Jubildumsschrift 20 Jahre Geologische Zusammenarbeit A 20 éves magyar-osztrak
Osterreich - Ungarn té\dtani egyiittmiksdés jubileumi kétete
Redaktion: Harald Lobitzer, Géza Csaszar & Albert Daurer Szerkesztette: Lobitzer Harald, Csaszéar Géza & Daurer Albert
Til2 | 5.385-402 |  wien, November 1994 2.rész pp. 385-402 Bécs, 1994, novemnber

ISBN 3-900312-92-3

An lvrea-type Structure
in the Alpine —Carpathian Junction Area?

By ZOLTAN BALLAY}
With 21 Text-Figures and 1 Table

Osterreich

_Ungam
Slowakel

vrea-Zone

Geophysik

Gravimefiie

Inhalt

AT B S U G ..ottt it tsetruseenasaieeeaieeeaeeetaeasasonanaaanccessasesroronsssatossanssraseosasaasmnansas 385

Lo LT T | Y TS PP 386

B = T 386

LI 11 (=T L T AT R 386
2. Anlntra-Crustal High-Density Body in HUNGAY .. ...ttt e e oyt iaa et et a e et e e a e mar e e ea e e bt taaranens 386
3. Intra-Crustal High-Density-Bodiesin Slovakia and AUstria o ... ... i i i it ittt i iariararrrrssrarsnsntsneeernens 388
4, GeologiCal INTerPretaliOn .. . i i e e et e ee e e eaiiaeea, 390
4.1, Inclusion ofthe Oceanic LithosSphere? ... .. . it it ittt tasessanaanasasorassssassonsnneiin 391
4.2, ANIVrea-TyPe S U M oottt i i i i i i i et st as e e ot e st as ittt et st tastssesssancnnnnnnrnnsaas 395

B T T T 396

L 0 T T 1Ty M 400
Appendix 1: Brief Description of Gravity Modeling Along the Seismic Profile MK-1 .. .. ... ... .. .. ... ..ol 400
Appendix 2: Desctiption of Gravity Modeling Along a New Profile Across the South Burgentand Swell ........ ... 400

Lo c = o L A 4

Eine Struktur vom lvrea-Typ
im Grenzbereich Alpen/Karpaten?

Zusammentassung

Die Verbindung zwischen Alpen und Karpaten erstreckt sich dber die drei Linder Osterreich, Slowakei und Ungarn. Eine Detailanalyse des Schwere-
feldes unter Beriicksichtigung von reflexionsseismischen Profilen ung von Dichtewerten aus Kernbohrungen lieB zum SchiuB gelangen, dafl — nach
Korrektur des topographischen Effekts des Basements ~ eine deutliche Restanomalie (etwa 15 mGal) iber dem Mihdtyi Riicken in Ungarn verbleibt.
lterative Schweremodelle entlang reflexionsseismischer Profile zeigten, daB unter der Annahme einer normalen kontinentalen Kruste fur die transda-
nubischen Ketten dieser Riicken aus anomaler Kruste ~ mit dichterem Material - aufgebaut ist.

Ein isometrisches Schwerehoch bei Kolarovo (Slowakei) im norddstiichen Donau-Raab-Beckan wird als miozane Andesitintrusion in das tertidre
Basemant interpretiert, Die siidburgenlandische Schwelle in Osterreich wird als Aufragung des pritertidren Basements aufgefaBt, entlang der eine
zusatzliche Erhdhung des ragionalen Schweregradienten vermutet wird, Slowakische und dsterreichische Daten wurden unter Zuhilfenahme der
Ergebnisse aus ungarischen Profilen re-interpretiert: es resultierte daraus ¢ine Zone anomaler Krustendichte dber etwa 200 km im genanniten Bereich
aller drei Lénder. Eine magliche Erkldrung hiefiir ist die Annahme der Exisienz einer Struktur analog der westatpinen lvrea-Zone mit signifikanter
Reduzierung der Krustendicke im Alpen/Karpaten-Grenzbereich in der Folge eines neogenen Extensionsregimes und nachfolgender Subsidenz; alle
digse Faktoren modifizierten die Topographie der Kruste in diesem Gebiet,

Sawohl die lvrea- als auch die Mihalyi-Struktur liegen an der [nsubrischen Linie, an der eine sich (iber mehr als 400 km erstreckende dextrale
Verschiebung stattfand, die mit einer Ausquetschung ostalpiner Einheiten in Folge einer obereozinen Kontinent-Kentinent-Kollision in Zusammen-
hang stehen dirfte. Die genannten Dichteanomalien lvrea und Mihalyi entstanden somit nach einem frithkretazischen Kollisionsereignis, welches
wiederum Folge der SchlieBung des Penninischen Ozeans war,

“} Author’s address: Dr. ZOLTAN BALLA, Hungarian Geslogical Institute, Stefdnia dt 14, H-1143 Budapest, Hungary.
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Ivrea-tipusi szerkezet az Alpok-Karpétok csatlakozasi dvében?

Osszetoglalas

Az Alpok &s a Karpdtok csatlakozési ove harom orszdgra esik: Ausztriara, Magyarorszagra és Szlovékidra. A gravitacios tér reflexids szeizmikus
szelvényekre s firomagokon kapott siriség-adatokra tmaszkodd specilis elemzése arra a felismerésre vezetett, hogy az aljzat-domborzat hata-
sdnak eltavolitisa utdn a Mihdlyi-hatsag felett jelentés (kb. 15 mGal) anomalia marad. A gravitacids tér szeizmikus szelvények menti iteraciés model-
lezésével kimutattuk, hogy amennyiben a Dunantdli-kGzéphegység alatt normalis kontinentalis kéreg van, a Mihalyi-hatsag alatti fdldkéreg anomalis
felépitésd, s az aljzat felszine alatt 3 km-rel nagysdrdségd tdmeg telepi benns.

Szlovdkidban Gatdnal (Kolarovo) egy izometrikus gravitdcids maximum van, amelyet egy aljzaton bellili miocén andezit-intrizidval magyardztak.
Ausztridban a Dél-Burgenlandi-kiiszGh egy aljizatkiemelkedést képez, amely felett a regionalis gravitacids tér emelt voliat tételezték fel.

