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Geophysical features of the Slovak Western Carpathians: a review
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The article reviews the important results of the geophysical research in the Slovak Western Carpathians. As the Slovak Western Carpathians
has been a target of intensive detailed gravimetric measurements for the last 20 years, an emphasis is given to the interpretation of gravity
field. Analysis of the Bouguer gravity anomalies comes from density modelling in local isostatic equilibrium and 2 1/2 D forward density
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modelling. The results of density modelling together with other geophysical data were used for geological and geophysical interpretation
of the lithospheric structure and its tectonics in the Slovak Western Carpathians. Rheology of the lithosphere based on extrapolation of failure
criteria, lithology and temperature models is presented. Finally, the obtained results are discussed.
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INTRODUCTION

The Western Carpathians are located in the Central Eu-
rope. They are characterized by relatively high average elev-
ation (1200 m) and lie within the territories of four countries:
Sltovakia, Czech, Poland and Hungary. The Western Carpa-
thian arc and the surrounding tectonic units: Bohemian Mas-
sif, European Platform, Pannonian Basin, Eastern Alps and
Eastern Carpathians offer good opportunity to study continent
collisional and extensional tectonics. The fundamental feature
of the Western Carpathians (Fig. 1) is their nappe structure
(O.Fusédn et al., 1987; A. Biely et al., 1996). Rock complexes
range from the Precambrian to Tertiary.

The Western Carpathians are divided into the externides
(formerly called the outer Western Carpathians) and inter-
nides (formerly called the inner Western Carpathians). The
externides represent the palaeo-Alpine and meso-Alpine con-
solidated part of the orogene. It is generally divided into the
Variscan basement nappes and Mesozoic superficial ones.
The externides are formed by the neo-Alpine accretionary
prism of the flysch nappes thrust over the foredeep that covers
the flanks of the European Platform (D. Andrusov, 1968; M.
Kovad et al., 1998).

Between the externides and internides the Pieniny Klippen
Belt is located. The Pieniny Klippen Belt is one of the most

complicated geological units in the Western Carpathians.
Shortening of this zone was large and it was folded at least
twice (in Upper Cretaceous and Tertiary). The result of this
process is that the basement was entirely destroyed and sub-
ducted by continental collision. At present, the width of the
Pieniny Klippen Belt is only several kilometers. Maximum
width is about 20 km.

The goal of this paper is to give an overview of the regional
geophysical data and to attempt to collect the most recent
interpretation of gravity data and complitions. For that pur-
pose results of 2 1/2 D gravity modelling, interpretation of all
recent geophysical data, geological interpretation of the Ii-
thosphere structure and geodynamics, and rheology of the
lithosphere in the Slovak part of the Western Carpathians are
presented.

GEOPHYSICAL DATA

The Western Carpathians in Slovakia have been covered
by extensive geophysical surveys. In the former Czechoslo-
vakia, investigations of the deep structure of the upper lithos-
phere including Moho discontinuity started in 1962 (for
summary see J. Sefara er al., 1987; L. Ibrmajer et al., 1994aq;
V. Bucha, M. BliZkovsky, 1994).
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Fig. 1. Tectonic sketch of the Slovak part of the Western Carpathians (after A. Biely et al., 1996)

Thick lines mark the locations of the cross-sections along which interpretation of the lithospheric structure made

SEISMIC REFRACTION MEASUREMENTS

The first seismic measurements (M. Mayerovd et al.,
1994) to study the crust of the Western Carpathians were
carried out along two international profiles designated by
roman numbers V and VI (Fig. 2). They were followed by
experiments along regional profiles KI, KII, KIII, 100R, 100B
and F/75 (Fig. 2). These geophysical measurements provided
the general velocity structure of the crust. The upper crust in
the Slovak Western Carpathians is characterized by increased
vertical gradient of velocity (Fig. 3). In the central part of the
crust the low velocity channel can be observed. In the lower
crust another zone of increased gradient of velocities was
found. M. Mayerovd et al. (1994) suggest that this zone is
probably associated with the transition zone in the lower part
of the crust. It may be noted that the Moho does not form a
sharp boundary but rather a transient zone up to several
kilometres thick (Figs. 3, 4). The course of the Moho is
relatively complex and a group of layers exhibiting high a low
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Fig. 2. Locations of DSS profiles in Slovakia

Thin lines represent national profiles and thick lines international profiles
(modified after V. Bucha, M. BliZkovsky, 1994)
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Fig. 3. Effective velocities pattern in KIII section (modified after V. Bucha, M. Blizkovsky, 1994)

Velocities are in kms™"

velocities form a lamellar character of the Moho disconti-
nuity.

