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Abstract: In the basement of the Danube Lowlands, meso- and epi- to anchizonal metamorphites can be distinguished.
The subdivision of mesozonal metamorphites into " Tatric” and ”Veporic” Units (Slovakia) is lacking in composition crite-
ria, and ranging all of them into "Lower Austroalpine” (Hungary) seems to be groundless. Distinction and correlation of
"Austroalpine” and "Tatroveporic” mesometamorphites is advisable instead. Epi- to anchizonal metamorphites in Hun-
gary are classified into five units, viz. Szentgotthdrd Phyllite (analog of the Sausal Series in the basement of the Styrian
Basin, Upper Austroalpine?), Biik Dolomite (analog of the Graz Paleozoic, Upper Austroalpine), Vaszar Slate (Paleozoic
basement of the Transdanubian Range), Nemeskolta Slate (heterogeneous fill of the dislocation zone of the R4ba Line)
and Mihdlyi Slate. In seismic sections, the Mih4lyi Slate emerges from-below Biik Dolomite in the south and mesometa-
morphites in the north. It is a monotonous carbonate-rich shaly-silty sequence with sporadic tuff and tuffite intercalations.
Metamorphic parameters are similar to those of the Rechnitz—Készeg Penninics but K/Ar white mica ages fall in Early
Cretaceous. Correlation of Mih4lyi Slates with the Penninics would be possible if we accept that, in the Alpine-Carpa-
thian junction zone, Penninic sediments extend beyond the area of the Tertiary metamorphism. In the basement of the
Slovakian Danube Lowlands low-metamorphic rocks on the buried southwestern continuation of the PovaZsky Inovec
Mits. and in western Ipel Basin may be regarded as possible analogs of the Mihdlyi Slate. That would be in harmony with
outlining an Ivrea type body in the area since above that body, tectonic units of deepest position - Penninics and even its
foot (Koldrovo granites and gneisses?) - are to be expected.
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Introduction

The tectonic qualification of the southeastern Danube Lowlands
areas - "Iransdanubian Range Unit” - is uniform in Slovakia and
Hungary (Fusdn et al. 1987b; Filop & Dank 1987, Dank & Fultp
1990) whereas there is a serious discrepancy in the tectonic subdi-
vision of the areas with metamorphic basement. Subdivision in
Hungary (Csdszdr & Haas 1984; Brezsnyédnszky & Haas 1985;
Filldp & Dank 1987; Dank & Fiilsp 1990; Fiiltip 1990) seems to
be based on clear chronological and petrographical criteria: the
”Penninic Unit” consists of metamorphosed Mesozoic, the “Lower
Austroalpine Unit”, of pre-Mesozoic crystalline rocks metamor-
phosed in amphibolite facies, and the “Upper Austroalpine Unit”,
of anchi- and epimetamorphic Paleozoic rocks. At the same time,
distinction between the *Tatric” and ”Veporic” crystalline rocks in
Slovakia (Fusdn et al. 1972b, 1987b) seems to be based first of all
on the position of the boreholes in the regional tectonic structure,
not on real petrographic features.

That difference forms a barrier for tectonic correlation of the
metamorphic units in the basement of the Danube Lowlands.
The barrier in question, however, is not necessarily impassable,
and the correlation opens new perspectives in understanding the
basement structure.

Tectonic position and formulating problems

The major tectonic boundary within the pre-Tertiary base-
ment of the Danube Lowlands is the Raba Line (Scheffer
& Kdntds 1949) in Hungary and Hurbanovo Line (Ga%a

& Beinhauerovd 1977) in Slovakia. The Transdanubian Range
Unit is situated southeast of them, while the Alpine~Carpathian
transition section (at least 120 km) is situated the northwest and
north of them (Fig. 1). The transition is expressed in the ”Little
Carpathian” influence in the Rosalia Mountains, Leitha and
Hainburg Hills (Pahr 1980b) and in the ”East Alpine” influence
in the Little Carpathians (Mahel 1986). As a consequence, ap-
plicability of pure Alpine or pure Carpathian terminology seems
to be doubtful.

This can be illustrated by the problem of the identification of
Penninic sequences in the transition area. In the Alps, the Ter-
tiary metamorphism is one of the most principal features of the
Penninics (Frank et al. 1987), and, in Hungary, it is used as the
main diagnostic criterion (Arkai & Balogh 1989; Fuldp 1990).
Relics of the Cretaceous metamorphic minerals (Lelkes-Felvari
1982; Koller 1985) clearly demonstrate that Tertiary meta-
morphism of the Eastern Alps affected already metamorphosed
Penninic sequences. Thus, no direct causal relationships be-
tween the closure of the Penninic basin and Tertiary meta-
morphism can be supposed. If so, the eastern closure of the
Penninic basin and the eastern termination of the Tertiary meta-
morphism do not necessarily coincide, and Penninic sequences
with no Tertiary metamorphism are not excluded in the transi-
tion area. Consequently, the age of the metamorphism in that
area does not necessarily serve a firm basis for identification of
the Penninics. To be more precise, Tertiary ages confirm it, but
C1. ‘nceous ages do not exclude it, and the last conclusion out-
lines the main difference from the Alpine s.s. areas.

‘The Slovak experience points to difficulties in distinction be-
tween the "Tatric” and ' Veporic” crystalline basement, and the
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confidence of numerous authors in assigning all crystalline rocks
from boreholes in the Hungarian Danube Lowlands to the
Lower Austroalpine Unit seems to be groundless. On the anal-
ogy with the concept for the Styrian basement (Flugel 1988a, b),
from a petrographic point of view it would be most correct not
to subdivide Tatroveporic” crystalline in Slovakia at least south
of the Tribe- Stiavnica area. In that case, correlation of the ”Au-
stroalpine” and “Tatroveporic” crystailine would not generate
problems.

The position of low-grade metamorphic rocks in the Hunga-
rian Danube Lowlands is, however, really problematic. In cur-
rent geological and tectonic maps (Fulop & Dank 1987; Dank
& Fillop 1990), they are named “Upper Austroalpine Unit”
with reference to the analogy with the Graz Paleozoic (Fillop
1990). That analogy, however, has never been analysed and con-
firmed since the appearance of that statement (Baldzs 1975)
although it wandered from publication to publication and, in last
decade, transformed into an axiom.

Low-grade metamorphic rocks in the Hungarian
Danube Lowlands basement

Rocks in the basement of the Hungarian Danube Lowlands
were primarily identified as “crystalline”, ”metamorphic” etc.
A distinction between crystalline rocks and metamorphic slates
was introduced by Baldzs (1967) and used for subdivision
(”Upper Proterozoic crystalline” and ”Variscan metamorphic

sequence”) in tectonic maps by Balogh & Kordssy (1968).
Somewhat later, the Kdszeg slates were parallelized with the
Penninic sequence (Nagy 1972), regarded as Mesozoic, and ex-
cluded from the Variscan metamorphites.