A magyar szelvényeken szerzett tapasztalatok alapjan mind a szlovakiai, mind az ausztrial adatokat egy foldkérgen belili siriséganomaliaként
értelmeztdk Gjra, amely igy harom orszdgon 4t kb, 200 km-en 4t kdvethetének bizonyult, Egy értelmezési lehetdseq az, hogy a fdldkérgen heiili
siriség-anomalia a Nyugati Alpokbd| jéismert [vrea-szerkezet analdgja. A két teriilet kozdtt jelentés eltérés van, amely azonhan visszavezethetd lenne
arra, hogy az Alpok és a Kirpatok csatlakozasi dvében a kéregvastagsdg a neogén extenzidval és besiillyedéssel kapcsolathan erdsen lecsdkkent, ami
nyilvanvaléan mddositotta az eredeti kéregszerkezetet,

Mind az lvrea-, mind a Mihdlyi-szerkezet az Inszubriai-vonal mentén helyezkedik el, tobb mint 400 km-es jobbos eltaldddsnak megfeletd elrende-
zodést mutatva, ami az Alpoknak a késd-eocénben lejatszodott kontinens-kontinens iitkdzéssel kapesolatos szétnyomodaséra vezethets vissza, Az
Ivrea—Mihdlyi fdldkérgen belilli siriség-anomdlia valoszindleg eqy kora-kréta kollizids dvbél — a Pennini-6cedn zarddasi dvébél - keletkezeti,

Abstract

The Alpine-Carpathian junction area spreads over three countries: Austria, Hungary and Slovakia. A special analysis of the gravity field hased on
reflection seismic profiles and density data from horehales resulted in the conclusion that after removal of the basement topography effect a signi-
ficant {about 15 mGal) anomaiy remains above the Mihdlyi Ridge in Hungary. By means of iterative modeling of the gravity field along reflection
seismic profiles it has heen shown that if the Transdanubian Range is of normal continental crust the Mihalyi Ridge is of anomatous crust with
high-density masses from about 3 km below the basement surface.

In Slovakia, an isometric gravity high (Kolarove) in the northeastern Danube-Raba Basin was interpreted in terms of a Miocene andesite intrusion
within the pre-Tertiary basement. In Austria, the South Burgenland Swell is expressed as an elevation of the pre-Tertiary basement, and an additional
elevation of the regicnal gravity field was supposed on it.

Based an the experience from Hungarian profiles both the Slovak and Austrian data have been reinterpreted in terms of a crustal density anomaly
which turned to be traceahle for about 200 km over all the three countries. A possible explanation for the crustal density anomaly is that it is an analog
of the well-known Ivrea structure of the Western Alps. Significant differences are observable between these areas, hut they may he due to sharp
reduction of the crustal thickness in the Alpine-~Carpathian juncticn area in connection with Neogene extension and subsidence which ohviously
modified the primary structure of the crust.

Both the Ivrea and Mihdlyi structures are located along the Insubric ling displaying »400 km of dextral offset which may be related to ihe squeezing
out of the Alps due t0 continent-continent coilision in the Late Eocene. The Ivrea-Mihalyi crustal densily anomaly seems to have originaied from an

Eo-Cretaceous collision zone {closure of the Penninic ocean).

1. Introduction

The Bouguer-anomaly maps are extremely useful in
evaluating regional structures. Unfortunately, in the former
socialist countries, gravity data were for a long time se-
cret, and maps based on recent measurements have not
been published yet. In the Bouguer anomaly map {scale
around 1 : 2,200.000) published by SCHEFFER (1957}, the
Alpine-Carpathian mountain rangeappearsasa
chain of well-expressed gravity lows (<-30 mGal)
which probably reflect the mauntain root in the Alps and
underthrust sedimentary seguences in the Carpathians.
East of the Eastern Alps and south of the northern West
Carpathians the more-or-less uniform gravity high
(>+10 mGalyofthe Transdanubian and North Hun-
garianrangesissituated.

The intermediate beltdisplays a dismembered
anomaly pattern with local highs and lows (Text-
Fig. 1). In the first approximation, the anomaly pattern
seems to reflect the pre-Cenozoic basement to-
pography: gravity highs coincide with superficial out-
crops or basement highs whereas gravity lows fall on
basement lows. In a qualitative sense this reflects the
sharp density difference between the basement and basin
fill, i.e. the density excess of the basement rocks and the
density deficiency of the sediments. Consequently, the
gravity anomaly pattern can help in delinsating the young
structures connected with the subsidence.

It is remarkable, however, that the Mihalyi Ridge
(Text-Fig. 2) buried by a 1.5 km thick Neogene sequence
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coincides with a gravity high of the same value (>+15
mGal) as those on neighbouring basement outcrops in the
Rechnitz - Készeg, Sopron — Hainburg or Bakony areas. In
the next approximation, this fact seems to reflect the pres-
ence of anomalous, dense masses on the Mihalyi
Ridge or below it.

2. An Intra-Crustal
High-Density Body in Hungary

The reflexion seismic section MK-1 crossesthe
Mihalyi Ridge in the middle. Bouguer anomalies in general
follow the basement topography (Text-Fig. 3). Procedures
outlined in Appendix 1resulted in separation of the re-
gional gravity field independent of the basement topo-
graphy and reflecting intra-crustal density inhomogenei-
ties. The corresponding anomaly path shifted to the depth
2.6 kmb.s.l. {Text-Fig. 4) displays a high with aflat slopein
the northwest and a steep slope in the southeast. By
means of computer modeling alot of various models
have been checked, density data having been taken from
direct measurements {Table 1), and the Moho surface,
mainily from POsGaY et al. (1991).

The most probable version is presented in Text-Fig. 5.
The scutheastern half of the section (Transdanubian
Range unit) seems to be of normal continental crust
whereas in the middle of the section high-density
masses are in about 3 km from the basement surface,
their top gently going down towards the northwest. The
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Text-Fig. 1.
Gravity anomaly map of the Alpine-Carpathian junction area after SCHEFFER (1957).

WW = profile in Fig. 5 of WaALACH & WEBER (1987); PWW = profile in Text-Fig. 3 of PoscH et al. (1989); KH = Kalaravo high; MR = Mihalyi Ridge; NZB =
North Zala Basin; SBS = South Burgenland Swell; ESB and WSB = East and West Styrian basins.

boundary between these units is steep, is traceable for at
least 12-13 km towards the depths and may cross even
the Moho. This boundary coincides with the Raba line
of Hungarian authors (see in KAZMER, 1986).

