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Abstract: Geomagnetic maps of former Czechoslovakia and Poland and the recently compiled aeromagnetic map of Aus-
tria reveal significant magnetic anomalies in the area of the Northern Calcareous Alps and in the North Alpine Foredeep,
in the region of the Vienna Basin and in the Western Carpathian Foredeep as well as in the Western Carpathian Flysch.
From regional point of view the set of anomalies might be regarded as a slightly sagged belt extending for about 700 km,
from Innsbruck to Krakéw. Magnetic modelling in association with geophysical and geological evidence imply that this
belt is an old basement (Protero-Europe?) conserved between the Hercynian consolidated Bohemian Massif and Alpine-
Carpathian zone. Rocks representing the remnants of a North Penninic oceanic crust (especially in the western part of
the belt) are considered to be a source of some anomalous structures.
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Introduction

The existence of large magnetic anomalies in the central part of
former Czechoslovakia (eastern Moravia) has been pointed out
in the aeromagnetic map of Czechoslovakia by Man (1968).
Striking anomalous structures in the Beskydy mountains of
southern Poland were drawn in the map of vertical component
by Karaczun & Bilinska (1978). Locally they link with anomalies
in the Moravo-Silesian and Slovak Beskydy mountains. The con-
tinuation of magnetic anomalies from southern Moravia to
Lower Austria has been revealed by the pioneer works of the
1940’s, carried out in the course of intensive oil prospection in
the Vienna Basin (Biirgl & Kunz 1954). The distinctive Berch-
tesgaden (magnetic) anomaly west of the city of Salzburg was
first found, investigated and analyzed by Gaenger (1954).

The links between anomalies in central Austria and those of Cze-
choslovakia and southern Poland are shown best in the acromag-
netic map of Austria compiled by Seiberl & Gutdeutsch (1987),
published by Heinz & Seiberl (1990a) and Seiberl (1991). These
anomalous magnetic structures are regarded as an expression of
a fairly continuous belt of geological complexes extending from
Innsbruck to the area of Krakéw. The main part of this belt lies
within Austria (60 %), 25 % in former Czechoslovakia and 15 % in
Poland. There are distinct indications for a split of this belt into
a northern and southern branch which commences in eastern cen-
tral Slovakia (Heinz 1992). It is proposed that this extensive feature
should be called the “Central European (Alpine-Carpathian) belt
of magneticanomalies”, the first complete geological interpretation
of which is presented here.

Characteristics of the Central European Belt of
magnetic anomalies

The width of the belt ranges from 50 to 120 km. In its west-

ernmost section it covers an area extending from Innsbruck to -

Steyr (Upper Austria) where it is most continuous. The well
known Berchtesgaden anomaly (Gaenger 1954) dominates the
pattern in this area with an amplitude of more than 100 nT.
Along a line Mittersill-Eisenerz (see PI. 1) there are several in-
tensive superposed magnetic anomalies; an anomaly group lo-
cated south of Liezen (Styria) has amplitudes of more than 500
nT (Heinz & Hubl 1988). All of those local magnetic structures
have been called "marginal type” anomalies as they generally
accompany the northern margins of the Austroalpine crystalline
complex (Heinz 1989). Further to the northeast - between Steyr
and the northeastern environs of Vienna - the amplitudes of the
anomalies become much lower, about one third or even half, the
amplitudes of those in its western part. This is not the only one
difference as the width of the belt in this area is much smaller;
its axis turns slightly into a more southwest - northeasterly direc-
tion. In its southern part only a few “marginal type” (sensu
Heinz 1989) anomalies have been observed; but its northern
part is disturbed by several magnetic structures characterized by
high amplitudes and gradients. Whereas the western group of
those anomalies is definitely due to relatively shallow sources
within the Bohemian Massif (e.g. serpentinites associated with
granulites or amphibolites, cf. Wieseneder et al. 1976), the in-
terpretation of the remarkable anomalies along the eastern mar-
gin of the Bohemian Massif is still disputable ("Dunkelstein-
Moldanubian Belt” in PI. 1).