SEISMIC REFLECTION MEASUREMENTS

Deep seismic reflection sounding has brought a new in-
sight into the understanding of the evolution the Western
Carpathian lithosphere (for summary see 1. Ibrmajer et al.,
1994a, b). The transect 2T proved the nappe structures of the
Western Carpathians (Figs. 5, 6). The ideal geological model
(Fig. 6) clearly showed two different segments of the Carpa-
thian crust with different periods of a final deformation.

In the north (10 km on profile 2T/83, 84) the palaecosub-
duction zone occurs with an accretion complex of the Krosno
flysch formation tilted, after bending, at an angle of 40°. Then,
there are the frontal inner-Magura imbrications and back-
thrusts tilted at an angle of 30—40° on the Orava—Magura
nappe, the Pieniny Klippen Belt, the Tatricum with the tec-
tonic envelope of the sub-Tatric nappes, and the sedimentary
cover of the central-Carpathian Paleogene. The northernmost
overthrust at NE Orava are already covered by the Orava
Basin of a probably Badenian to Sarmatian age (I. Ibrmajer et
al., 1994b).

In the southern half of the profile (from 10 km on partial
section 2T/85) reflection segments dipping at angles of 20—
30° to SSE predominate. Beneath the Veporicum they form a
20-30 km thick collision suture of the Carpathian Cretaceous
orogene. As Veporicum and Gemericum have not been mar-
kedly affected by later deformation movements, the Mesozoic
collision suture is well preserved in the time section.

The thrust of the Veporicum over Tatricum along the
Certovica fault and the root the KriZna nappe in the North
Vaporicum can be observed (é. Tomek et al., 1987, 1989).
Gemericum covers the collisional complex of the Veporicum
and Tatricum. The Veporicum was interpreted as an Upper
Cretaceous whole-crust collisional suture. The whole crust
flexure of the lower European plate was explained as a result
of subduction movements when passive continental margin
of the Krosno sea was subducted beneath the Carpatho-Pan-
nonian plate (C. Tomek, 1993). Beneath the area between
Pilsko and Chabenec (1. Ibrmajer et al., 1994b), the reflection
elements in the upper plate consisting of the Magura—Pieniny
complex (Magura—Rhenodanubian flysch — in the sense of
C. Tomek, 1993 and P. Szafidn, 1999) and the Inner Carpa-
thians probably correspond to the phenomena which origin-
ated prior to the subduction although the elements in some
imbricated backthrusts could have originated during the sub-
duction.
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Fig. 4. Courses of seismic boundaries including the Moho discontinuity along of the profile KII (modified after V. Bucha, M. Blizkovsky, 1994)
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Fig. 5. Selected reflections along deep reflection seismic transect 2T (C. Tomek et al., 1987, 1989)
SEISMICITY CRUSTAL STRUCTURE

Earthquake activity in the Western Carpathians in Slova- Previous data on the Moho discontinuity obtained along

kia is determined by its geological history and tectonics. The
latest version of the map of earthquake epicentres in Slovakia
and its surroundings (P. Labdk, F. Broudek, 1996) indicates
that the most seismically active unit is the belt stretching
rouhgly along the Pieniny Klippen Belt. As a rule the earth-
quake foci occur within the upper part of the crust, i.e. at
depths smaller than 15 km, except for the area in the central

the international and regional profiles and by industrial explo-
sions were reinterpreted for the territory of the Slovak West-
ern Carpathians taking into account the results of deep seismic
profiles with extended recording time. Map of the Moho depth
in the Western Carpathians and surrounding regions (Fig. 7)
was modified after E. Horvéth (1993), J. Sefara (1993) and J.
Sefara et al. (1996).