Most of Hungarian geologists believe the low-metamor-
phic rocks in boreholes on the Mihalyi high to be analogs
of the Graz Paleozoic (Upper Austroalpine: see in
KAZMER, 1988). In our section, however, there is no place
for the East Alpine nappe pile. On the contrary, these se-
quences seem to dip under, not over the Lower Aus-
troalpine crystalline complex of the Sopron Hills, i.e. prob-
ably belong to the Penninics.

Formally, “basaltic layer” is displayed in high position in
the middle of the section (Text-Fig. 5) but that is not the
only possible interpretation of the modeling results. “Ba-
saltic” density (2.9 g/cm3) is the minimum value re-

quired in modeling, any higher value being acceptable, up
to the “mantle” ones, with corresponding increase of the
depth to the top of the high-density body. On the other
hand, the topography of the top of the high-density body
is less constrained below the Lower Austroalpine crystal-
line complex due to the uncertainty of the thickness of the
latter.

Modeling of gravity data along the seismic profile
K-4 25 km southwest of the profile MK-1 confirmed ex-
istence of a high-density body. The density model
(Text-Fig. 6) is rather detailed due to high resolution of the
seismic section and presence of numerous boreholes
near the profile, but due to the flatter basement topo-
graphy position and geometry of the deep-seated high-
density body is less constrained than in MK~1. In the
seismic profile K-1 55 km northeast of the profile
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Text-Fig. 2.

Pre-Tertiary basement contour map of the Alpine~Carpathian junction area. After KILENYI & SEFARA (1991).
WW = profile in Fig. 5 of WaLACH & WeBER (1987); PWW = profile in Fig. 3 of PoscH et al. (1989); KH = Kolarovo high; MR = Mihalyi ridge; NZB = North
Zala Basin; SBS = South Burgenland Swell; ESB and WSB East and West Styrian basins.

MK-1 (HoBoT et al., 1987), the basement surface has been
lost at extremely great depths (=8 km) so that position and
geometry of the deep-seated high-density body is still
less constrained. Nevertheless, the intra-crustal high-
density body is traceable in Hungary for a distance over
80 km.

3. Intra-Crustal High-Density Bodies
in Slovakia and Austria

In Slovakia, 50 km east of the northeastern closure of
the Mihalyi Ridge, the Kolarovo gravity high (see in
Text-Fig. 1) displays >+10 mGal at 2-3 km basement de-
pth. In a gravity modeling profile (P-V, Text-Fig. 7) it was
related to a hypothetical Miocene andesitic intru-
sion, but equally can be regarded as the continuation of
the Mihalyi high-density body within the basement.
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In Austria, southwest of the Mihalyi Ridge, the South
Burgenland Swell is well expressed in the gravity an-
omaly pattern. Attempts to evaluate the gravity high were
made along two W-E profiles across the East Styrian Ba-
sin. In the Bouguer anomaly pattern of the longer profile
(PWW), two different sections were distinguished
(Text-Fig. 8): a slope with a 1 mGal/km gradient west of the
Mur valley and a dismembered section with an as-
sumed mean gradient of about 0.2 mGal/km. It was stated
(PoscH et al., 1989) that gravity highs and lows on the dis-
membered section correspond to basement highs and
lows, but no further calculations were performed.

A shorter profile about 20 km north of the previous one
(WW) was interpreted in another way (Fig. 9). A tangent
was applied to the peaks at the ends of the section and
was accepted as the regional field with a 0.5 mGal/km



Table 1.

Thicknesses and densities applied in gravity modet calculations akong the profile MK-1.

Table |11, of BALLA et al. (1989).

Thickness Density
Depth interval Sequence mea- | cal- cor-
total partial sur- cul- rec-
ed ated ted
Cenozoic basinal sediments
| 0-1000 1000 1000 Upper Pannonian 1.99 | 1.99 | 2.10
1000-2000 1000 500 Upper Pannonian 1.99 2.08 224
500 Lower Pannonian 2,17
2000-3000 1000 500 Lower Pannonian 2.17 2.17 2.34
3000-4000 1000 500 Lower Pannonian 2,17 2.25 2.42
500 Miocene 2.33
4000-5000 1000 1000 Miocene 2.33 2.33 2.48
5000-6000 1000 1000 Miocene - 2.40 | 2.53
6000-7000 1000 1000 | Miocene - 2.46 2.56
Basement of Transdanubian Range type
- - - Upper Cretaceous 2.56 2.56 -
- 800 400 L. Cretac. - Juras. - 2.62 -
200 Dachstein Limest. 2.62
_ 200 Kossen beds - 2.62
- 1200 1200 Main Dolomite 2.76 | 2.76 -
- 2200 600 Veszprém Marl 2.54 2.57 -
1100 Low.-Mid. Triassic 2.62
- 500 Permian 2.49
- - - Metamorphic basem. - 2.63 -

gradient. Two-dimensional calculations (WALACH & WE-
BER, 1987} resulted in the coincidence of the basement to-
pography effect with the residual anomaly.

The attempts above clearly demonstrated the presence
of dense masses below the Styrian Basin and the Swell
expressed in the increase of the regional field. The most
obvicus component of the latter is connected with the
Moho topography. If the whole of the regional field is
due to this effect, the evaluation of the South Burgenland
Swell gravity high will depend on the gradient of the re-
gional field: if the latter is of about 0.5 mGal/km (Text-
Fig. 9), no additional dense masses below the Swell are
required to generate the observable gravity values, where-
as at about 0.2 mGal/km of the regional gradient a
=20 mGal local anomaly falls on the Swell {Text-Fig. 8)
pointing to the existence of a high-density body within the
earth crust (the corresponding local low of the East
Styrian Basin can be related to density deficiency due to
sedimentary fill).

Gravity modeling (for details, see Appendix 2) re-
sulted in revealing intra-crustal high-density bodies below
the East Styrian and North Zala basins and their surround-
ings (Text-Figs. 10-12). Two principal cases have been
outlined, an about 100 km wide horizontal sheet
which (from the point of view of the gravity modeling)

equally can be isolated from-below or attached to an un-
derlying high-density layer forming elevation of this layer
(Text-Figs. 10 and 11), on one hand, and a series of vert-
ical sheets (Text-Fig. 12), on the other.

It should be mentioned, that the cuter two vertical ap-
pendices/sheets are much less convincing than the cen-
tral one. The existence of the eastern one of them is doubt-
ful since the corresponding dense masses may be alse
represented by the thick limestone-dolomite sequence of
the Transdanubian Range, not by a deep-seated source.