The central section of the belt of anomalies, from Mistel-
bach/Zaya (Lower Austria) to Zlfn, contains the most intensive
magnetic anomalies with amplitudes of even S00nT. The general
SW - NE trend does not change, but some structures extend in
different directions: e.g. near Brno ( N - S, NNW - SSE) or in
the surroundings of Zlin (W - E). The southwestern margin of
the belt is characterized SW of Brno by numerous superposed
anomalies of surface or near-surface sources of the Moldanu-
bian and Moravian unit. The generalized picture of this compli-
cated pattern of anomalies in derived aeromagnetic maps, e.g.
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Fig. 1. Extension of the source rocks of the Central European belt of magnetic anomalies - western part.
Dashed line: sources which are definitely due to rocks of the Bohemian Massif.g. 1.

in the analytical upward continuation up to 1000 m above
ground (Dé&d4dtek et al. 1990), and indicates a prevailing W -
E and SW - NE orientation of anomalies associated with deeper
sources.

The easternmost part of the belt, in northeastern Moravia
(Czech Republic) and southern Poland (Beskydy”, i.. the area
between Zlin and Nowy Sacz, SE of Krakéw), is characterized
by anomalies with amplitudes of 100 - 150 n'T"’ mostly extending
W - E and WSW - ENE. North of the High Tatras Mts., this
trend is interrupted by a transversely oriented anomaly attaining
amplitudes of more than 200 n'T.

Delimitation of the anomaly sources

The parameters of the magnetic anomalies forming the belt
in this study include information about the areal extense of the
sources (Figs.1 and 2), so a more detailed quantitative interpre-
tation may yield data on the vertical distribution of magnetically
anomalous complexes in the geological section.

"The normal field of the map of Zanomalies for Poland differs consid-
erably from those of the maps for Austria and former CSFR, that is,
approx. 120 nT. In this study we regard magnitudes of anomalies in
Poland as decreased by this value for linking together the maps of
anomalous fields of all three countries.

The western, mostly Austrian part of the belt between Inns-
bruck and Vienna indicates the southern margin of the sources
which is generally south of the Northern Calcareous Alps and
the Northern Greywacke Zone. The rocks inducing the mag-
netic anomalies occur beneath the entire Calcareous Alps, be-
neath the Flysch (and related units north of it) and beneath large
parts of the Molasse Foredeep (Rosenheim - Vienna). In agree-
ment with Bleil & Pohl (1976) the source of this part of the belt
is located at the position according to Fig. 3.

The southeastern margin of the Bohemian Massif is accom-
panied by a few magnetic structures which remarkably resemble
the marginal type anomalies (sensu Heinz 1989) with their
limited extension, high gradients and amplitudes. This associ-
ation of anomalies is depicted in Plate 1 as “Dunkelstein-Mol-
danubian Belt”.

In Moravia the belt attains a width of about 70 km. Its sources
are probably quite close to the surface, exceptionally can out-
crop. Man (in Blfzkovsky et al. 1986) interpreted the source of
the most distinctive anomaly in Moravia as a subhorizontal
slightly sagged body in a depth interval from 2 to 10 km. Bérta
& Deiifk (in Blzkovsky et al. 1986) delineated the sources in
Moravia within three depth intervals: 1.5 -3.5 km, 3 - 10 km and
13 to 20 (25) km.