Low-grade metamorphites were drilled in several areas
(Fig. 1). Vaszar Slate was regarded analogous to those in the
Balaton Highland both being covered by Permian sediments
(Juhdsz 1967). Nemeskolta Slate was also correlated with the
Balaton Highland slates (Juhdsz & Koh4ti 1966; Baldzs 1967,
1971, 1975) although no overlying Permian or Mesozoic sedi-
ments were penetrated. Characteristic of the Vaszar and Ne-
meskolta Slates is the low carbonate content (Baldzs 1971)
therefore those sequences have been separated from the carbo-
nate-rich Mihdlyi Slate correlated with the Graz Paleozoic (Ba-
l4zs 1975).

The two types of slate have been recognized in one succession
in the borehole Ikervar Tke—4 (Fig. 2) of the Nemeskolta area
(Baldzs 1967) which was declared to be the stratotype of the
Paleozoic of the Hungarian Danube Lowlands (Baldzs 1971,
1975). The low-carbonate sequence was penetrated in a lower-
most position whereas the carbonate-rich sequence, in a top-
most, with a mafic volcanic sequence lying between them. The
uppermost part of the volcanic sequence was qualified as a tec-
tonic breccia, nevertheless, the stratigraphic nature of the suc-
cession has not been doubted (Filop 1990).

The correlation of the Ike—4 upper sequence with Mihalyi
Slate (Baldzs 1971, 1975) seems to be unconvincing since the
rocks of the Ike—4 upper sequence are rich in graphitic and cal-
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Fig. 2. Boreholes with metamorphites in Hungarian Danube Lowlands, after Kérossy (1987), Csdsz4r et al. (1978) and Fiilop (1990).

careous matter which is unusual for Mih4lyi Slate. Conse-
quently, the three slate sequences - Vaszar, Nemeskolta and Mi-
halyi - should be discussed separately. Beside those three se-
quences, two others are frequently mentioned as distinct objects
viz. Bitk Dolomite and Szentgotthérd Phyllite.

Vaszar Slate is the only sequence of the three with a certain
stratigraphic position: 5 boreholes of 16 penetrated it below Per-
mian sediments, in 2 cases covered by Triassic. Moreover, in
maps it is partly separated from other metamorphites by bo-
reholes with Triassic beyond (i.e. NW) of it. It is represented by
anchimetamorphic low-carbonate arglllaceous-sﬂty sediments
(Arkai et al. 1987) with K/Ar white mica ages 311 % 13,
325 * 15 and 329 + 13 Ma (Arkai & Balogh 1989). Their be-
longing to the Variscan basement of the Transdanubian Range
Unit is hardly disputable.

Nemeskolta Slate was regarded as similar to Vaszar Slate in
a petrographical sense (Baldzs 1967, 1971, 1975, 1983; Arkai et
al. 1987). A striking difference of the Nemeskolta metamorphic
basement from that in surroundings of Vaszar consists in the
presence of various other rocks. Of 13 boreholes with metamor-
phites, maris and marly slates were in 3, conglomerates, in 1,and
volcaniclastics, in 2. Of 9 boreholes which penetrated the base-
ment for at least 50 m, 3 displayed heterogeneous succession of
metamorphites. As seen, the Nemeskolta basement known

from boreholes in a maximum 3 km wide strip is heterogeneous
both horizontally and verticatly.

‘There are only twodirect age determinations available. Upper
Jurassic or Lower Cretaceous microfauna (Tintinnidae, Lom-
bardia) was reported from Core 29 (0.05 m marls from 1959.0- .
1960.5 m) of the borehole Ike~2 (Juh4sz & K6hdti 1966) and
a 314 * 13 Ma K/Ar white mica age, from Core 15 (1.5 mslates
from 1750.0 - 1753.0 m) of the borehole Ike-10 (Arkai & Ba-
logh 1989).

It has been all the fashion for the last decade to express doubts
concerning the microfauna (Kdzmér 1986; Kortssy 1987 and
numerous oral comm.) and to declare the Paleozoic age to be
proved. The single radiometric age, however, is not necessarily
extentable on all the metamorphites in that strip, and the vari-
able petrographic composition, in reality, leaves open the ques-
tion on the uniformity and homogeneity of the Nemeskolta
basement in a stratigraphic sense.

Characteristic of Mihdlyi Slate is its homogeneity. Of more
than 40 boreholes, 2 penetrated dolomites (in breccias immedi-
ately below the overlying Miocene conglomerates, relationships
with the slates being doubtful) and 6, mafic and/or intermediate
volcaniclastic intercalations. The more than 100 cores mostly
consisted of sericite to sericite-chlorite or even chlorite slates
with various amounts of carbonate (calcite, dolomite, siderite)
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-basement overtrusts, after Pogécsds et al. (1991), and magnetotelluric boundary zone, after Hobot et al. (1991),

_Cenozoic rock associations in the basement of the Danube Lowlands and its surroundings constructed by 2.5 km extrapolation from

exposures and boreholes. Intra

indicated.

Fig. 3. Pre



BASEMENT TECTONICS OF THE DANUBE LOWLANDS 275

veins and infillings. In subordinated amounts, siltstones and
sandstones as well as calcareous and dolomitic slates occur.
Limestones are only observable as some cm lenses in calcareous
slates. Acid volcanic influence reported by Baldzs (1971) seems
to be doubtful: idiomorphic albite and albite-oligoclase crystals
are most probably porphyroblasts, not crystalloclasts, since the
expected accompanying quartz is completely absent.

Mihdlyi Slate was traced for about 30 km in a SSW-NNE
direction that points to its great thickness. Its metamorphism,
according to Arkai et al. (1987), took place in the quartz-albite-
muscovite-chlorite subfacies of the greenschist facies. In some
of Mihélyi phyllites, biotite was observable (e.g. in Lelkes-Fel-
véri’s photo, see Fig. 29D in Fulp 1990) that points to presence
of the biotite subfacies as well. Consequently, the metamorphic
grade of Mihdlyi Slate is analogous to that of K¢szeg Slate
(Lelkes-Felvari 1982).

Arkai etal. (1987) concluded from illite-crystallinity measure-
ments on the high geothermal gradient during the metamorph-
ism of Mihdlyi Slate characteristic of the Variscan metamorph-
ism and different from that of the Penninics. That conclusion,
however, is unconvincing since measurement results from Mi-
hélyi were compared with the expectable value for K6szeg
(Lelkes-Felvari 1982), not with measurement results which dis-
play no significant difference.