The western vertical appendice/sheet may reflect de-
fects in both the density model of the Alpine root and in
corresponding Moho tepography.

The middle part of the horizontal sheet below the East
Styrian Basin, South Burgenland Swell and axial zone of
the North Zala Basin or its equivalent, the middle vertical
sheet, only seems to be more-or-less confirmed by check-
ing considerations, the lateral boundaries and the topo-
graphy being not constrained.

As seen, there is a great number of models which re-
produce the measured gravity anomalies, and there are no
real constraints for selecting one of them on the basis of
meodeling. Thus, geological considerations must
be taken into account in evaluation of the modeling re-
suls.
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! 4. Geological
Interpretation

mGal

Within the upper crustof
granite-gneisscompo-
sition and average density
around 2.7 g/cm?® the most
probable high-density bo-
dies are of mafic or ultramafic
composition with average
densities around 2.9-3.1
g/cmé. Thus, a density ex-
cess of 0.2-0.4 g/cm?® seems
to be most acceptable.

In a geological sense, the
vertical-sheet model
(Text-Fig. 12) would mean
“mantle dikes” intruded
or protruded during the ex-
tension which resulted in ba-
sin subsidence. In that case
approximate coincidence of
the dikes with basin axes
would be expectable. In rea-
lity, however, only the middle
“dyke” is close to a basin ax-
is, the two others fall on the
middle of slopes. Conse-
quently, the vertical-sheet
model seems to be unconvin-
cing at least for the two outer
bodies.

The horizontal-sheet
model may have numerous
geological applications. lts
version with a body iso-
lated from below would
mean a specific horizon com-
posed of high-density mag-
matic or metamorphic rocks,
e.g. a series of intrusions
arranged in a horizontal chain
or an ophiolitic nappe.
In a geological sense, the
body attached to the
underlying layercanonly
be identified with an eleva-
tion of the “basaltic layer”.
The latter, however, is ex-
pectable at about 15 km de-
pths (see Text-Fig. 5) below
the Transdanubian Range.
Therefore, the position of the
body in question (+0.2 g/
cm?®) is probably similar to
that in Text-Fig. 11C. The to-
pography of the elevation is,
however, unconstrained due
to the absence of seismic
profiles and density deter-
minations.

Intra-crustal high-density
bodies have been outlined in
each of the five profiles
studied from this point of
view in the Alpine-Carpa-
thian junction area. On the

Upper Triassic Main

Austro-Alpine and Penninic formations.

Jurassic to Lower Cretaceous sediments; Upper Triassic Dachstein Limestone and Cassian Beds; 4

Paleozoic metamorphic basement of the Transdanubian Range; 9

Permian; 8

Lower-Middle Triassic; 7

Upper Cretaceous (Senonian) sediments; 3
serial numbers of slopes; Da-1 = borehole Dabrony-1.

Upper Triassic Veszprém Marl; 6

mGal

For location, see Text-Figs. 1 and 2 (Fig. 8 of BaLLa et al., 1991).

Geological section along the reflexion seismic line MK-1.

1 =Neogene—Quaternary basinal sediments; 2

Text-Fig. 3.
Dolomite; 5
In circles
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Nw SE
mGal
Sopron Hills Nagycerk Basin Csapod Basin Mihalyi Ridge Réba line Transdanubian Range unit
10 80
o k . km
-0
-2.6
=20 -
—5
Text-Fig. 4.

Residual gravity anomaly reflecting a deep structure along the profile MK-1 (Fig. 11 of BALLA et al., 1991).
Figures in circles = serial numbers of slopes; 1 = straight connecting points plotted with their g and km values read on Text-Fig. 17 in the depth

indicated above the line;

2 =residual gravity anomaly mechanically shifted to the depth -2.6 km and corrected on the basis of the Ag-h curve; 3 = initial

gravity step between slopes 5 and 6; 4 = gravity step between slopes 5 and 6a shifted to the depth-2.6 km; 5 = residual anomaly corrected on the basis

of the Ag-h curve neglecting the slope 6a.

basis of the regional gravity anomaly pattern (Text-Fig. 1) it
can be supposed that the same body has been de-
tected in all five profiles, in other words it is traceable for
about 200 km. This fact may help in the limitation of the
number of possible models by means of compari-
sons.

In the profile P-V (Text-Fig. 7), the high-density body
falls below the slope and in the profile K-1, below the
deepest part of the basin. In the profile MK-1 (Text-
Fig. 5), it spreads far beyond the deepest part especially
towards the northwest, and in the profile K-4 (Text-Fig.
6), itis located within a flat and comparatively shallow part
of the basin, below the closure of the Mihalyi Ridge. Con-
sequently, in spite of the situation of the high-density in a
basinal area, its location is only sometimes controlled by
basin axes.

In the profiles MK-1 and K-4 (Text-Figs. 5 and 6) the
intra-crustal high-density body is limited in the southeast
by the Raba line, one of the most important lineaments
of Hungary (see in KAzZMER, 1986). Similarly, in the profile
K-1itis located northwest of the Raba line. In the profile

P -V (Text-Fig. 7) the high-density body is situated on the
northwestern flank of the Hurbanovo line which is
usually correlated with the Raba line (e.g. KAZMER & Ko-
VACS, 1985). Thus, the position of the intra-crustal body in
guestion is clearina tectonic sense: it accompanies
the Raba-Hurbanovo line from the northwest.

No correspondence of the high-density body to
Neogene basin axes makes unconvincing the “mantle
dyke” model, on one hand, and its control by the pre-
Neogene Raba-Hurbanovo line points to an old age, on
the other. In our opinion, the isolated-from-below models
are of low probability, thus, we regard the layer-eleva-
tion model as the most acceptable one. In its frame, two
principal versions can be outlined: an oceanic-li-tho-
sphere inclusion and an lvrea-type situation.

4.1. Inclusion
of the Oceanic Lithosphere?

In both the Western Alps and the Tauern Window, the
bottom of the Penninic ophiolite sequence is visible: it

0 50 Rdéba line 100
0 e * L . 1 1 1 1
2% % e e % e e L
o .
s ciabie e B B e
B s s s 1 25 0 g e rindndy
B e i e 20 s 20 0. .l b e - T+ttt tt+++ti+rt
it VPRI B DS G B bty
b4 bdbibobtbiitt
e o
-20 -
e e e |
+++
) R B D B ) [ e — —
Text-Fig. 5.

Crustal structure along the profile MK-1 (Fig. 16 of BALLA et al., 1991).