The eastern Beskydy part of the belt suggests complex rock
sources mainly beneath the Cretaceous and Paleogene flysch
units of the Outer Western Carpathians, in the north beneath
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Plate 1: Magnetic (AT) anomalies of Southern Germany, Austria, Eastern Moravia (Czech Republic), Western Slovakia and Southern Poland;
simplified. Zero line: dotted; negative values: hatched. L TR
Note the similarities of the "Dunkelstein-Moldanubian Belt” and "marginal type” anomalies. Interpretation profiles marked (see Figs. 3, 4). 2.
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Fig. 2. Extension of the source rocks of the Central European belt of magnetic anomalies - eastern part.
Quadrangles: zones of high conductivities; arrows indicate the direction of dip.

the Miocene of the Western Carpathian Foredeep and in the
south beneath the Pieniny Klippen Belt. In these areas the width
of the anomaly belt ranges from 50 to 70 km. Models of the
Beskydy magletlc source bodies, reported here have been con-
structed by Sutora & Gnojek (originals in Gnojek & Kube§
1991). Two models have been offered (see Fig. 4):

1 - an inclined body, 4 to 6 km thick, with susceptibility values
correspondmg to intermediate or basic rock complexes, i.e. (25)
30-40x 10°S[;

2 - aslightly upward warped complex within the upper crust,
10 to 15 km thick; susceptibility: 15 x 10 3SL The top part of the
body is: 4 - 7 km below surface over the section but locally may
only be 1 - 4 km below surface.

Petrophysical characteristics

In the course of oil, gas and black coal prospection numerous
exploratory boreholes have been drilled mainly in the central part
of the anomaly belt. Many of these reached the crystalline base-
ment, especially in former Czechoslovakia but some also occur
within the Northern Calcareous Alps and the Vienna Basin.

Several boreholes in the Moravo-Silesian Beskydy Mts. re-
vealed intervals of clayey rocks of the Sub-Silesian, Silesian and
Magura flysch units, several hundreds or even more than thou-
sand meters m thickness, with effective susceptibilities from 0.3
to 0.45 x 10” SI. The calculated magnetic effect of such rocks
where thickest, i.e. near the Pieniny Klippen Belt (where they

arerooted), showed that they may generate magnetic anomalies
of max. 8 to 10 nT amplitude. In fact, they induce minor anom-
alous undulations in the area W of the Pieniny Klippen Belt (up
to 10 nT) as shown by DoleZal (1985) on the map of DZ mag-
netic anomalies for eastern Moravia. These undulations are also
observable W and NW of Zilina.

Similar magnetic susceptlbllltg values (0.3 to 0.8 x 10” SI),
with effective values of 0.5 x 10~ SI on average, were found in
drill cores of Early and Late Carboniferous silt- and claystone
series, but the thicknesses of the rock sequences are much smal-
ler than those of the flysch sequences mentioned above. The
calculated magnetic effect induced by the Carboniferous rocks
is negligible (2 or 3 nT).

Table 1: Representative susceptibility values from the Carpathians and
their Foredeep, after Uhmann (1973) and KadleXfk et al. (1983).

Rocks Suz;ellz)tlbélll;les
Miocene sediments of the Carpathian Foredeep 0.18
Paleogene and Cretaceous sediments of flysch units 0.21
Late Carboniferous sediments 0.25
Early Carboniferous sediments (Culm facies) 035
Devonian sediments (mainly carbonates) 0.11
crystalline basement 0.5-41
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Fig. 3. Section across the large scale magnetic structure S of Salzburg
(Austria), after Hiibl (1991). Location see P1. 1.

Model data: susceptibility: 0.0028 [SI], gradient x = 0, gradienty = 0,
inclination (rem.) = 89°, declination (rem.) = 1°.

Field data: inclination = 63°, declination = 1°, field strenght: 47. 214
nT. Direction of cross-section: 175°S. Full line - observed, dashed line
- calculated.

Recently, Ondra & Handk (1989) published susceptibility
values for a rather limited area (SneZnica Beds, Pieniny Klippen
Belt). They range from 0.5 to 1.1x 10 SI Neither these layers
nor any of the previously described sedimentary sequences are
able to induce magnetic anomalies of hundreds of n'T. Only thin
and rarely occurring lenses of pelosiderites have susceptibilities
from 0.1 to 3x 10” S and cannot act as even minor contributors
to the generation of an extensive belt of anomalies.

