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First results of the gravity modelling along the line 1gm in the North-Eastern
part of the West Carpathian Flysch zone in Slovakia
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Abstract. The gravity profile 1gm in the Eastern Slovakian Flysch zone transects the Pieniny Klippen Belt,
Magura and Dukla units. The Klippen Belt forms a narrow tectonic structure at the borderland between the
Inner Carpathians and the Outer Flysch zone. The Flysch units are eradicated nappes floating over the extra-
neous detached blocks of the crust of continental origin (?European).

The model is based on the recent gravity measurements and it is supplied by geophysical and geological
data. For calculations we used the reduction density of 2,67 g/cm® has been used. The Moho-layer was de-
signed after the Horvéth’s (1993) model, with stepless surface dipping to the north. The Inner Carpathian
tectonics is based on general geological situation (Biely et al. 2000, resp. Lexa et al. 2001) extrapolated to the
depth, using the interpretations of the seismic sections (Vozdr et al. 2000).

The Flysch units appear all slightly lighter than ,,normal,, in our model with density inversion to the
depth. This may be geologically explained as an influence of younger (Oligo-Miocene) sediments of the
Outer Carpathian nappes under the Magura group of the nappes. To the north of our profile the deep depres-
sion was modelled, as the Polish interpretations indicate (Zytko 1999, Krélikowski — Stefaniuk 2000).

The magnetometric DT graph along the profile is also presented. It is structured to the three main fields

coincides with the surfacial geology and regional characteristics of the gravity field.
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Introduction

The Slovak territory is covered by gravity measure-
ments already from early seventies. The area of eastern
part of the Flysch zone of the West Carpathians was
measured with grid density of 3 pt/km2 (Pospisil — Hanci-
nové 1974). More precise data were recently gained along
the three gravity profiles measured in the north-eastern
Slovakia (Fig. 1).

Profile 1gm is easternmost of the three: it starts in the
Vy3ny Zipov village, runs to the NE over the river-dam
Domasa to Olka village and ends at the Slovak-Polish
state frontier.

Profile 2gm starts in KeZmarok town, it is directed to
the NW and ends in Tatranskd Javorina village.

Profile 3gm is S-N oriented. Southern end bears on
the Nizke Tatry Mts., to the north crosses the Liptov de-
pression and terminates in the Ratkové valley in Vysoké
Tatry Mts.

The geophysical measurements in the northern re-
gions of the Slovakia were undertaken to link the data
from the territories of surrounding countries.

Geological setting
The region of the Eastern Slovakia along the gravity

profile 1gm and in adjacent Polish territory is build of the
West-Carpathian Flysch Zone. Only at the southernmost
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part the profile hits the Inner Carpathian Paleogene and
crosses the Carpathian Klippen belt. To the north, the line
transects the Magura nappe and ends in the Dukla unit
(see Fig. 2).

Flysch zone within this realm forms structured Magura
unit, overthrusted to north-east to Dukla and Silesian unit.
The surface units are underlain to the depth with the
Obidowa-Slopnice unit. This is lately considered by some
Polish geologists to be an equivalent (if not identical) to
the Dukla, or the Silesian unit respectively (e.g. Burtan et
al. 1992, Cieszkowski et al. 1985). The extension of the
Obidowa — Slopnice unit was proved by the boreholes, e.g.
Obidowa IG-1 (Cieszkowski 1986, Cieszkowski et al.
1985), Zborov-1 (Kordb et al. 1991) or Zboj-1 (Korib,
Durkovi¢ 1980, Durkovi¢, Koréb et al. 1982).

All the three tectonic units (Dukla, Silesian and
Obidowa-Slopnice) belong to the Middle Group of the
nappes, sometimes referred together with the External
units simply as ,the Krosno Flysch®, while the Magura
unit forms the Inner Group of nappes (after Nowak 1929,
also Ksiazkiewicz 1972).