1 =Cenozoic (mainly Neogene) sediments; 2 = Upper Cretaceous {Senonian) sediments; 3 = Permian to Lower Cretaceous formations; 4 = Paleozoic of

the Transdanubian Range; 5 = Lower Austro-Alpine nappe; 6 = Penninics; 7 = “granitic layer”

; 8 = “basaltic layer” and other formations of similar

density; 9 = upper mantle; 10 = geological boundary; 11 = intra-crustal boundary.
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Text-Fig. 6.

Density model for the seismic section K—4.

For tocation, see Text-Figs, 1 and 2. Calculated by author

;l;lgng Pipa’s seismic interpretation (Fig.7 of HosoT et al..
1%

A = gravity anomalies; B = upper part of the density model,
vertical exaggeration 1: 5; G = density madel, no vertical ex-
aggeration,

isrepresented by the underthrust Eur-
opean continental crust. It is usually be-
lieved that this is also the situation in the
Készeg-Rechnitz area where the ophiolitic se-
quence lies on top of the Penninic sediments
(PaHR, 1980, 1982, 1984).

For the area in question, intense magnetic
anomalies are characteristic {SFIBERL, 1988;
HAAZ & KOMAROMY, 1967). They are frequently re-
lated to the Penninic ophiolites (e.g. HOFFER et
al., 1980) but this is not the only interpretation.
Based on model calculations PosGay (1967a-b)
located the top of magnetic sources in
1.3-2.3km below the basement surface.

NW SE
mGal mGal
104 8 Transdarubion Range unit |- 10

Mihslil Ridge i
Nogycentk Basin  Csapod Basin § I
o Vs 0
\j Gravity anomaly [
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cabculated
101 0 km 50 F-10
j — " " " ] 3
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2.63 !
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OBERLADSTATTER et al. {1979) also
were of the opinion that the source of
magnetic anomalies lies at consider-

abte depths.
It is remarkable that in the Re-
chnitz area of outcrepping

ophiolites negative magnetic an-
omalies of low intensity {up to
-80 nT, see in SEIBERL, 1988) have
been only dstected whereas in the
surrounding bhasinal areas positive
anomalies up to 360 nT in Austria
(ibid.) and over 300 nT (>3 mOe) in
Hungary {HAAZ & KOMAROMY, 1967)
are observable. Thus, it should be
clear that intense positive magnetic
anomalies cannot be related to the
ophiolites which lie as thin nappes
above the Penninic sedimentary
sequences, on the contrary, they
must be connected with sources in
the bottom of the Penninic sedimen-
tary sequences.

Text-Fig. 7.

The gravity madeling profile P-Y and its in-
terpretation.

For location, see Text-Figs. 1 and 2 (Figs. 8
and 9 of BIELIK et al., 1986}).

A = Density model; | =Bouguer anomalies; If =
gravity effect of Tertiary sediments; Ili =
values from the gravity map; IV = calculated
gravity effect of the density model. 8 = Sche-
matic geological section.

1 = Tertiary sediments; 2 = crystalline schists;
3 = West Carpathian granitoid rocks; 4 = Me-
s0zoic of the Trangdanubian Range; 5 = Paieo-
zoic of the Transdarubian Range; 6 = “hasaltic
layer™; 7 = upper mantle; 8 = deep-seated
fault; 9 = fault.
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Text-Fig. 8.

Bouguer anomaly along the profile PWW,
For location, see Text-Figs. 1 and 2 {Fig. 3 of PoscH et al., 1989},

The question arises, what complexes underlie the
Penninic sediments in the present-day structure. The tra-
ditional answer is “continental crust” but it does not ex-
plain intense magnetic anomalies. The primary ocea-
ni¢ crustofthe Penninic basinin turn could be responsi-
ble for magnetic anomalies. The latter are restricted to the

area of the deep-seated high-density body, consequently,
their sources can be related to this body (the ragged ma-
gnetic anomaly pattern may reflect inhomogenous
magnetization of the high-density body). Increased
density of magnetic socurces would be in harmony with the
relation of them to the oceanic crust.
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0 . P T _\. ——
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= Fa " \c
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/W . M/(, o Rt A 7
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~1000 BASEMENT SEDIMENTS
=200 ' :
0 10 2 0 40 50 km
Text-Fig. 9.

Gravity distribution and calculated 2d-model along the profile WW.
For location, see Text-Figs. 1 and 2 (Fig. 5 of WaLacH & WeeEr, 1987).
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Text-Fig. 10.
Calculated two-dimensional gravity NW SE
effect along the new profile (A, for mGal mGal
location, see Text-Figs. 1 and 2) for . -
0.4 g/cm? density contrast on the Mo- 1A _
ho and fn{ \éariuusbsléapes of the in- i R
tra-crustal dense body (+0.2 g/cm3)
in its highest position and various ] [A /\ /.
density deficiencies of the sedimen- Y g’_ 0
tary fills of the East Styrian and North y 3 Nzt -
Zala basins. Gravity curves shifted to . @ B i
EoincFi‘de on the tap af tne Transdanu- 4 E a § L
ian Range gravity high, Vertical ex- 4 E .g Gravi ies p
aggeration of the depth model (B) 50— g " ¥ ravity anomalies =0
E:a:\pst'ions for the model (B); dashed i gﬁ g g E —~— ured -
; dashed = < M A
density deficiency diminished by i é '§ F=m=m calculated
D,|1 g/em? fﬁr theTEgst1Styrian Basin 1 3 = [~
relative to that in Table 1; dots = sama 1 i
diminished by 0.2 g/cm3; dash-dot =  |-100-] ?_, T ‘k{n. \ 1, .2(,)0 —-100
deficiency diminished by 0.1 g/cm3
for the North Zala Basin. The Alps -
0 ] B W ‘\,/ \-/_ 4]
o R Lx r N
5] [T TN T N e [ .5
The present-day 31 km ] e ~ X
thick crust of the Rechnitz ] [
area (PosGAY et al., 1991), -10~4 --10
however, cannot be of ocean- km
ic type as a whole, thus, the
NW SE only acceptable model of this
mGal mGal type is that in which a piece
. - of oceanic crustinthe bot-
1 A i tom of the Penninic sedimen-
1 [ tary sequence is incorporated
o ’ [~ E,_é Ao into the present-day contin-
J 3 \/ 3 s W_ ental crust.
4 A e 5% L In other words, an ophiolitic
. o E g | :§ o atics | complex of great thickness
. g Tavity ancmalies (>7 km in MK-1) can be as-
£ o
50 %5 % § 'E —~~~ measured [0 sumed which is detached from
A 9c§ B £ g s caloulated | its primary lithosphere and
] é :§ é 5 now is limited from-below tec-
i 0 & km 200 L tonically at >10-12 km depth.
-160-] ' B P B —=-100 This oceanic-inclusion mo-

KA

02

-15-

0.1

del would differ from the tradi-
tional concept of the Penninic
Nappe System first of all in
great thickness of the lat-
ter and in possible preserva-
tion of ophiclitic complexes
below the sediments.