The anomalies in the area could be affected by volcanic rocks:
Diabase porphyrites of Devonian age were found in only one
borehole (Nftkovice 2, approximately 40 km E of Brno) be-
tween depths of 1130 and 1200 m, with susceptibilities excep-
tionally attaining 12.6 x 107 SI. Another local occurrence of dia-
bases intercalated into sediments of Late Carboniferous age,
was found in the borehole Celadnd SV-6 (approximately 30 km
S of Ostrava) between depths of 1300 and 1360 m, with suscep-
tibilities of only 0.4 x 10? SI units. Those rare manifestations of
Devonian and Carboniferous volcanism, though not quite ne-
gigible, obviously cannot substantially influence the magnetic
field in the area.

More important magnetic contributors are teschenitic volca-
nites occurring in the Cretaceous sediments of the Silesian
nappes in the Beskydy part of the belt in both former Czechos-
lovakia and Poland. They have been recorded from several bo-
reholes in northeastern Moravia at depths of about 940 m below
the surface, with maximum thicknesses of tens of meters. They
have also been studied recently in outcrops by Kudéldskovd
(1987) and Narebsky (1990). The effective magnetic suscepti-
bility measured on core samples of those rocks were as high as
70 x 10°SI units. There are the most probable sources of some
high amplitude anomalies with short wavelenghts in near sur-

Table 2: Representative susceptibility values from the area of the
Berchtesgaden anomaly. The sediments with magnetite represents
merely thinlayers which are not likely to produce anomalies of substan-
tial magnitudes.

R S
Limestones of the NCA 0.13-0.21
Dolomites of the NCA 0.17-0.30
Rhenodanubian flysch (maris) 0.13-0.18
Rhenodanubian flysch (sandstones) 0.12-0.15
i ts of the fi ee
fv?iuzx?gnc(:ifw :s z;a:uepfmction > 3.94-10.70(")

Table 3: Representative susceptibility mean values from Alpine meta-
morphites, volcanites and basites (partly according to: Weber et al.
1983). Additional values from selected rock types of the (South) Pen-
ninic Thuern Window have been published by Heinz & Pestal (1988).

Rocks Susceptibilities(x10°ST)

Austroalpine

orthogneisses 0.42-1.12

amphibolites 035-1.28

mica schists 0.6

paragneisses 0.4-05
Penninic system

marbles <0.1

sericite phyllites - ~1 )

serpentinites 36 - 40, up to 160

amphibolites 3-.32

greenschists 0.7

gabbro (3 occurrences only) 295
Volcanic sequences

Miocene (andesitic) 2-40

Pliocene (basalts) 12-22

face and surface occurrences only in the Cretaceous TeSfn-
HradiSte series of the Silesian nappes. The limited occurrences
at depths of several hundreds of meters are not likely to in-
fluence the surface magnetic field.

The susceptibilites of the crystalline basement, obtained from
borecore samples often range from 0.5 to 41 x 10 SI units. But
almost all of them were strongly weathered and the amount of drill
core material may not be fully representative. Nonetheless effective
susceptibilities of 10 to 25 x 10° SI units and in some exceptions 30
to 45 x 10° SI units suggest that the crystalline complexes are the
most like sources for the magnetic anomalies. They extend down to
approximately 20 km and are thus the most significant sources of
the belt in the Carpathian Foreland. According to the Geological
Atlas of the Western Carpathians and their foreland seven bo-
reholes reached the crystalline basement in the territory of Poland
(Poprawa & Nem&ok 1989), but no information is available about
geophysical parameters for this area.

As already mentioned the geological background of the west-
ern section of the magnetic belt is mainly represented by the
carbonatic masses of the Northern Calcareous Alps, by se-
dimentary sequences of the Rhenodanubian Flysch, the Hel-
vetic unit, as well as (partly) the Greywacke Zone and the Au-
stroalpine crystalline unit.
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Fig. 4. Interpretation profile 2 (location see P1. 1). The synoptic cross-section shows the magnetic sources (marked) of the Beskydy part of the
Central European belt of magnetic anomalies using geological and gravimentric/density data as well.