Arkai & Balogh (1989) reported a 116 * Sand a 123 + 5 Ma
K/Ar white mica age (Early Cretaceous) which significantly dif-
fers from those for the Penninics (Tertiary). That fact was inter-
preted in a pure Alpine” framework in terms of excluding
Mesozoic and confirming Paleozoic age of Mihdlyi Slate. That
argumentation, however, would only be valid if the Mih4lyi area
were constituent of the Alps s.s. As shown above (Chapter 2), it
cannot be excluded that the extreme eastern Penninics extends
beyond the area affected by the Tertiary metamorphism. Mih4lyi
Slate, thus, may represent Penninic sediments with no Tertiary,
i.e. with only Cretaceous metamorphism, and this would be in
harmony with all data available.

Biik Dolomite was defined as a stratigraphic unit (Filtp
1990) on the basis of the Biik—1 (Fig. 2) borehole section with
dolomites and dolomite breccias for about 200 m (9 cores). Up
to 20 km south and southeast of Bilk-1, 7 other boreholes also
penetrated dolomites, dolomite breccias and dolomite sand-
stones. The maximum thickness of dolomites (280 m) was ob-
servable in the borehole Olbs O1-6. Within the 140 m basement
sequence of Bik—2, marly slates (calcareous phyilites) of about
100 m in the thickness were both covered and underlain by do-
lomites whereas, in boreholes Ol-8 and Pecdl Pe~1, the do-
lomites were underlain by calcareous sericite slates. In the area
with dolomites in the basement, four boreholes only penetrated
various slates in a 20 - 60 m thickness. As seen, the dolomites
both vertically and horizontally alternate with calcareous slates
and are probably close to them in a stratigraphic sense. Conse-
quently, when discussing the basement tectonics, considering
a dolomite-slate sequence seems to be necessary.

Sporadic b, values (Arkai et al. 1987) are analogous to those
of Mihélyi, not Nemeskolta Slate. K/Ar white mica ages
(140 £ 6,149 = 6, 178 = 7, 180 + 7and 203 * 8, Arkai & Ba-
logh 1989) are significantly older than those for Mihélyi Slate.

Szentgotthdrd Phyllite is known from two boreholes (Fig. 2) in
about 25 km of the Nemeskolta and 60 km of the Mih4lyi area.
Phyllites, sometimes with 1 - 2 mm calcite strips along the foliation,
are analogs rather of the Mihélyi than of the Nemeskolta Slate. The
illite crystallinity of a single sample (b, = 9.017 A, Arkai et al. 1987)
is equal to that for Koszeg Slate (b, = 9.015 A, Lelkes-Felvari

1982), and the K/Ar white mica age of the same single sample is
143 * 6 Ma (Arkai & Balogh 1989), alittle older than the ages for
Mihdlyi Slate and equal to the youngest Biik Dolomite ages.

Structural relationships between the rock groups outlined
above are visible in seismic sections. In the Hungarian Danube
Lowlands, six intra-basement overthrusts (Fig. 3) have been
recognized (Pogdcsds et al. 1991), whereas the Rdba Line is not
visible, probably, due to its steep position. The R4ba Line, how-
ever, is clearly detected by magnetotelluric sounding as a zone
which separates two areas of different geoelectric properties and
cuts overthrusts detected in seismic sections (Fig. 3).

Overthrust 1 coincides with the top of the Penninic Window
at Készeg and can be interpreted as the base of the Austroalpine
nappes, their contents being not confirmed by drilling data.
Overthrust 2 is of opposite sense outlining together with Over-
thrust 1 something like a synform. Below it, borehole Csapod
Cs-1 (Fig. 2) penetrated mica schists with garnet, therefore,
Overthrust 2 is not an equivalent of Overthrust 1. Farther south-
wards, below Overthrust 2, Biik Dolomite (+ slate) appears. It
is not correlatable with the Csapod crystalline in a petrographic
sense, but both of them may belong to the same nappe (e.g.
Upper Austroalpine). Overthrust 3 separates both Csapod cry-
stalline and Bitk Dolomite from Mihdlyi Slate, the latter under-
lying them in a tectonic sense. That situation would be consistent
with the correlation of Mih4lyi Slate with the Penninics, not with
Bitk Dolomite. Moreover, it in any case contradicts the view of
numerous geologists on the assignmentof the Csapod crystalline
to the Lower and Mihdlyi Slate to the Upper Austroalpine
Nappe. The petrographic (and stratigraphic?) heterogeneity of
the Nemeskolta basement may be due to its position within the
dislocation zone of the Rgba Line.

Overthrusts 4-6 do not seriously influence the distribution of the
principal stratigraphic sequences (metamorphites, Permian sand-
stones and Triassic limestones), thus, they cannot bear significant
magnitudes. Most probably, they are analogous to the Litér and
other thrusts in the Balaton Highland outlining the symmetry of the
structure of the Transdanubian Range Syncline (Fig. 4).

NW SE
Balaton Highland

Vaszar arca

Fig. 4. Symmetric structure of the Transdanubian Range, completed
after Schmidt (1961).

Alpine and Carpathian analogs of low-grade
metamorphic rocks

Numerous geologists regarded the Graz Paleozoic as the
analog of Mihdlyi Slate, Bik Dolomite and Szentgotthard
Phyllite. The Graz Paleozoic crops out ina 60x30 km area (Fritz
et al. 1992) and consists of limestones and calcareous slates as
well as dolomites and dolomite sandstones sometimes interca-
lated by mafic tuffs and lavas. Shaly/silty sequences of significant
thickness occur in the deepest horizons mostly intercalated by
mafic volcanites and limestones, not dolomites.

The Graz Paleozoic is situated more than 100 km west of the
Buk area, and the Arnwiesen Dolomite (Fliigel 1988a, b) in the
basement of the Styrian Basin forms a link between them. The
Blumau Series below the Arnwiesen Dolomite consists of
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Fig, 5. Boreholes with metamorphites in the Slovakian Danube Lowland, after Biela 1978a-b and Fus4n et al. 1987b, completed from Balla et al.
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gs = greenschist; ma = metasandstone; ms = metamorphic schist; ph = phyllite; y= granite; y0 = granodiorite; = diorite. Adjectives: ¢ = ca-

taclastic; I = lower; m = middle; m = metamorphic; u = upper.

phyllites with limestone and dolomite intercalations, and thus,
may be correlated with the deeper levels of the Graz Paleozoic
and, perhaps, of the Biik Dolomite. Sausal Series south of Graz
consists of greenschists, phyllites and sericite slates with lime-
stone intercalations (Schonlaub 1980), in boreholes it is tra-
cable towards the east up to the Hungarian border (Fligel
1988a, b). Szentgotthdrd Phyllite was drilled in about 15 km of
the last occurrence, and its correlation with the Graz Paleozoic
is problematic.