Texti-Fig. 11.

Calculated two-dimensional gravity
effect along the new profile (A, for
location, see Text-Figs. 1 and 2) for
0.3 g/cm3 density contrast on the #o-
ho and various density excesses of the
intra-crustal body in its highest {B)
and a deepsr (C) position. Gravity
curves shifted to coincide on the top of
the Transdanubian Range gravity high.
Vertical exaggeration of the depth
models (B-C) 1: 5.
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Text-Fig. 12.

Calculated two-dimensional gravity
effect along the new profile {A, for
location, see Text-Figs. 1 and 2) for
0.3 g/cm? density contrast on the Mo-
ho and of the “mantle dikes".

No vertical exaggeration of the depth
model (B).

4.2. An lvrea-Type
Situation?
Along the northeast-south-
west oriented section of the

mGal

South Burgenland Sweil
North Zala Basin (

/fg?_g\\ 2
:

r~—~" measured |
e Calculated F

Western Alps, an intense 200 - 100
gravity highis traceable for e
more than 200 km (VEGGHIA, [0}
1968). On the basis of re- -
fraction seismic profiling it 4 ”_ Moho 3
was interpreted in terms i — 1
of doubled Moho (BER- 4 -
CKHEMER, 1968) connected -5 | .5
with an ancient subduc- Km km
tion zone (SCHMID et al.,
1987). This Ivrea zone (Text-Fig. 13)
agjfz:’a” follows the Insubric line from the
southeast and plunges beneath the
Alps un the west-east-directed sec-
tion of the line.
dsp In the sense of the southern bound-

— calculated

measured
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¥io
Z Ckm3

7
T¥0

$a227

HMaDEL
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40

ary of the Alpine metamorphism on the
surface, the Insubric fine countinues in
the D.A.V. line of the Eastern Alps
{Sassietal., 1978) which in turn can be
correlated with the Raba line of
Hungarian authors {KovAcs, 1983).
Consequently, the Insubric - DAV -
Raba line is traceable along the whole
of the Alps and even beyond them,

It is remarkable that after the long
and straight west-east-oriented sec-
tion (displaced by the young Giu-
dicaria strike slip) that line turns
towards the northeast, and on this
section, arranged quasi-symmet-
rically to the lvrea zone, another in-
tra-crustal high-density body appears
on the opposite, northwestern side of
the line {Text-Fig. 14) which can be
named “Mihalyi zone”.

Despite the obvious analogy in
maps, there are significant differences
in vertical sections of the Ivrea and Mi-
halyi zones. The thickness of the
crust is more than 50 km beneath
Ivrea and only 26 km beneath Mihalyi.
It should be clear, however, that this

Text-Fig. 13.

Model of e density structure of the lvrea
Zone.

After BERCKHEMER (1968).
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Text-Fig. 14.

Position of the Ivrea and Mihalyi zones in the general structure of the Alps after BALLA (1992).

Box in the West Carpathian area indicates frame of Text-Fig, 19,
Herb. I. = Hurbanovo line; RoZi. I. = RoZhava line.

difference is due to the different Neogene history of
the two regions, compressional in the Western Alps
and extensionalin the Danube - Rdba Basin, and can-
not be used as an argument against the correlation of ob-
viously pre-Neogene structures.

A problem of the correlation consists in what to think
about the mechanism which resulted in the present-
day reduced crustal thickness in the Mihalyi area.

On one hand, subcrustal erosion (ARTYUSHKOV & BAER,
1984) can bs imagined, and in that case loss of the
lower halfof the vrea structure due to removal will be an
explanation of the present-day Mihalyi structure,

On the other hand, crustal attenuation (ROYDEN &
DOVENYI, 1988} is also imaginable, and in this case hori-
zontal stretching of the Ivrea structure with no loss of
material will serve as a model for the present-day Mihalyi
structure.

in both cases significant differences in corresponding
gravity fields and models of the Ivrea and Mihalyi zones
are expectable, and chvious differences in vertical sec-

tions and gravity features are not necessary arguments
againstthe correlation.

4.3. Discussion

In the framework of the Alpine—Carpathian junction, in-
clusion of both a relatively thick fragment of the oceanic
crust or a promontory of the continental upper mantle
within the present-day continental crust seem to be
equally probable sources for both the gravity and
magnetic highs concerned above. In a wider aspect,
howevaer, the Ivrea — Mihalyi correlation along the Insubric
-D.A.V. — Raba Line appears to be more ¢convincing.

Doubts may be connected with specific gravity features
of the Pannonian Basin. According to BIELIK's (1988) in-
vestigation, all the deep basins of the Carpatho-Panno-
nian region reveal residual gravity highs after re-
moval of the gravity effect of the sedimentary fill. This con-
cerns the gravity field of the Danube - Raba Basin as well,
thus, in some profiles (K-1, MK-1 and New?) contribution

of Neogene “mantle

-y

dikes” to the intra-crustal
dense masses below the
deep basin axes cannot be
excluded. We do not ima-
gine, however, any msethod

Text-Fig. 15.

Dextral strike slips assumed on
the basts of the present structural
3 pattern of the Gemericum {Fig. 32

of BALLA, 1989b).

For location, see Text-Fig. 14.

1-2 = areas of the Gemericum
{earlier name: Gemeric Paleo-
z0ic): 1 = exposed; 2 = covered; 3
= boundary of exposed areas; 4-6
= boundary of the Gemericum: 4 =

m1 MZ T3 exposed {overthrust}); 5 = covered
{overthrust or of uncertain type);
Pl B -G & = along axes of magnetic ano-

malies {strike-slip).
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Text-Fig. 16.

Present-day {A) and Late Eocene (B) configuration of the East and South Alpine, West Carpathian and North Pannonian domains (Figs. 3A and 90 of
BaLLA; 1989¢). Note how much the East Alpine and West Garpathian domains are shortened in the reconstruction, i.e., how mugh squeezing out of
them is needed to achieve the present-day confipuration.
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km

Text-Fig. 17.