Geophysical indications (upper part): 1 - vertical component magnetic anomalies A Z; 2 - total vector magnetic anomalies AT (full line - measured,
dashed line - calculated from AZ values); 3 - Bouger gravity anomalies Ag; 4 - calculated effects of both magnetic and gravity models.

Crosses: crystalline complex between Variscides of the Bohemian Massif and the "Lower Carpathian Crust” - Brunovistulicum.

None of the outcropping rocks are likely to produce anomalies
of the magnitude and extension shown in P1. 1 or Figs. 1 and 2.

The source bodies for the “marginal type” of anomalies are
mainly due to ultrabasic and related rocks. These magnetic struc-
tures dominate both the interior of the Tauern Window and the
boundary between Austroalpine Crystalline and the northern units
(cf. Fig. 1). Some of the source rocks are exposed (within the Tauern
Window and SE of Liezen; Heinz & Hubl 1988; Heinz & Pestal
1988), or are located at very shallow depths (cf. Fig. 2 in Heinz
1989). The susceptibility values (Tab. 3) prove that solely rocks from
the (Southern) Penninic domain should be regarded as being
sources of the "marginal type” of magnetic anomalies.

Additional geophysical knowledge

Besides magnetometric data some gravity, seismic and geoe-
lectrical data can be used for structural studies. Interpreting the
Berchtesgaden magnetic anomaly across a SSW - NNE section
Bleil & Pohl (1976) drew attention to a partial positive gravity
anomaly (270 ms?) superimposed on the smooth deep Alpine
gravity low of about - 1500 ms south of the city of Salzburg, i.e.
in the area of the anomaly source. For the model of the magnetic
source body the differential density of 0.1 or 0.2 gcm'3 had been
applied and the actually measured gravity effect of 270 ms2had
been obtained. This coincidence of both gravity and magnetic
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effects gives strong evidence for the reliability of the geophysical
interpretation of the anomaly source in the Berchtesgaden area.

In the map of Bouguer anomalies for the Vienna Basin and
the both Czech and Slovak parts of the Outer Western Carpa-
thians where the gravity low attains -400 to -600 ms ™, no com-
parable partial positive anomalies are supcrlmposed to the
northern branch of the Carpathian gravity low. However in close
vicinity to the Outer Carpathian margin independent local grav-
ity elevations are observable with amplitudes of 150 to 250 ms™
They belong to a belt of gravity anomalies which is 80 to 100 km
wide, accompanying the eastern margin of the Bohemian Mas-
sif. Its approximate axis follows a line Krems/Donau - Znojmo
- Brno - Ostrava, situated between Central Bohemian and
Outer Carpathian gravity lows. Thus, it is parallel and partly
identical with the belt of magnetic anomalies in that area. The
gravity anomalies are shown in a generalized form by Ibrmajer
(1981) in a map of regional Bouguer anomalies in former Cze-
choslovakia. It has been also presented by Berdnek & Dudek
(1981) in a map of the zero contours of the second derivative.

The depths of the crystalline basement, which are important
for interpreting the location and shape of the source bodies, are
derived from seismic data (Kocdk, Kadle&fk, Mayer, Jan Novik,
Josef Novdk - Geofyzika Brno, pers. comm.). At the boundary
Western Carpathian Foredeep/front of Carpathian flysch
nappes the crystalline basement has been found at depths of 1.5
to 2.5 km, but, east of Brno, are only at a depth of 0.5 km (which
is due to the Zdénice elevation). Near the frontier former Cze-
choslovakia/Poland the top of the crystalline basement is 2.5 km
below surface. Close to the front of the Magura Nappes, about
10 to 30 km SE of the foredeep the crystalline basement inclines
steeply to the E, SE and S, from depths of 3 down to 7 km.
Further to the SE (over a distance of about 10 km) the basement
plunges abruptly for another 3 km down to 10 km depth. In the
vicinity of the Pieniny Klippen Belt there are almost no seismic
indications concerning the basement, only in northwestern Slo-
vakia (near Zilina) has the top of the crystalline basement been
interpreted at depths of 11 to 13 km.