Mih4lyi Slate is isolated from the Styrian Basin by the Bik-
Arnwiesen Series. No quasi-homogenous slate fields of com-
parable size exist in the area of the Graz Paleozoic on the sur-
face. In that sense, Sausal Series would be similar, the presence
of limestone intercalations in it, however, makes the correlation
doubtful.

The metamorphism of the Graz Paleozoic ranges from late
diagenetic through anchi- and up to epizonal (Hasenhittl
& Russegger 1992). The number of K/Ar ages is limited and
ranges between 80 and 238 Ma (Becker et al. 1987; Fritz & Neu-
bauer 1990). Nappes of deeper position display younger (98 -
133 Ma for 6 and 80 Ma for 1 sample), and those of higher
position, older (150 - 200 Ma for 10 and 121, 138 and 238 Ma
for other 3 samples) ages due to increasing with the burial depth
of Alpine thermal influence (Fritz & Neubauer 1990). From
that point of view, Mih4lyi Slate would be correlatable with the
deeper, and Biik Dolomite, with the higher nappes.

To summarize, the Biikk Dolomite is correlatable with the Graz
Paleozoic through the Arnwiesen(-Blumau) link, and Szentgot-
thérd Phyllite, with the Sausal Series of uncertain stratigraphic

and tectonic position. It is worth mentioning that both the Szent-
gotthérd and Biik sequences are still behind the Alpine section,
not the Alpine-Carpathian transition. Correlation of the Mihélyi
Slate, situated already behind the transition section, with any of
the Austroalpine sequences seems to be unconfirmed although
not excluded.

Carpathian analogs of Mihdlyi Slate are difficult to search for.
In overviews for the Slovak Danube Lowlands (Fusdn et al.
1972a, 1987a), no distinction is made between the epi- and
mesozonal metamorphites, all of them being ranged into the
“crystalline basement”. Since detailed petrographic descriptions
are usually unavailable, the low-grade metamorphic rocks have
been selected mainly by names of rocks and lists of minerals
(Biela 1978a, b). ”Phyllites” and "sericite-chlorite slates” have
been regarded low-grade (epizonal) although obvious uncer-
tainty remains with the content of the terms ”phyllite” and se-
ricite” which may influence validity of the definition ”low-
grade”.

In the Slovakian Danube L.owlands, ”low-grade” metamor-
phic rocks have been mentioned from three areas (Fig. 5): (1)
southeastern foreland and buried southwestern continuation of
the Pova’sky Inovec Mts. (biotite phyllite in Topoltany To-1,
quartz-biotite phyllite and phyllite in Sered’ Se-5, phyllite and
quartz phyllite in Sered’ Se—6, phyllite in Sered Se-8 and sericite
phyllite in Abrahdm Ab-1), (2) Stiavnica Hills (quartz-sericite-
chlorite slate in KOV-39, phyllite in KOV—40, sericite-chlorite
slate in KOV—41, sericite-chlorite slate, partly influenced by con-
tact metamorphism, and biotite slate in VS-1, sericite-chlorite
slate with quartz lenses and greenschists in Vv§-5, sericite-
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Austroalpine nappe; 6 - Penninics; 7 - normal crustal complexes (“granitic layer”); 8 - high-density crustal complexes ("basaltic layer” etc.);

9 - upper mantle; 10 - geological boundary; 11 - intracrustal boundary.

chlorite slate with sillimanite, andalusite and biotite in V$8-6 and
sericite-chlorite slate with quartz lenses in V5-8) and (3) west-
ern Ipel Basin (sericite and sericite-chlorite phyllite with inter-
calations of epidote amphibolites and sericite-quartz phyllites,
fine-grained quartzite and sericite-quartz phyllite, sericite, cal-
cite-sericite and graphite-calcite-sericite phyllite in Dolné Seme-

rovce SV-8, crystalline schist/slate in Plastovce Pi-1, phyllite
with quartzite intercalations in Pla¥tovce PU-1, phyllite in
Plastovce PU-2 and sericite-chlorite and chlorite phyllite and
schist in Ipelské Predmestie VV-5).

The Sered area is open to the south, but, for about 80 km
towards the Mihdlyi area, no borehole reached the basement.

0 km 100

— " 2 " 1 " A i i )

Pre-Cenozoic exposed

\ Basin axis as virtual tension fissure

—" Réba-Hurbanovo Line
Approximate position of the
intra-crustal high-density body

~~— Geomagnetic contour lines (each 50 nT)

Fig. 7. High-density intra-crustal body in relation to geomagnetic anomalies and Neogene basins. Magnetic anomalies, after Hasz & Kom4romi
(1967), Kubes & Filo (1987) and Seiberl (1988). Austrian, Hungarian and Slovakian data are not exactly comparable due todifferences in survey
methods and in measurement objects (airmborne T in Austria, field Z measurements in Hungary and Slovakia) as well as in accepted regional

fields. Basin axes outlined using Kilényi & Sefara (1989).



278 BALLA

4 m brecciated ”Lower Triassic” shale and sandstone (Se-5) and
36 m "Mesozoic” calcareous sandstone and arenaceous lime-
stone (To-1) in the top of the metamorphites cannot be re-
garded as a normal stratigraphic cover, thus, the phyllite se-
quence is not necessarily Paleozoic in age. Thus, a re-evaluation
of the phyllite sequence with consideration of the possibility of
its Mesozoic age and tectonic position below the crystalline and
granite complexes in the surroundings (Senec Sn—1, Trnava Tt-1,
Hiohovec HI-2, Kubes & Filo (1987), Velké Z4luZzie VZ-1 etc.)
seems to be useful.

The two other areas seem to be “closed” towards the south-
west by boreholes with mesometamorphic or granite basement
(Koldrovo Ko, Surany Su, Podhdjska Podh, Pozba Po). The den-
sity of boreholes, however, is insufficient for excluding possi-
bilities for correlations, and about 80 km towards the Mihlyi
area remain completely without any borehole data on the base-
ment composition.

The presence of a distinct low-grade metamorphic sequence
of Paleozoic age in the Stiavnica area is doubtful due to similar
names for Lower Triassic rocks (KOV-39 and -40), on one
hand, and to presence of gneisses, migmatites and cataclastic
granitoids (KOV-33, -39, -41 and VS—I), on the other. On the
contrary, biotite was not mentioned evenin detailed descriptions
of the basement rocks from the western Ipel Basin (SV-8: Reich-
walder 1981; VV-5: Klinec 1976), thus, the presence of a low-
grade metamorphic sequence in thatareaseems to be very prob-
able. Permian to Lower Triassic (low-metamorphic) sediments
in the top (§V-8) confirm its Paleozoic age.

To summarize, the presence of low-grade metamorphic slate
sequences can be supposed in two areas of the Slovakian base-
ment, in the Sered area and in the western Ipel Basin. The age
of the slate sequence can be both Mesozoic or Paleozoic in the
first area and is Paleozoic in the second.