Structurally, the nappes are overthrusted and stacked
with north-eastern vergency one over another, from the
innermost (as the highest) to outer (the lowest). Altogether,
the nappes are overthrusted to the European platform.

Inner structure of the Magura unit is extremely com-
plicated. The division to the three tectonic-facial units
applied to the western part of the Flysch zone is only
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The basic structuring of the gravity profile in the ver-
tical scale is as follows: The upper mantle, the lower crust
and the upper crust. We have placed the Moho - discon-
tinuity at the depth of some 25 km in the south, with a dip
to the north down to the 40 km. Our model is based on
the data completed by Horvéth (1993) and Lenkey (1999)
for the Carpatho—Pannonian region.

Some older interpretations based on the refraction-
seismic measuring indicated the sharp step at the course
of the Pieniny Klippen belt, where the Moho—surface falls
to depth more than 40 km (Berdnek, Zounkovad 1979,
Fusén et al. 1981). After others, the step of Moho-layer is
further to the south (Majcin et al. 1988). None of these
models were later satisfactorily confirmed.

For the northern overlap of the profile, we accepted
Polish data of the European platform surface, as they
were presented in several papers (Zytko 1997, Oszczypko
et al. 1989). We have confronted our results also with the
interpretation of the profile Nr. 16 (Radoszyce, Przemysl)
(Wéjcicki, Stefaniuk 2000).

We accepted the astenosphere — lithosphere interface
as it was stated by Horvith (1993) and Lenkey (1999).
General sinking of this surface from 80 km at south to
130-140 km at the north was also confirmed by several
measurements of the magnetotelluric sounding along the
profile from Poland, across the Slovakia to Hungary
(Adém et al. 1997).

The structure of the Outer Carpathian nappes is based
mainly on the surfacial geological data (geological map
of Lexa et al. 2000), on the many detailed studies (e.g.
Kordb et al. 1991, Wdowiarz 1976) and results of the
boreholes (Zytko et al. 1989). Modelled elements were
formed and confined according to the known geological
structures at surface and extrapolated to the depth. The
density of the individual bodies was set after exact data of
Ondra — Handk 1989.

As a next step, we tentatively changed the density pa-
rameters or/and modified local shape of bodies to obtain
the best fit of the curve. For an example, to compensate
narrow positive anomaly above the Klippen belt we in-
serted a slice of lighter sediments (Oligocene Malcov
beds and/or Neogene sands and clays?) vertically stacked
on the northern confinement of the Pro¢ flysch (Klippen
belt s.1.).

Discussion

The deep structure of the contact of Carpathians with
their foreland is reflected in the geophysical fields. Es-
pecially enigmatic is the discontinuity of Moho as
marked by Berdnek — Zounkova 1979, versus Tomek et
al. 1989). The Berdneks interpretations of DSS meas-
urements emphasize velocity characteristics in the hori-
zontal direction (refraction wave). On the other hand,
the method of CDP yields generally the vertical direc-
tion velocities. Thus, we may expect that the anisotropic
structures in the deep may furnish different apparent
values. We may imagine the anisotropic layered me-
dium in vertical position, where the record of the first
refracted wave (DSS) will behave different, in compari-
son to refraction seismics (CDP). The gravity modelling

is independent of the media anisotropy and eliminates
such misinterpretations.

Conclusion

The interpreted gravity profile 1gm in the East Slova-
kia is one of the three in this area. It is in southern prolon-
gation of the Polish magnetotelluric cross—section Nr. 16
(Stefaniuk, Klityfski 2000). As such, it is of high impor-
tance as it crosses the enigmatic zone of the Wieses zero
vector line, and it passes on its southern end through the
Klippen belt to the Inner Carpathians. We present here a
geological interpretation of the first gravity model along
measured line. From the chosen model the gravity inver-
sion implies to depth — Magura sediments are denser than
masses of the lower, Obidowa, Dukla and Krosno units.
The Moho — layer is inclined to the north, being thus the
general cause of the north dipping gravity gradient.
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