This general descent of the crystalline basement from the Car-
pathian Foredeep towards the Central Carpathians determines
the position of sources of the magnetic anomalies. To the NW
of the Carpathian Foredeep a slight plunge of the marginal seg-
ment of the basement crystalline underneath the Bohemian
Massif is probable; this has been confirmed e.g. in the vicinity of
Brno where Tomek (in Blzkovsky et al. 1990; Profile 8 HR)
interpreted NW - dipping reflection elements at depths of 4 to
7 km as overthrust faults within the Bohemian Massif.

Berdnek (1971) defined a zone of high velocity seismic waves
(6.5 kms™) while interpreting the results of the International
Deep Seismic Sounding Profile (DSS-VI), which crossed the belt
of the magneti¢ anomalies studied. The zone ascends from aver-
age depths of 20 km in the Western Moldanubian unit and down
to 25 km beneath the Pannonian Basin, up to only 10 km in
places. It consequently marks an uparching of lower crust
masses of relatively high densities into the upper crustal levels.

Near the margins of the belt two geoelectric inhomogeneities
of regional to continental significance have been found in former
Czechoslovakia and Poland (Praus et al. 1981; Jankowski et al.
1984; HvoZdara et al. 1986). These extensive crustal conductiv-
ity zones are several hundreds of km long and extend down to
a depth of 20 km. This "Carpathian Geoelectric Anomaly” (see
Fig. 2) has very distinct physical manifestations. It extends from
the eastern part of the Vienna Basin along the Pieniny Klippen
Belt into the Tatra part of southern Poland. There it turns ESE,

crossing northeastern Slovakia, the Transcarpathians towards
Romania. Its thickness ranges from 1 to 7 km; it dips to the
S (SE, SW) and the source is located in depth intervals of 7 (10)
to 20 (25) km. The increased electric conductivity has been ex-
plained by the cited authors as:

- large thicknesses of permeable sediments along the front of
the Central Carpathian mountains

- mineralized waters in these sediments

- high temperature of the waters

- partial melting of rocks (subductive processes).

A different geoelectric inhomogeneity (high conductivity
zone) has been located (according to the same authors) close to
the uncovered part of the southeastern margin of the Bohemian
Massif (Fig. 2). It could be traced from the Czech/Austrian fron-
tier area (SE Moldanubicum) to the NE along the eastern mar-
gin of the Ttebft Syenite Massif and to the northern part of the
Drahanskd Vrchovina Upland Culm. It continues to the Horno-
moravsky dval depression and into the center of the Nizky
Jesenik (Niederes Gesenke) Culm as far as Silesia (Poland). The
physical manifestations of this zone are, in places, less distinct
than those in the ”Carpathian Zone of high Conductivity”.

The source of this anomaly has been interpreted as an 8 to 10
km wide body, increasing in width to 30 km in the area of Nizky
Jesentk Mts. The depth of the source body reaches 12 to 22 km,
and it dips to the W or NW respectively.

Geological interpretation - Discussion

In the previous chapters it has been demonstrated that there
is no surficial evidence for any source rocks of the magnetic belt
especially ir: its western part at least in the area between Inns-
bruck and Steyr (except for the very narrow chain of “marginal
type anomalies along its southern margin). There is no doubt
thar Bohemian Massif rocks are traceable relatively far to the
south e.g. “von Buch - Granite”, borehole Aurach 1 - about 60
km SW of Linz etc., but the Bohemian Massif does not account
for the magnetic sources (Fig. 1, PI. 1).