The Western Carpathians in Slovakia (C. Tomek et al.,

part of Slovakia where this depth is probably in order of 20
1987, 1989) are characterized by normal crustal thickness of

km (D. Prochdzkovd et al., 1994).
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Fig. 6. Geological interpretation of the 2T deep reflection seismic transect (modified after C. Tomek et al., 1989; P. Szafi4n, 1999)

[, 2 — Jower and upper crust of the subducted European Foreland (Bohemian Massif); 3 — subduction accretion complex of the Krosno sea (in the sense of I.
Ibrmajer et al., 1994b) and/or Moldavian Flysch wedge (in the sense of C. Tomek, 1993 and P. Szafian et al., 1997), and/or Gribowska unit or Silesian unit (M.
Potfaj, pers. com.); 4 — Inner Magura-Pieniny subduction accretion complex (in the sense of L. Ibrmajer et al., 1994b) and/or Magura-Rhenodanubian Flysch
(in the sense of C. Tomek, 1993 and P. Szafidn et al., 1997); 5 — Pieniny Klippen Belt; 6 — crust of the Tatricum; 7 — crystalline complexes of the Tatricum,;
8 — Mesozoic nappes of the North Pannonian unit; 9 — crystalline complexes of the Veporicum; 10 — granitoid rocks of the Veporicum; 11 — Palaeozoic
rocks of the Gemericum; 12 — Mesozoic rocks of the Gemericum; 13 — crystalline rocks of the southern Veporicum; 14 — lower crust of the Veporicum and
Gemericum; 15 — Central Carpathian Paleogene; 16 — Neogene fill of the Pannonian Basin
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30-36 km and by the formation of new Moho after the
cessation of subduction beneath the Carpathian orogen. In the
Bohemian Massif region the crustal thickness reaches about
32.5 km. Very thick crust can be observed in the Teisseyre-
Tornquist Zone (A. Guterch et al., 1984, 1986). The thick
crust is, therefore, a Palaeozoic feature inherited from the
collision between the European plate (Avalonia) and the
Ukrainian Platform (Laurussia) (L. Lenkey et al., 1998). In
the Pannonian Basin the Moho undulates around 25 km and
after the newest results along the PGT-1 line (K. Posgay et
al., 1995, 1996) it steeply rises to less than 22 km depth
beneath the Békés Basin.

LITHOSPHERIC THICKNESS

The fundamental lithospheric thickness data come from
seismic observations, magnetotelluric sounding and geother-
mal measurements. V. Babuska et al. (1987) calculated the
first model of the lithospheric thickness in the Carpatho-Pan-
nonian region. This map was later completed by magnetotel-
luric sounding data (O. Praus et al., 1990; V. Babuska et al.,
1994). W. Spakman et al. (1993) applied a 3D model to
project the velocity of seismic waves.

The lithospheric map in Figure 8 is modified according to
F. Horvith (1993). The Western Carpathians are located over
the zone of gradual increase of the lithospheric thickness from
the Pannonian Basin to European Platform. The lithospheric
thicknessis 50-60 km beneath the Pannonian Basin. The rigid
and older European Platform in Poland is characterized by

Fig.7. Crustal thickness map of the Western Carpathians and the surrounding
territories (modified according to F. Horv4th, 1993; J. Sefara et al., 1996)

The thickness is given in kilometres; simplified geological-tectonic map
showing the outer molasse (circles), Outer Carpathian Flysch (dots), Pieniny
Klippen Belt (vertical lines), pre-Necogene units (oblique tines); Neogene
basins including neovolcanites and the units of the Alpine-Carpathian Fore-
land are not distinguished

Fig. 8. Contour of the lithosphere-asthenosphere boundary in the Western
Carpathians and their vicinity (after F. Horvdth, 1993; J. Sefara er al., 1996)

Regions of dashed lines have considerable uncertainty in determination of the
lithospheric thickness; other explanations — see Fig. 7

thicker lithosphere (140-180 km). The thickness of the lithos-
phere beneath the Bohemian Massif varies from about 120 to
140 km.

HEAT FLOW

In spite of that the error bars of the surface heat flow
density measurements are relatively large and heat distribu-
tion and thermal conductivity are usually not well known they
are very valuable geophysical parameters for study of geody-
namics of the lithosphere.