Taking into account the absence of any boreholes in the cen-
tral Danube Lowlands (60x 80 km) and limited amount of them
in most of the basin areas, the existence of still unknown low-
metamorphic basement sequences is not excluded. They could
partly correspond to Paleozoic slate sequences of the exposed
areas (Pezinok, Pernek and Harmonia: PlaSienka et al. 1991;
J4nov Grun: Miko 1981; Prednd Hofa: Bajanik et al. 1979;
Gelnica and Rakovec: Grecula 1982), but may be completely
new as well.

Crustal structure

Crustalstructure is frequently discussed in terms of basement
and Moho topography as well as fault and block delineation.
Here, another aspect of the crustal structure, viz. composition
heterogeneity recorded in magnetic and gravity anomaly pattern
will be discussed.

Intense magnetic anomalies are characteristic of the Hunga-
rian Danube Lowlands (Hadz & Komaromi 1967), the sources
of them being within the pre-Cenozoic basement (Posgay
1967a, b). They are situated in the immediate neighbourhood
of the Rechnitz-Koszeg Penninic Window, and that fact induced
relating the anomalies to the mafic and ultramafic magmatites
of the Rechnitz- Ktszeg Series (Varrék 1963; Balla 1982). Mag-
netic anomalies have also been traced in the Styrian Basin (Sei-
berl 1988) and interpreted together with those in Hungary the
same way (Hoffer et al. 1991).

1t is remarkable, however, that intense magnetic anomalies
both in Hungary and Austria are restricted to basins and sud-
denly diminish in exposed areas of the Penninics. Moreover,
mafic and ultramafic magmatites rest in nappes above the
Penninic sediments (Pahr 1980a) whereas the intense magnetic
anomalies come from sources within the pre-Cenozoic base-
ment (Posgay 1967a, b). That is why doubts remained concern-
ing the origin of the anomalies (Oberladstadter et al. 1979).

Gravity anomalies both in Austria and Hungary were inter-
preted in terms of basement and Moho topography (Renner
& Stegena 1966; Walach & Weber 1987; Posch et al. 1989). The
intense Koldrovo gravity high in Slovakia was also primarily re-
lated to a hypothetical basement high (GaZa & Beinhauerova
1977) but in the light of seismic and drilling data was re-inter-
preted and connected with an intra-crustal high-density mass
(Bielik et al. 1986). An analysis of gravity anomalies along a seis-
mic section revealed the presence of a similar mass below the
Mihélyi area (Fig. 6), and analogous evaluation of a gravity
profile across the Styrian and Zala Basins allowed the author to
continue that mass towards the southwest (Balla 1993). Al-
together, the intra-crustal high-density mass has become traceable
for more than 200 km covering the zone of the intense magnetic
anomalies (Fig. 7). In the first approximation, coincidence of the
magneticand gravity anomalies is explicable in terms of mafic/ultra-
mafic composition of the intra-crustal source.

Fig. 8. Correlation of the Mih4lyi intra-crustal high-density body with Ivrea Zone, after Balla (1992a, b).
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The position of the intra-crustal high-density mass in the
general structure of the Alps induced an idea of correlating
it with the well-known Ivrea Zone of the Western Alps and
to outline a possibility of an about 500 km dextral offset upon
the Insubric-Periadriatic Lineament (Fig. 8). The absence of
high-grade metamorphism above the high-density mass, how-
ever, is a significant difference from the Ivrea Zone. It might
be explicable in terms of the much deeper position of the top
of the mass below the Danube Lowlands area as compared with
that in the Ivrea Zone, but no comparisons of the expectable
and observable metamorphic zonation and no computations of
the corresponding thermal models have been performed to
support that concept.

Three alternative explanations for the intra-crustal high-den-
sity mass can be outlined as follows: (1) an intrusion connected
with the Miocene volcanism (Bielik et al. 1986), (2) an inclusion
within the continental crust of a piece of the oceanic lithosphere
which arose due to the Penninic basin not being completely
closed and (3) a protrusion of the upper mantle in connection
with the Miocene extension. In the frame of the intrusion model,
the size of the mass in question and, in the frame of the intrusion
and inclusion models, its linear shape are incomprehensible. In
the context of the inclusion and protrusion models, asymmetry
of the mass in vertical cross section (Fig. 6) and, in the context
of the protrusion model, the discordant position of the mass in
maps relative to the basement topography (Fig. 7) would be
inexplicable. As seen, even in the first approximation, no real
alternative for the Ivrea model can be offered although mantle
protrusions in the axial zones of the deepest partial basins may
complicate the picture due to additional high-density masses.

In the context of the Ivrea model, the Rdba Line is accompa-
nied from the northwest by the most elevated in a structural
sense zone which suffered the most intense erosion before the
Miocene subsidence. In other words, the deepest tectonic units,
the Penninics or even its foot, are expectable in that zone. In the
Western Alps and the Tauern Window, the foot consists of con-
tinental series metamorphosed in high greenschist and/or low
amphibolite facies. From that point of view, Mih4lyi Slate might
belong to the Penninic series, and its analogs might cover large
areas in the central Danube Lowlands with no boreholes in
a 60 x 80 km area. The Sered phyllites may form an apophysis
of that Penninic field. Within the zone of the gravity high, con-
tinental basement of the Penninic Nappe might occur in the foot
of the Miocene basin fill as well, the Koldrovo granites and meta-
morphites being possible candidates.

Conclusions

The pre-Cenozoic basement of the Danube Lowlands is
divided into two parts by the Rdba- Hurbanovo Line. Southeast
of the Line, the Transdanubian Range Unit is situated (Fig. 3),
with anchimetamorphic Paleozoic sequences and overlying
them Permian and Triassic sediments. Northwest of the Réba
Line, the pre-Cenozoic basement consists of Alpine - Carpathian
metamorphic series which are only covered by Upper Paleozoic
and Mesozoic sediments in the peripheral areas.

Mesozonal metamorphites belong to the Austroalpine or Ta-
troveporic nappes with no real possibility for further subdivision
on the basis of composition features of the drill cores. Ranging
all the mesometamorphites east of the Sopron area into the
”Lower Austroalpine Unit” in Hungary as well as distinction
between the ”Tatric” and ”Veporic” crystalline south of the Tti-
be&-Stiavnica area in Slovakia seems to be groundless.