For these and geodynamic reasons a model is presented, which
suggests anomaly sources obducted as ophiolitic sequences below
the outer units of the Eastern Alps (Heinz 1989; Heinz & Seiberl
1990; Oberhauser 1991). The existence of oceanic crust north of
the Tauern Window - whose interior definitely has to be con-
sidered as a Southern Penninic (Piemontaisian) element - has
been postulated by Frisch (1979, 1981) who evolved logically con-
sistent geodynamic history of the Alpine system. Furthermore the
results of the acromagnetic survey of Switzerland (Commission
Suisse de Géophysique 1983) provides evidence for the continu-
ation of the “marginal type” anomalies to the west, but not for
counterparts of the large scale anomalies of the Central Euro-
pean anomaly belt. The belt is obviously cut off by the "Engadin
- Loisach - Lineament” (Tollmann 1977), which is traceable far
to the northeast parallel to the NE - SW directed segment of the
10nT- isoline W of Rosenheim (PL. 1). Moreover, it is remarkable
that Frisch (1979; especially Figs. 3 and 4) delimits the North-
Penninic ocean at a transform fault in a similar position to this
lineament. A detailed discussion about the (mainly nomencla-
ture) consequences for Alpine terms which arise from this two-
ocean-model has been initiated by Heinz & Seiberl 1990.

Borehole evidences from crystalline basement in former Cze-
choslovakia has been evaluated by Dudek (1980); more recently
this has been worked on by Jifitek (1991) who put emphasis on
the “Moravian Hercynides”. Both compiled valuable maps of
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the crystalline basement in eastern Austria, western Slovakia
and eastern Moravia. The crystalline basement of the southern
part of Poland has been described in detail by Poprawa & Nem-
Eok (1989). Dudek (1980) defined an independent crystalline
unit, called Brunovistulicum, based on geological research, drill-
ing and geophysical evidence. The age of metamorphism in this
crystalline rocks and the age of magmatism in this area have
been determined as 550 to 660 m.y., corresponding to the Ca-
domian consolidation of the Brunovistulicum, by Dudek & Mel-
kova (1985).

From the geophysical data as well as the interpretative cross
sections (Fig. 4) it is deduced that the rocks producing the cen-
tral part of the anomaly belt are part of the old crystalline base-
ment unit. The magnetically anomalous rocks within this unit
reach their highest level in the vault-shaped structure of the
basement, north of the maxima of magnetic anomalies. From
the top part of this vault structure they plunge, mainly by over-
thrust mechanisms, towards the W and NW beneath the Bohe-
mian Massif. The southeastern flank of the vault structure is
built up by the magnetic rocks first slightly and then steeply drop-
ping down into the collision zone between the North European
Platform and a Carpatho-Pannonian (sub)plate in which they
have been consumed at a depth from over 20 (30) km. Due to
the substantial changes in the physical conditions of this deep
crustal level the basement rocks lost their magnetic properties.
This crustal segment, formed in the Cadomian and filled by Bru-
novistulic rocks, can be interpreted generally as a rigid ridge
(elevation of the Proterozoic basement) which formed an ob-
stacle for the Moldanubicum and Lugicum progressing to the
SE. Later, during the Alpine orogeny, it was an obstacle in the
N (NW)-ward movement of the Carpathian/Pannonian plate as
well. These subsequent antagonistic events were responsible for
shaping this continental part of Proto-Europe into an antiform
now being buried at depths of several km.

This model also explains some features of the conductivity
zone at the southeastern margin of the Bohemian Massif which
actually occurs at the northwestern margin of the buried Pro-
terozoic basement elevation. This deep geoelectric anomaly is
regarded as a conductivity feature of tectonized rocks due to the
thrustplane Moldanubicum/Moravicum and, of both units, over
Brunovistulicum. In the southwestern part close to the Czech
Rebublic/Austria frontier the source may occur at a shallower
crustal level (compared with the central and northern Moravian
part). This zone is much older than the Carpathian Conductivity
Zone and was repeatedly deformed by the NW-SE directed
Labe fault system. Seismic, gravity and magnetic data indicate
that the Cadomian complex has been built up by relatively heavy
rocks similar to ocean type crust. This old and primary continen-
tal basement presumably did not fully resist the force which trig-
gered the NW - SE discontinuities in the Central European
crust. This is shown by the discontinuous prolongationof the belt
to the S and SW of Vienna, where the Danube fault system was
active; in the Central Moravian area the Labe fault system
played an important role. Late Alpine transpression influenced
the rigid basement as well (western margin of the Vienna Basin,
western part of Beskydy Mts. area; rather unclear in the anomaly
maps, but confirmed by seismic data).