The map of heat flow density distribution in Slovakia (Fig.
9 after J. Sefara et al., 1996) was based on results by J. Jan&{
(1994 — not published), and in surrounding areas by V.
Cermak et al. (1992). The general increase of the heat flow
density in direction from the European Platform via the exter-
nides of the Western Carpathians towards the inner tectonic
units of this mountain belt and the Pannonian Basin is domi-
nant feature in the whole map. The heat flow in the European
Platform and the externides is only 40-60 me_Z, but it
attains over 100 mWm™2 in the Eastern Slovakian Basin and
Pannonian Basin. The central Slovakian Neovolcanics are
also characterized by high heat flow (about 100 me"Z).

GEOMAGNETIC AND PALAEOMAGNETIC FIELDS

Geomagnetic anomalies compiled from the results of
ground and aerial magnetic mapping (M. Filo, P. Kubeg,
1994) demonstrate that the highest magnetic field can be
observed over the neovolcanic zones. The interpretation of
geomagnetic anomaly confirmed the existence of a striking
magnetized zone at southern margin of the central Western
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Fig. 9. Map of the heat flow density distribution in the Western Carpathians
and the surrounding territories (modified according to V. Cermék et al., 1992;
J. Janéi, 1994 — not published)

For explanations — see Fig. 7

Carpathians which represents its contact with the Pannonian
block (M. Filo, P. Kubes, op. cit.).

The palacomagnetic research in Slovakia showed the dif-
ferent rotation of particular geological units of the Western
Carpathians. More detailed palacomagnetic results in the

Slovak part of the Carpathian belt were published by P. Muska
(19944, b), M. Krs (1994) and M. Kovac€ et al. (1998).

GRAVITY DATA

The Western Carpathians in Slovakia have been a target
of intensive detailed gravimetric measurements (scale
1:25,000) for the last 20 years. Almost the whole territory of
Slovakia is covered by this new mapping (J. Sefara et al,
1987; 1. Ibrmajer et al., 1994a; M. Blizkovsky et al., 1994)
with density of measurements about 4-6 points per km” and
accuracy of measurements from 0.01 to 0.1 mGal.

In Figure 10 the sketch of the Bouguer gravity anomaly
map in Slovakia (after J. Sefara et al. in: I. Ybrmajer et al.,
1994a) is presented. The long-wavelength anomalies essen-
tially form two continuous zones. The zone of negative grav-
ity anomalies extends along the arc of the mountain belt and
includes: Carpathian Foredeep, outer Flysch Belt, the Pieniny
Klippen Belt and the northern part of the central Western
Carpathians. The zone of positive anomalies includes mainly
the southern and eastern territory of Slovakia. Constructed
stripped gravity map (M. Bielik, 1988, 1991) — map of
Bouguer gravity anomaly corrected for gravity effect of the
sedimentary cover — showed increased differences between
both zones and proved this relationship.
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Fig. 10. Sketch of the Bouguer anomaly map of Slovakia (after I. Ibrmajer et al., 19%4a)

1 — less than —40 mGal; 2 — from —40 to —20 mGal; 3 — from —20 to —10 mGal; 4 — from -10 to 10 mGal; 5 — from 10 to 20 mGal; 6 — more than 20
mGal



Geophysical features of the Slovak Western Carpathians 257

sw () Topography Effect NNE
120
60 4
g ° /\
E
-60
120 - prey
opogral g
. (-2.47) (zfjl e 262
) Neogene Secimentis (-0 20) | Flysch and Faredeep
sediments (-0 05)
4
£ 6
] Crust (0)
8 4
0 . . - v -
-100 -50 0 50 100 150 200 250 300 350
Km
sw (b) Crustal Effect NNE
120
_ &0
o
-60
-120
o
Crust (0)
50 1
100
& Mantie (0.30)
150 1
200 1
250 r r v .
-100 -50 0 50 100 150 200 250 300 350
Km

&0 1 Free alr
E pePrrrCOL Ty o)
—

sw (c) Asthenospheric effect NNE
120
60 1
§ o
40
-120
0
e Crust (0)
50 1
100 T Lower Lithosphere (0)
&
150 -
Asthenosphere (-0.03)
200 A
260 ™ T T T T T T T g
-100 -50 0 50 100 150 200 250 300 350
Km
sw (d) Free Alr and Bouguer anomalies NNE

120
Bouguer

60 3 Observed =+
-120

Flysch and Faredeep Sediments (-0.05)
Crust (0)

Neogene Sediments {-0.20)