Epi- to anchizonal Paleozoic metamorphites are known in the
surroundings of Graz, then in the basement of the Styrian Basin
(Arnwiesen, Blumau and Sausal Series) and in southwestern
Hungary (Szentgotthdrd Phyllite = probable equivalent of the
Sausal Series, Bk Dolomite-Slate = probable equivalent of the
Arnwiesen (+Blumau?) Series and the Graz Paleozoic). Similar
rocks may also be constituents of the dislocation zone of the
Raéba Line (Nemeskolta area). In Slovakia, epizonal metamor-
phites of Paleozoic age can be supposed in the western Ipel
Basin (Dolné Semerovce, PldStovee, Ipelské Predmestie) sur-
rounded by boreholes with mesometamorphic basement. They
arein about 280km of the Graz Paleozoic (Upper Austroalpine)
and in 160 km of its Hungarian equivalents, and are traditionally
ranged into the Veporic crystalline.

Epizonal Mesozoic metamorphites, products of Tertiary
metamorphism, crop out in the Rechnitz - KOszeg Penninic Win-
dow. In principle, eastern closure of the Penninic basin and eas-
tern termination of the Tertiary metamorphism do not necess-
arily coincide, thus, it seems possible that, in the Alpine-Carpathian
transition zone (Rosalia Mountains through Little Carpathians
and Danube Lowlands areas behind them, Fig. 1), Penninic sedi-
ments with no Tertiary, only Cretaceous, metamorphism occur.

In the Hungarian Danube Lowlands, Mih4lyi Slate emerging
from-below the overthrust Upper Austroalpine Biik Dolomite-
Slate is analogous to the Ktszeg Series in a lithological sense, the
only difference consisting in the Cretaceous, not Tertiary, age of
its metamorphism. Thus, Mihdlyi Slate might be a representa-
tive of the Penninic series with no Tertiary metamorphism, its
Paleozoic age, however, is also not excluded. In Slovakia, 80 km
north of the Mihdlyi Slate but with no borehole data on the
basement between them, the Sered phyllites emerge from-
below the overthrust Tatric Mesozoic. The age of them is uncon-
strained, so Mesozoic is not excluded, and an analogy with the
Mihdlyi Slate seems to be possible although not confirmed.

The Rdba Line is accompanied from the northwest by a zone
of intra-crustal high-density mass. The latter can be regarded as
similar to the Ivrea Zone of the Western Alps (Fig. 8), alterna-
tive explanations (Miocene volcanism-related intrusion, oceanic
lithosphere inclusion and upper mantle protrusion) being incon-
sistent with the size, shape or position of the zone in question.
In the context of the Ivrea analogy, tectonic units of deepest
position would be expectedin the basement above the high-den-
sity mass. The Penninic provenance of the Mihdlyi Slate would
be in harmony with that expectation, and it seems possible that
in the central Danube Lowlands with no borehole data on the
basement composition in a 60 x 80 km area, mostly Penninic se-
quences with no Tertiary metamorphism, not *Tatric” and
”Veporic” mesometamorphites and granites, underlie the Neo-
gene basin fill. Koldrovo granites and mesometamorphites do not
necessarily overlie those Penninics but perhaps underlie them.

References

Arkai P. & Balogh K., 1989: The age of metamorphism of the Early
Alpine type basement, Little Plain, W-Hungary: K-Ar dating of
K-white micas from very low- and low-grade metamorphic rocks.
Acta Geol. Hungarica, 32,131 - 147.

Arkai P, Horvith Z. A. & T5th M. N., 1987: Regional metamorphism
of the East Alpine type Paleozoic basement, Little Plain, W-Hun-
gary: mineral assemblages, illite crystallinity, -bo and coal rank
data. Acta Geol. Hungarica, 30,153 - 175.

Bajanik s, Biely A., Miko O. & Planderov4 E., 1979: A Paleozoic vol-
cano-sedimentary complex of Prednd hofa, Nfzke Tatry Moun-
tains. Geol. Préce, Spr., 73, 7 - 28 (in Slovak, English summary).



280 BALLA

Bal4zs E., 1967: Petrographic study of Lower Paleozoic rocks from the
basement of the western Little Hungarian plain. A Kéolaj- és
Foldgdzbdnydszat Tudomdnyos-Miiszaki Kozleményei. 11,304 - 321
(in Hungarian).

Balézs E., 1971: Altpaliozoische Gesteine des Beckenuntergrundes
der Kleinen Ungarischen Tiefebene.. Magy. Al Foidt. Intéz Evi
Jelent. 1969-rol: 659 - 673 (in Hungarian, German summary).

Baldzs E., 1975: Paleozoic formations of the Little Plain basement.
Foldt. Kutat4s, 18,17 - 25 (in Hungarian).

Balézs E., 1983: Untersuchung der metamorphen Faziesgiirtel in Trans-
danubien. Anuarul Institutului de Geologie si Geofizic, 61,9 - 14.

Balla Z., 1982: Development of the Pannonian basin basement through
the CretaceousCenozoic collision: A new synthesis. Tectono-
physics, 88, 61 - 102.

Balla Z., 1989: Re-interpretation of the Di6sjeno dislocation zone,
North Hungary. Eétvés L. Geofizikai Intézet 1987. Evi Jelentése, 45
57, (in Hungarian, English summary: 174 - 175).

Balla Z.,1992a: Crustal gravityanomaly in the Alpine-Carpathian junc-
tion area: An Ivrea-type structure? Abstracts, 29th Intemational
Geological Congress, Kyoto, Japan, Aug. 24 Sept. 3,1992.

BallaZ.,1992b: An Ivrea-type structure in the Alpine-Carpathian junc-
tion area. Terra Nova 4, Abstract Supplement, 2, 5.

Balla Z.,1993: An Ivrea-type structure in the Alpine -Carpathian junc-
tion area? In: H. Lobitzer & G. Csészar (Eds.): Jubildumsschrift
20 Jahre geologische Zusammenarbeit Osterreich-Ungamn, Teil 2.
Geologische Budesanstalt, Wien - Magyar Allami Féldtani Intézet,
Budapest (in press).

Balla Z., Dudko A. & Kévesi G., 1991: The R4ba line and the interpe-
tation of gravity anomalies along seismic profile MK-1). Eétvas
L. Geofizikai Intézet 1988-89. Evi Jelentése, 19 - 47 (in Hungarian,
English summary: 246b - 247).

Balla Z., Erkel A, Kir4ly E., Schonviszky L., Szalai L., Taba S., Ver6 L.,
Csillag Teplnszky E., Csongradi J. & Korpés L., 1978: Exploration
of the Borzsony Mountains. Eowvis L. Geofizikai Intézet 1977. Evi
Jelentése, 19 - 33 (in Hungarian, English summary: 120 - 121).

Balogh K. & Korossy L., 1968: Tektonische Karte Ungarns im MaBs-
tabe 1:1.000.000. Acta Geol. Acad. Sci. Hung., 12, 255 - 268.