Ag-h diagram of the profile MK-1 (Fig. 9 of BaLLa et al., 1991).
Figures at dots = km scale of Text-Fig. 3; in circles = serial numbers
of slopes: horizontal lines with figures = straights to construct
Text-Fig. 4; depth indicated.

for distinction between the “mantle dikes” and lvrea-type
bodies of the area studied and pass over to the discussion
of the Ivrea-type body.

If the correlation of the Mihalyi and Ivrea zones (Text-
Fig. 14) is valid it would be explainable in terms of a
>400 km dextral strike slip on the west-east-
directed section of the Insubric ~ D.A.V. - Raba line which
had crossed the Ivrea — Mihalyi zone at a very small
anglein a situation prior to the displacement. The direc-
tion of the strike slipis op positetothat postulated inthe
model of the escaping-to-the-east Transdanubian Range
{“Bakony”} unit (KAZMER & KOVACS, 1985) butis consist-
ent with the situation outlined for the eastern continu-
ation of the Hurbanovo line (Text-Fig. 15).

The dextral strike slip in Text-Figs. 14-15 does not
necessarily contradict the escape model in which a sinis-
tral strike slip is needed between the area of Salzburg and
the eastern Transdanubian Range (KAzMER & KOVACS,
1985}, not between the latter and the West Carpathians. A
kinematic analysis (BALLA, 1988a, 1989a) revealed that the
escape had to be accompanied by squeezing out of the
East Alpine and West Carpathian domains and by their
movement 10 the east relative to Europe (Text-Fig. 16), i.e.
these domains moved in the same direction as the Trans-
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danubian Range. As a consequence, the displacement on
the Insubric — Raba line between the Alpine-Carpathian
and Transdanubian domains diminishes towards the east
due to lengthening of the Eastern Alps, and there are no
constraints in the frame of the escape model on the move-
ment of the West Carpathians relative to the Transdanub-
ian Range.

If the West Carpathians were displaced towards the east
more than the Transdanubian Rangs, the resulting move-
ment between them would be of dextral sense, and the
situation in Text-Fig. 15 would fit in the picture. That would
only mean that the movement picture during the escape
was much more complicated than it was primarily sup-
posed (KAZMER & KovaAcs, 1985), first of all due to strong
deformation of the East Alpine and West Carpathian do-
mains in the course of the escape (BALLA, 1988a). If the
West Alpine domains also moved towards the west during
the sgueezing out, the present-day >400 km displace-
ment between the lvrea and Mihalyi Zones would reflect
increase of the distance between the Western Alps and the
West Carpathians due to lengthening, not a rigid strike-
slip.

In the east, the closure of the Mihalyi Zone at the Kolaro-
vo high is not confirmed. The gravity step 60 km east of



Text-Fig. 18.

Calcuiated two-dimensional grav-
ity effect of the Moho topography
alang the new profile (for location,
see Text-Figs. 1 and 2) for various
values of the density contrast.
“Measured” valves taken from
SCHEFFER 1957 (first 45 km), Wa-
LACH & ZvCH 1988 {Austria), Szago
& SArHIDAI (1985, Hungary), base-
ment topography, from KROLL
(1988, Austria), KILENY! & SEFARA
(1991, Hungary), Moho topogra-
phy, from Poscay et al. {1991).
Gravity curves (A) shitted to coin-
cide in a point above the Alpine root
gravity slope. No vertical exaggera-
tion of the depth model (B).

Koiarovo was interpreted in
terms of stratigraphic and li-
thologic differences on the
continuation of the Hurba-
novo line (BatLa et al.,
1978), but the step (eleva-
tion by 9 mGal on the north-
ern side of the line) equally
might be interpreted as the
continuation of the Mihdlyi
zone. The further continu-
ation of the same tectonic
zong is marked by intense
magnetic anomalies which

Gravity anomialies
- measured
1 — calculated

o
B L
__--——"-—"'-_—-—_—_
[ 50
km

Gravity anomalies

—— easured |
e galcutated

.5

enter into the area of the
Meliata Formation (mainly
south of the RoZiava line
in  Text-Fig. 14; BALLA,
1989b).

The Ivrea structure can
be regarded to be a colli-
sion zone (closure of the
Penninic ocean) of Middle
Cretaceous age. In Alpine
geology, there are usually
no doubts about correla-
tion of the Rechnitz se-
quences with the Penninic
ones and about Middle
Cretaceous age of the first
orogeny (PaHR, 1980, 1984,
KOLLER, 1985; KOLLER &
HOcK, 1287). On the other
hand, the Late Jurassic

Text-Fig. 19,

Galculated two-dimensional grav-
ity effect along the new profile (A,
for location, see Texi-Figs. 1 and
2} for various values of the den-
sity contrast on the Moho and for
the densities in Table 1.

Gravity curves shitted to coincide
on the top of the Transdanubian
Range gravity high. Yertical exag-
geration of the depth model (B)
1:10.
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Text-Fig. 20.

Calculated two-dimensional gray-
ity effect aiong the new profite (A,
for location, see Text-Figs. 1 and .
2) for 0.4 gfcm? density contrast
on the Maoho.

1 = for initial deficiency of sedi-
ment densities (Table 1); 2 = for ]
those diminished by 0.1 g/cm? in -
the East Styrian Basin. .

mGal

y

Gravity curves shifted to coincide o
on the top of the gravity high be-
tween the East Styrian Basin and
the Alpine root gravily slope.

Vertical exaggeration of the depth 1
model {B)Y1: 5. -

East Styrian
Basin

=
E/

Gravity anomalies |
e measured |

Transdanubian R

.
21... ~ = calculated -

North Zala Basin g

| South Burgeniand Swell

-8

200 ]
I

-
o

closure of
Ocean seems to be more or
less clear {BaLLa, 1988b),
The geological relation-

4] e 4]
the Meliata 1B ~ '

ships between the prob-

ably Eo-Alpine Mibdlyi zone with the Late Cim-
merian Meliata collision structure wait for elucidation in
the future.