==

"-L Lower Lithosphere (0.30)
&

Asthenosphere (0.27)

250 T T T T T T —— T
-109 -50 a 50 100 150 200 250 300 350

Fig. 11. Model in local isostatic equilibrium (after M. Bielik, 1998) showing gravity contributions from different level

The anomaly due to the topography (a), crustal thickness (b) and the lithosphere-asthenosphere boundary gc); free air gravity anomaly (d) calculated by summing

the three components; for this model a Bouguer reduction densities of =2.67 gem™ for crust, —2.47 gem™

for Neogene sediments, —2.62 gcm ™ for outer flysch

and molasse sediments remove the effect of topography, resulting in a Bouguer anomaly which is similar to the observed Bouguer anomaly in the studied area;

the depth of compensation is 250 km; density contrasts are in gcm™

LOCAL ISOSTASY

Available tool for a study and analysis of observed gravity
anomalies is a calculation of a simple density models in local
isostatic equilibrium (R.J. Lillie ez al., 1994; M. Bielik, 1998;
M. Bielik et al., 1995, 1998). This approach also provides a
possibility to calculate the contributions of these main anom-
alous zones to the free-air and Bouguer anomalies. Density
models take into consideration topography, gravity and den-
sity data together with thickness of the main anomalous layers
in the lithosphere. Mostly they are represented by young
sediments, mantle part of the lithosphere and asthenosphere.

On the basis of density modelling in local isostatic equili-
brium the density contrast between asthenosphere and lower
lithosphere of —0.03 gcm_3 for the Alpine-Carpathian—Pan-
nonian region was determined (R. J. Lillie et al., 1994). This
density contrast results in local isostasy for approximately 9
km shallowing of the Moho and 60 km shallowing of the
lithosphere-asthenosphere boundary in the Pannonian region
against the Alpine-Carpathian mountain belt.

Density modelling in local isostasy was carried out along
profile KP-X (M. Bielik, 1998). This profile is passing
throughimportant area of the Western and Eastern Carpathian
junction (Fig. 1). Four anomalous bodies and their density
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contrasts (Fig. 11) relative to “typical crust” (after R. J. Lillie
et al., 1994) are considered: (1) Neogene sediments of the
East Slovakian Basin and the Pannonian Basin (-0.20 gcm_a);
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Fig. 12. Two-dimensional density model of the lithosphere along the transect
2T (according to M. Bielik, 1995b6)

Density contrasts are in gcm‘3
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Fig. 13. Two-dimensional density model of the lithosphere along the transect
KP-X

1 — Neogene sediments; 2 — Carpathian Flysch Belt and molasse foredeep
sediments; 3 — Pieniny Klippen Belt; 4 — Mesozoic of the Humenské Vrchy
Upland; 5 — Neogene volcanics; 6 — high-density anomalous body; 7 —
Carpgtho—Pannonian plate; 8 — European platform; density conlrasts are in
gem

(2) flysch and foredeep sediments of the Carpathian Foreland
(-0.05gcm™ ) 3) mantlepart ofthellthosphere (0.30 gem™ )
(4) asthenosphere (0.27 gcm )

Density contrasts for topographics relief re]atlve to air are
as follows: —2.67 gcm™ for crust, —2.47 gecm 3 for Neogene
sediments, and —2.62 gcm™ 3 for flysch and molasse sediments.
The three mean topographic data are: (1) 0.2 km for the East
Slovakian Basin and the Pannonian Basin; (2) 0.6 km for the
contact zone between the externides and internides of the
Western Carpathians (Carpathian collisionregion); (3) 0.4 km
for theregion of the Outer Carpathian Flysch Belt and molasse
foredeep. The reference level for local isostatic equilibrium is
at 250 km depth.

The above density contrasts between crust and upper
mantle and lower lithosphere and asthenosphere result in
isostatic equilibrium (Fig. 11d) for an approximately 10 km
deeping of Moho (Fig. 11b) and about 70 km deeping of the
lithosphere-asthenosphere boundary from the Pannonian
Basin to the European Platform (Fig. 11c). Contribution of the
Moho (Fig. 11b) is not fully compensated by the sediments
and its topography (Fig. 11a). The compensation is about a

half. For the second part of compensation it is necessary to
take into account the gravity effect of the lithosphere-asthe-
nosphere boundary (Fig. 11c). The resulting free-air and
Bouguer anomalies are composed of added of gravity effects
of all anomalous zones. It follows from the analysis that in
spite of rough approximation of the crustal and lithospheric
geometry the calculated Bouguer anomaly fits relatively well
with the observed gravity effect.