Becker L. P, Frank W,, Hock V., Kleinschmidt G., Neubauer E, Sassi
F.P. & Schramm J. M., 1987: Outlines of the pre-Alpine metamor-
phic events in the Austrian Alps. In: H. W. Fligel, F. P. Sassi & P.
Grecula (Eds.): Pre-Variscan and Variscan events in the Alpine-Me-
diterranean mountain belts. Miner. slovaca, Monography, Publ. H.
Alfa, Bratislava, 69 - 106.

Biela A., 1978a: Deep boreholes in covered areas of the Inner West
Carpathians,]. Region. Geol. Zdpad. Karpd, 10,1 - 224 (in Slovak).

Biela A., 1978b: Deep boreholes in covered areas of the Inner West
Carpathians, I1. Region. Geol. Zdpad Karpds, 11,1 - 224 (in Slovak).

Bielik M., Fus4n O., Plan&4r J., Biela A. & Tunyi 1., 1986: New infor-
mation on subsurface structure of Danube Basin. Geol. Prdce, Spr.,
84, 119 - 134 (in Slovak, English summary).

Brezsnysnszky K. & Haas J., 1985: The new tectonic map of Hungary.
Proc. repts. XI1I-th Congr. CBGA, Poland Cracow, Sept. 510, 1985.
Geol. Inst., Cracow. Part 1., 174 - 177.

Brezsny4nszky K. & Haas J., 1986: Main features of the pre-Tertiary
basement of Hungary. Geol. Zbor. Geol. Carpath., 37, 297 - 303.

Cs4szar G. & HaasJ.,1984: Hungary. Excursion 104, Mesozoic forma-
tions in Hungary. Guidebook, Intemational Geological Congress,
XXVIIth session, Moscow, USSR, 1984. Publ. H. Vizdok, Buda-
pest,1-92.

Cs4szir G.,HaasJ. & Jocha-Edelényi E., 1978: Bauxite-geological map
of the Transdanubian Range, Cenozoic deposits omitted, scale
1:100,000. Magyar Allami Foldtani Intézet, Budapest.

Dank V. & Fiilép J., 1990: Tectonic map of Hungary, scale 1: 500,000,
Geological Atlas of Hungary, 3. Magyar Allami Foldtani Intézet,
Budapest.

Fliigel H. W,, 1988a: Geologische Karte des prétertidren Untergrundes.
In: A.Kroll, H. W, Fliigel, W. Seiberl, F. Weber, G. Walach & D. Zych
(Eds.): Erlduterungen zu den Karten tiber den pritertidren Un-
tergrund des Steirischen Beckens und der Siidburgenlédndischen
Schwelle. Geologische Bundesanstalt, Wien, 21 - 43.

Fliigel H. W,, 1988b: Geologische Karte des prétertidren Untergrundes.
In: Geologische Themenkarten der Republik Osterreich, Steiri-
sches Becken - Siidburgenlindische Schwelle, 1:200,000. Geologi-
sche Bundesanstalt, Wien.

Frank W., Kralik M., Scharbert S. & Théni M., 1987: Geochronologi-
catl data from the Eastern Alps. In: H. W. Fliigel & P. Faup!
(Eds.): Geodynamics of the Eastemn Alps. Franz Deuticke Verlag,
Wien, 282 - 308.

Fritz H. & Neubauer F,, 1990: Die Struktur des Grazer Palidozoikum.
In: 3. Symposium fiir Tektonik, Strukturgeologie, Kristallingeologie
im deutschsprachigen Raum. Exkursion "Grazer Paldozoikum’, 23.
April 1990. Institut fir Geologie und Paldontologie, Karl-Franzens-
Universitdt, Graz, 1 - 15.

Fritz H., Ebner F. & Neubauer F.,, 1992: The Graz thrust-complex
(Paleozoic of Graz). In: F. Neubauer (Ed.): The Easten Central
Alps of Austria, field guide. AlCaPa, Geological evolution of the
intemal Eastern Alps and Carpathians and of the Pannonian Basin,
June 27 - July 6, 1992, Graz.

Fusdn O., Ibrmajer J., Plan&4r J., Sl4vik, J. & SmfSek M., 1972a: Geo-
logical structure of the basement of the covered parts of the south-
ern part of Inner West Carpathians. Zbor. Geol. Vied, Zdpad.
Karpaty, 15,1 - 173, (1971) (in Slovak, English summary).

Fus4n O, Sl4vik 1., Plan&4r J. & Ibrmajer J., 1972b: Geological map of
the substratum of the covered areas in the southern part of the
Inner West Carpathians. Zbor. Geol. Vied, Zdpad. Karpaty, 15,
Encl. (in Slovak).

Fusdn O, Biely A., Ibrmajer J., Plan¥4r J. & RozloZnfk L., 1987a: Base-
ment of the Tertiary of the Inner West Carpathians. GUDS, Bra-
tislava, 1 - 123 (in Slovak, extended English summary).

Fusan O., Plan&4r, J. & Ibrmajer J., 1987b: Tectonic map of basement
of Tertiary in Inner West Carpathians, Scale 1: 500,000. Gl7D§,
Bratislava.

Fiilép J.,1990: Geology of Hungary. I, Paleozoic. Magyar Allami Féld-
tani Intézet, Budapest, 1 - 325 (in Hungarian).

Fiilop J. & Dank V. (Eds.), 1987: Geological map of Hungary without
Tertiary formations, scale 1:500,000, Geological Atlas of Hun-
gary, 2. Magyar Allami Foldtani Intézet, Budapest (1986).

GaZa B. & Beinhauerové M., 1977: Tectonics of the Neogene in SE part
of the Danubian basin. Miner slovaca, 9, 259 - 274 (in Slovak,
English summary).

Grecula P, 1982: Gemericum - segment of the Paleotethydian rif-
togenous basin). Miner. slovaca, Monography 2, Publ. H. Alfa, Bra-
tislava, 1 - 263 (in Slovak, English summary).

Ha4z 1. & Koméromi 1., 1967: Geomagnetic map of Hungary. Anom-
alies of the vertical intensity, 1:500,000. Geofiz. Kozlem., 16, (4),
(Encl., 1966).

Hasenhiittl Ch. & Russegger B., 1992: Niedriggradige Metamorphose
im Grazer Paldozoikum. Jb. Geol. B.-A., 135, 287 - 297.

Hobot J., Dud4s J., Fejes 1., Mildnkovich A., Pdpa A., Nemesi L.
& Varga G., 1991: The regional geophysical survey of the Little
Hungarian Plain. E6tvés L. Geofizikai Intézet 1988 - 89. Evi Jelen-
tése, 13 - 19 (English summary: 188 - 189, 1990), (in Hungarian,
English summary).

Hoffer E., Schonviszky L. & Walach G., 1991: Geomagnetic investiga-
tion in the Austrian-Hungarian border zone: The Készeg-Rech-
nitz Mts. area. Geophys. Trans., 36, 67 - 79.