5. Conclusions

Geological interpretation of gravity data has revealed a
formerly unknown feature in the comparatively well stud-
ied area of the Alpine-Carpathian junction, i.e. an intra-
crustal density anomaly which is traceable for more than
200 km in all three countries. This fact demonstrates the
necessity of more extensive use of geophysical data in
geological investigation,

The density anomaly may be interpreted in various
ways, nevertheless, an analog of the lvrea structure,
strongly modified by Neogene extension and subsidence
processes, seems to be most probable. This interpreta-
tion is consistent with the idea of squeezing out of the Al-
pine domains during the Late Eocene continent-continent
collision and raises the problem of spatial and structural
relationships between the Eo-Alpine Penninic (Eastern
Alps) and Late Cimmerian Meliata (Inner West Carpa-
thians) collision structures.

. Appendix 1
Brief Description of Gravity Modeling
Along the Seismic Profile MK-1

Depths to the basement and Bouguer values from each km of
the section were taken and plotted on the cross-plot (Text-Fig.
17}, However, in contrast with the usual procedures of statistical
evaluationwe linked dots withlines sequentiallyasthey
follow each other along the seismic profile. Numbers in circles
indicate slopes in Text-Fig. 3 and corresponding curve sections
in text-Fig. 17. As seen, each of the slopes 1-5 displaya normal
path,i.e. increase of the Bouguer anomaly with decrease of the
depths, whereas the sequence of these slopes displays a per-
manentincrease of the regional gravity field towards
the southeast. The path on Text-Fig. 17 turns to be abnormal
between points 62 and 80, then slopes 6 and 7 together display a
normal path, and disturbances between thern probably reflect su-
perficial lithological inhomogeneitias.
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If we cross the curve in Text-Fig. 17 by a series of horizontal
lines, the distances in mGal between the neighbouring slopes will
reflect a change in the regional gravity field. Sections of horizontal
lines across the middle of slopes indicated in Fig. 17 were used to
llustrate residual anomaly paths which correspond to the
regional field (Text-Fig. 4). This path was constructed by shift-
ing all lines to the same 2.6 km depth b.s.L

Appendix 2
Description of Gravity Modeling
along a New Profile
across the South Burgenland Swell

The two-dimensional gravity effect of the Moho tepography
{Text-Fig. 18) strongly depends on the density excess of the mas-
ses below the Moho. The corresponding curve is as steep as the
gravity slope of the Alpine root at values of 0.8 g/cm?3 and higher
whereas values >0.4 g/cm? are in reality unacceptable. Conse-
quently, the gravity slope in question is too steep and seems to
need intra-crustal dense masses,

We constructed a simple density model for the East Styrian ba-
sin using density distribution within the sedimentary fill of the
Danube-R4ba Basin (Table 1) and accepting 2.67 g/cm? for the
density of the basement. A series of gravity curves calculated for
various density contrasts on the Moho have been shifted to coin-
cide on the top of the gravity high of the Transdanubian Range
({Text-Fig. 19).

It is remarkable that the gravity low southeast of Lake Balaton is
best reproducible at a density contrast of 0.2 g/cm? or less {the
small high inside the gravity low is due to the lateral effect of a
basement high west of the profile, comp. Text-Figs. 1and 2, thus,
can he abandoned). This value was used in calculations for the
sections MK-1 (Text-Fig. 5) and K-4 {Text-Fig. 6). At the same
time, the gravity slope related to the Alpine root, again, requires at
least 0.6 g/cm?® density contrast on the Moho. Consequently,
there is no possibility to relate even the most principal features of
the gravity profile to the topography of the Moho surface with a
uniform gravity contrast on it.

Alook at the gravity curves (Text-Fig. 19) reveals that the gravity
field of the North Zala and East Styrian Basin area is too low relat-
ive to that of the Transdanubian Range, the difference increasing
with increase of the density contrast on the Moho. Equalization
would be possible by an effect from dense masses below the
North Zala and East Styrian Basin area. The location of the west-
ern boundary of these masses seems 1o depend on the Moho
gravity contrast, whereas the location of the corresponding east-
ern boundary may be independent of this contrast. Moho density



contrasts of 0.3-0.4 g/cm?3 only seem to be acceptable in model-
ing.

Prior to further modeling we check the density distribution with-
in the East Styrian Basin by shifting the gravity curve for 0.4 g/cm?
density contrast on the Moheo onto the gravity high west of the
East Styrian Basin (Text-Fig. 20). We can conclude that the grav-
ity slope between the Basin and the South Burgenland Swell is
too high, i.e. it seems reasonable to diminish it by decreasing the
density conirast between the sediments and the basement. 1t
may equally mean increasing of sediment densities (Table 1, Text-
Fig. 20), e.g. due to the presence of volcanic rocks in the se-
quence, of decrease of basement density due to the presence of
low-metamorphic rocks (basement density 2.67 g/cm?® wouid
mean granite or gneiss). Now we are ready 1o start modeling of
intra-crustal dense masses.

In the first step we placed a brick-like body with 0.2 g/cm?®den-
sity excess immediately below the deepest point of the section
and selected its appropriate height and width to fit the gravity
anomaly with the Alpine root slope and with the Transdanubian
Range high (Text-Fig. 10, continuous line), then modified its topo-
graphy (dashed line) to improve the fit above internal areas of the
body. A remarkable negative correlation between the topography
obtained and the basement topography forced us to check sedi-
ment densities.

An attempt of further decrease of the sediment/basement den-
sity contrast in the East Styrian Basin by 0.1 g/cm3 has resulted in
positive correlation between the basement topography and the
topography of the top of the high-density body (dotted ling). A
similar result has been obtained for the decrease of the se-
diment/basement density contrast in the North Zala Basin by 0.1
g/cm? {dot-dash line). Consequently, the topography of the high-
density body is highly sensitive to the sediment/basement den-
sity contrast and cannot be defined precisely without precise da-
ta on densities, That is why in the course of further modeling we
only tried to reveal principal features.

The selection of 0.3 gfom? for density contrast on the Moho and
increased by 0.1 g/cm?® sediment/basement density contrast in
the East Styrian Basin has not significantly changed the topo-
graphy of the high-density body (Text-Fig. 11B, continuous line).
Increase of the density excess from 0.2 to 0.3 g/cm? {dashed line)
smooths, and its decrease from 0.2 to 0.1 g/cm?3 {dotted line)
more dismembers topography of the high-density body,

Pushing down the whole body results in more contrasting topo-
graphy (Text-Fig. 11C}, and this fact induces an idea that the high-
density body may be replaced by three vertical plates. Gravity
modeling confirmed the possibility of this replacement (Text-
Fig. 12) which, however, obviously highly depends on the se-
diment/basement density contrast.
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