INTERPRETATION OF THE WESTERN
CARPATHIAN LITHOSPHERE

For a perspective of the current structure of the lithosphere
in the Slovak part of the Western Carpathians two lithospheric
density models (Figs. 12, 13) were calculated along deep
reflection seismic transect 2T (M. Bielik, 1995b) and KP-X
(M. Bielik, 1998). The transect 2T crosses the central part of
the Western Carpathians (Fig. 1). The initial structural density
models were constructed on the basis of published geophysi-
cal and geological data. The principal geophysical methods
which were used are: refraction and reflection seismic profil-
ing, gravimetry, magnetometry, magnetotellurics, geotermics
and boreholes. The trial and error method and 2 1/2 D foward
gravity modelling, using the GM-SYS set of programms were
applied for calculation of density models.

The results of density modelling were used for interpreta-
tion of other geophysical data (V. Bezdk et al., 1997;1J. Sefara
et al., 1996). The chosen results include geophysical model
along profile KP-X (Fig. 14), which illustrates density and
magnetic boundaries, low resistivity and low velocity zones
interpreted from seismic and magnetotelluric soundings, cal-
culated Curie isograde (575°C), upper-lower crustal boundary
and lithosphere-asthenosphere boundary. The geological in-
terpretation of the lithosphere structure and its kinematics (J.
Sefara et al., 1996; V. Bezék et al., 1997) are presented on
Figure 15.

In the last years a study of rheology of the lithosphere in
the Western Carpathians has brought a new insight into the
mechanical properties of the continental lithosphere (M.
Bielik, 1995a; P. Krzywiec, P. Jochym, 1997; A. C. Lank-
reijer, 1998; A. Lankreijer et al., in print). Based on extrapo-
lation of failure criteria, lithology and temperature models the
rheology of the lithosphere for several sections through the
Western Carpathians and surrounding regions was predicted
(A. Lankreijer et al., in print). Selected results presented in
this paper will show rheological cross-section along transect
2T (Fig. 16).

RESULTS AND DISCUSSION

The results demonstrate that the present day structure of
the lithosphere in the Slovak part of the Western Carpathians
is a result of the continental collision between European and
Carpatho-Pannonian plates. Density modelling indicates the
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Fig. 14. Geophysical model of the lithosphere along the transect KP-X (modified according to V. Bezdk et al., 1997)

1 — density boundaries (numbers — absolute densities in gcm‘z); 2 — magnetic

bodies (units are in 107 S1); 3 —low resistivity layers from magnetotelluric

Curie isograde (575°C); PKB — Pieniny Klippen Belt; LAB — lithosphere-asthenosphere

boundary (modified after V. Babuska er al., 1987; F. Horvith, 1993); ULCB — upper-lower crust boundary; vertical and horizontal scales are the same

crustal slab-like structure under the Western and Eastern
Carpathian junction area dipping beneath the overthrusted
plate. The existence of the crustal slab in the central part of
the Western Carpathians is questionable. P. Szafidn et al.

NE | SSW

(1997) suggest that the subducted slab in this region has been
detached and sunk into the deeper asthenophere or has been
heated up and largely assimilated to the surrounding asthenos-
phere. On the other hand an expressionless slab of crust can
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Fig. 15. Geological model of the lithosphere along the transect KP-X (modified according to V. Bezik et al., 1997)

3, 5—remnants of proposed sutures: 3 — Jurassic, S — Tertiary sediments of peri-Carpathian basin; 1 — updoming; 2 — Mesozoic; 4: a — Neogene, b —

neovolcanics
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Fig. 16. Rheological cross-section along the transect 2T (after A. Lankreijer ef al., in print)

Yield-strength contour plot for compressional deformation, at a strainrate of € = 10~

al., 1995) is indicated by light grey and black dots, respectively

be modelled (Fig. 12). It is very probable that during initial
stage of subduction the slab submerged into the deeper parts
of the lower lithosphere and asthenosphere. During subduc-
tion the slab in oceanic form resulted in melting of andesite
magma at a depth of about 150 km. It is speculated that
modelled crustal slab would be a remnant after breaking and
submerging of the subducted plate. The margin of the Euro-
pean basement bends down into the Carpathian subduction
system. This result is in accordance with deep seismic reflec-
tion profiling. Probably, due to the rollback effect the slope
of the underthrusted lower European Platform is very steep.

