonian and was terminated by uplift and ero-
sion in the latest Devonian followed by a period of basinal se-
dimentation in Early Carboniferous. The second deformation par-
oxysm took place at the end of Early Carboniferous times and
was roughly coeval with the emplacement of the Ztoty Stok gra-
nite. Consequently, the Variscan evolution of the Ktodzko unit
seems to be split into two time intervals separated by short-
-duration phase of extension and sedimentation. Outside
the Ktodzko unit in the central Sudetes, the first orogenic event
can be correlated with deformation and uplift of the Géry Sowie
massif as well as with the emplacement of the Sudetic ophio-
lites. The second one corresponds to the deformation and me-
tamorphism of the Orlica-Snieznik dome. Both domains of
the central Sudetes showing different timing of the Variscan con-
vergence (i.e., Gory Sowie/Ktodzko and Orlica-Snieznik do-
mains) are now juxtaposed along the late-orogenic sinistral
Skrzynka shear zone. Despite of their present proximity, they
appear to represent fragments of different collision zones suc-
cessively involved in the Variscan accretion of the Sudetes. Hen-
ce, the complex structural history of the Ktodzko unit does not
support a continuous continental convergence lasting from
the Devonian to Early Carboniferous but a discontinuous evolu-
tion model. In the latter model the already exhumed Devonian
collisional belt was folded once again during the Early Carbon-
iferous event.
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