Juhész A., 1967: Lower Paleozoic sequences of the eastern edge of the
Little Hungarian plain. A4 Koolaj- és Foldgdzbdnydszat Tudomd-
nyosMuszaki Kozleményei, 11, 285 - 293 (in Hungarian).

Juhdsz A. & Kohiti A., 1966: Mesozoische Schichten im Beckenunter-
grund der Kleinen Ungarischen Tiefebene. Foldt. Kozl., 96, 66 -
74 (in Hungarian, German summary).

Kézmér M., 1986: Tectonic units of Hungary: Their boundaries and
stratigraphy (A bibliographic guide). Ann. Univ. Sci. Budapest,
Sect. Geol., 26, 45 - 120.

Kilényi E. & Sefara J. (Eds.), 1989: Pre-Tertiary basement contour map
of the Carpathian Basin beneath Austria, Czechoslovakia and
Hungary, Scale 1:500,000. Eotvds L. Geophys. Inst., Budapest.

Klinec A.,1976: Description of crystalline rocks from boreholes MV-1,
VV-1, VV-5. Region. Geol. Zdpad. Karpdt, 6, 52 - 53 (in Slovak).



BASEMENT TECTONICS OF THE DANUBE LOWLANDS 281

Koller F. & Héck V., 1987: Die mesozoischen Ophiolite der Ostalpen.
Mitt. Osterr. Mineral. Gesell., 132,61 -77.

Kordssy L., 1987: Hydrocarbon geology of the Little Plain in Hungary. Al-
talénos Foldtani Szemle, 22,99 - 174 (in Hungarian, English summary).

Kube3 P. & Filo M., 1987: Czechoslovakian West Carpathians. Mag-
netic anomaly map, 1:500,000. Geofyzika n. p. Brno.

Lelkes-Felvdri Gy., 1982: A contribution to the knowledge of the Al-
pine metamorphism in the Készeg—Vashegy area (western Hun-
gary). New. Jb. Geol. Paldont., Mh., 5,297 - 305.

Mahel M., 1986: Geology of the Czechoslovakian Carpathians, 1. Pa-
leoalpine units. VEDA, Bratislava, 1 - 508 (in Slovak).

Miko O., 1981: Early Paleozoic volcanism of the Veporid part of the
Nizke Tatry Mits. In: §. Bajanfk & D. Hovorka (Eds.): Paleovol-
canism of the Western Carpathians. GUDS, Bratislava, 41 - 47 (in
Slovak, English summary). i

Nagy E., 1972: Untersuchungen im Kdszeg-Gebirge. Magyar All. Folds Intéz
Evi Jelent. 1970-rol, 197 - 207 (in Hungarian, German summary).

Oberadstidter M., Walach G. & Weber F,, 1979: Geomagnetic measure-
mentsin the Alpine-Pannonic boundary region. EOS, 60, (32),572.

Pahr A., 1980a: Die Fenster von Rechnitz, Bernstein und Méltern. In:
R. Oberhauser (Ed.): Der Geologische Aufbau Osterreichs.
Springer Verlag, Wien and New York, 320 - 326.

Pahr A.,1980b: Das Rosalien- und Leithagebirge sowie die Hainburger
Berge. In: R. Oberhauser (Ed.): Der Geologische Aufbau Osterre-
ichs. Springer Verlag, Wien and New York, 326 - 331.

Plasienka D., Michalfk J., Kov4& M., Gross P. & Puti¥ M., 1991: Paleo-
tectonic evolution of the Malé Karpaty Mits. - An overview. Geol.
Carpathica, 42,195 - 208.

Pogédcsds Gy., Simon E. & Vimnai F., 1991: Hydrocarbon perspectives
of overthrusted nappes in the pre-Neogene basement of the Pan-
nonian Basin. 36th International Geophysical Symposium, Septem-
ber 2328, 1991, Kiev, Ukraine. Abstracts and papers of the technical
program, 65 -175.

Posch E., Winter P. & Walach G., 1989: Stand und Ergebnisse der
Schweremessungen in Siiddsterreich. In: H. Lichtenegger, P.

Steinhauser & H. Siinkel (Eds.): Tagungsbericht iiber das 5. Inter-
nationale Alpengravimetrie-Kolloquium, Graz 1989. Osterreichi-
sche Beitrdge zu Meteorologie und Geophysik, 2 (Zentralanstalt fiir
Meteorologie und Geodynamik, Publ Nr. 332),139 - 145,

Posgay K., 1967a: General map of magnetic bodies in Hungary,
1:500,000. Geofiz. Kozem. (Geophys. Trans.), 16, (4), (Encl., 1966).

Posgay K., 1967b: A comprehensive survey of geomagnetic masses in
Hungary. Geofiz Kiédem. (Geophys. Trans.) 16, (4), 15 - 118,
(1966) (in Hungarian, extended English summary).

Reichwalder P, 1981: Lithologic and petrographic description of cry-
stalline rocks, 932.0-1203.4 m. Region. Geol. Zdpad. Karpd, 14,
44 - 52 (in Slovak).

Renner J. & Stegena L., 1966: Gravimetrische Untersuchung der Tief-
struktur von Ungarn. Geofiz Kozlem. (Geophys. Trans.), 14, (14),
103 - 114 (in Hungarian, German summary).

Scheffer V. & Kantds K., 1949: Die regionale Geophysik Transdanubien.
Folds. Ko2.,79,327 - 360 (in Hungarian, German summary).
Schmidt E. R., 1961: Considérations géomécaniques sur la formation
des cratosynclinaux mésozoiques de la Hongrie et sur I'interpré-
tation des leurs caractéristiques tectoniques principles. Annals

Hung. Geol. Inst., 49, (3), 931 - 958.

Schoénlaub H. P, 1980; Das Grazer Paldozoikum. Remschnigg und Sau-
sal. In: R. Oberhauser (Ed.): Der Geologische Aufbau Osterreichs.
Springer Verlag, Wien and New York, 397 - 403.

Seiberl W, 1988: Aeromagnetische Karte (Isoanomalen der Totalinten-
sitdt AT), MaBstab 1:200,000. Steirisches Becken — Siidburgen-
landische Schwelle, Geologische Bundesanstalt, Wien.

Varrék K., 1963: Examens géologiques dans la montagne Koszeg).
Magy. All. Foldt. Intéz. Evi Jelent. 1960-r6l, 7 - 20 (in Hungarian,
French summary).

Walach G. & Weber F,, 1987: Contributions to the relations between the
Eastern Alps and the Pannonian Basin in the light of gravimetric and
magnetic investigations. In: H. W. Fliigel & P. Faupl (Eds.): Geody-
namics of the Eastem Alps. Franz Deuticke, Vienna, 345 - 360.