The high-density anomalous bodies were necessary to
interpret within the lower crust in the Danube Basin and the
East Slovakian Basin, where they were also found out by
magnetic modelling (P. Kube§, 1997 — not published). The
anomalous body in the East Slovakian Basin correlates with
so-called Inaovce—Krichevo unit defined by J. Sotdk et al.
(1995). L. Pospiil (1980) explained these anomalous bodies
by a suture associated with basic and ultrabasic rocks and/or
adiapiric intrusion of the upper mantle material into the lower
crust. J. Sotdk (in: M. Bielik et al., 1998) suggests that it could
represent a detached part of an older and shallower subducted
plate, when its higher crustal position is a result of the tectonic
exhumation and extensional unroofing. Similar geodynamic
scenario was suggested by C. Tomek et al. (1997) for the
Danube Basin.

In the Slovak Western Carpathians the remnants of suture
zones were also interpreted (V. Bezdk et al., 1997). In gener-
aly, five remnants of sutures were interpreted: Palaco-Hercy-
nian, Neo-Hercynian, Jurassic (Meliata), Cretaceous (Tatric
or Pieninic) and Tertiary.

For the Western Carpathians (Fig. 15) a general decrease
in strenght from the Polish Foreland arc via the Western

135-!: Moho and lithosphere-asthenosphere boundary (after M. Bielik es

Carpathians towards the Pannonian Basin is predicted. In the
Polish Foreland area mechanically strong behaviour is pre-
dicted for the upper part of the upper crust, the uppermost
parts of the lower crust and mantle. The weak lower part of
the upper crust is predicted as the most obvious detachment
level. In the Western Carpathians lower crustal strenght com-
pletely disappears as a results of the crustal thickening and
increased crustal temperatures. The lithospheric strength
gradually decreases towards SE along this profile. This is a
result of the increasing temperatures and decrease of the
(thermaly defined) lithospheric thickness. The Pannonian rhe-
ological structure is characterized by one relatively thin strong
layer in the uppermost 10-15 km of the crust and complete
absence of strength in the lower crust and lower lithosphere.
The extreme weakness of the lithosphere is a direct result of
the high heat flow density and extremely shallow asthenos-
phere in the Pannonian Basin (A. Lankreijer et al., in print).

The results also indicate that the Western Carpathians are
very complicated geological area in which interaction of
compression, strike-slip and extension can be observed. Im-
mediately after cessation of subduction processes intensive
processes of transpression started. These transpressional pro-
cesses result in significant relocation of the crustal fragments
of different palacotectonic units. In the last stage of evolution
this interplay led to the extensional processes in hinterland
accompanied by tectonic exhumation of high-density and
magnetic anomalous masses into the lower crust,
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PRZEGLAD DANYCH GEOFIZYCZNYCH W SLOWACKIEJ CZESCI KARPAT ZACHODNICH

Streszczenie

Praca poswigcona jest podsumowaniu istotnych wynik6éw badan geofi-
zycznych stowackich Karpat Zachodnich. Obszar ten byl przedmiotem inten-
sywnych, szczeg6towych pomiar6w grawimetrycznych w ostatnich 20
latach, stad w artykule potozono nacisk na interpretacj¢ p6l grawitacyjnych.
Analiza anomalii Bouguera zostala wykonana na podstawie modelowania
gestosci w warunkach lokalnej réwnowagi izostatycznej oraz na progresyw-

nym modelowaniu gestosci 2 1/2 D. Wyniki modelowania ggstosci wraz z
innymi danymi geofizycznymi, w tym gtéwnie sejsmicznymi, sa punktem
wyjécia do geologicznej i geofizycznej interpretacii struktury litosfery na
analizowanym obszarze. Przedyskutowano ponadto zagadnienia reologii li-
tosfery na podstawie ekstrapolacji kryteriéw zniszczenia, litologii i modeli
termicznych.