Following Addm & Pospfil, the Carpathian Conductivity
Zone which accompanies the magnetic anomaly belt is inter-
preted as an expression of the deep parts of the collision zone
between the Carpatho-Pannonian (sub)plate and the North Eu-
ropean Platform. The loss of magnetic properties of the plat-
form rocks descending beneath the Curie-isograde-plane is an

additional feature of this conductivity zone. An additional con-
tributor to its origin are the large thicknesses of flysch sediments
rich in mineralized water, creating a large accretionary wedge in
the collision zone. The almost parallel axis of the Carpathian
gravity low, as a response to the biggest thickness of the flysch,
demonstrates the close relation of these phenomena.

Conclusions

The Central European belt of magnetic anomalies represents
the most striking geophysical phenomenon in the Eastern Alps
and Western Carpathians. It is homogeneous in respect of its
physical appearance but is obviously built up by sources of dif-
ferent geodynamical importance and age. The source for the
western part is considered to be a remnant of a North Penninic
ocean (oceanic crust) which has been obviously limited in both
time and space. The North Penninic oceanic crust has been ob-
ducted partly onto the northern continent (”Stable Europe”).
This event was completed in the Late Eocene “second conti-
nent-continent collision” according to Frisch (1979, 1981). The
”marginal anomaly” type accompanying the belt in the south is
due to remnants of a South Penninic oceanic realm, which was
consumed before the first continent-continent collision” (Early
Upper Cretaceous). The shape of the source bodies of the “mar-
ginal type” is due to their involvement into two continent-conti-
nent collisions (Heinz 1989; Heinz & Seiberl 1990). The time
ranges mentioned simultaneously mark the initiation and then
the entire consumption of the North Penninic ocean.

In contrast to the Eastern Alps the source rocks of the anom-
alous magnetic belt in the Western Carpathians are due to
a much older geodynamic element. The drillholes reaching the
Outer Carpathian basement brought evidence that mostly gra-
nodioritic, dioritic to gabbro rocks of Cadomian origin, pertain-
ing to the Brunovistulic unit defined by Dudek (1980), are the
dominating sources of the belt between Vienna and Olomouc.
The eastern Beskydy part of the belt is mainly due to crystalline
complexes (gneisses, amphibolites) with evidence of intermedi-
ate to basic plutonites (diorites or gabbros) as well. The age of
these rocks is also considered to be Cadomian. The eastern ter-
mination of the belt in the vicinity of Nowy Sacz is probably
influenced by a NW-SE tectonic lineament parallel or associated
with the Tornquist lineament.

These almost completely buried Proterozoic complexes, con-
solidated by Cadomian tectogenesis, seem to have a slightly
vaulted shape which might be the result of two orogenic pro-
cesses. The first and older one was the Variscan orogeny forming
the Bohemian Massif which influenced the W and NW side of
the Proterozoic “’core rocks”. The younger and probably more
intensive one was the Alpine-Carpathian orogeny which formed
the S (SE) slope during the obduction of the Inner Carpathians.
Deep seated (high) Conductivity Zones bordering the Cado-
mian source rocks both from the N (NW) and from the S (SE)
could define the tectonic margins of this covered Proterozoic
structure.

The Vienna Basin originated within the weakened zones of
the Danube fault system is thus a key area hiding the original
tectonic pattern of the contact of the Eastern Alps with the West-
ern Carpathians. Great thicknesses of younger sediments and
long distance movements along several strike-slip faults compli-
cate the understanding of the extension of the Penninic realm
and the termination or continuation of the buried Central Eu-
ropean Proterozoic core.
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