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Geophysical results of the multinational DANREG project
Preface

Laszl6 NEMESI*, Jozef Hricko™*, Wolfgang Seiber 1**

The Earth Science Departments of the Academy of Sciences of Slovakia
and that of Hungary proposed in 1989 to unify the geological and geophysical
results along the border. The reason was that the term ‘country border’ has
no geological meaning; at the same time the existing geological and geophysi-
cal maps were full of contradictions along the border. To illustrate these
contradictions two examples have been chosen from the most recent results.
The first one is the contour map of the pre-Tertiary basement; the respective
national geological institutes of the two countries published this map in both
countries in 1987. If one attempts to copy these two maps together it becomes
obvious even without knowing the legend (Fig. 1) that neither the formation
boundaries nor the tectonic and contour lines of the basement are continuous
across the border. The reason is-basically the lack of data, insufficiency of
wells and geophysical investigations, and negligence of the synthesis of
geological and geophysical results. The outcome is very similar if geophysical
maps published earlier are considered. In Fig. 2 the magnetic maps copied
together can be seen. In spite of the almost equal station density, lack of
connection between the reference levels (base stations), adjustment of air-
borne and ground measurements causes differences even within the same
country.

* E&tvos Lorand Geophysical Institute of Hungary (ELGI)
H-1145 Budapest, Kolumbusz u. 17-23, Hungary

** GEOCOMPLEX a.s., 82207 Bratislava, Geologicka 21, Slovakia
***Geologische Bundesanstalt, 1031 Wien, Rasumofskygasse 23, Austria
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In addition to the scientific issues the contradictions in geological and
geophysical knowledge give rise to problems in everyday life, too. Among
the examples one might mention are management of raw material deposits,
surface and underground water reserves, thermal water, matters dealing with
the seismic safety of large-scale constructions (e.g. nuclear power plants,
barrage systems), etc.

The DANREG project was launched in 1990 when the geological
institute of Slovakia (Geologicky Ustav Dionyza Stura, GUDS) and the
Central Office of Geology (KFH) of Hungary signed an agreement. The work
started at the western third of the common border. The Geological Survey
of the western neighbour of both countries, Austria (Geologische Bundesan-
stalt, GBA), also joined the project in the same year. Thus, the investigations
carried out by the three countries covered an area of 20,000 km2, shown in
Fig. 3. Several geological and geophysical teams were formed, with members
from different institutions in all the three countries, possessing data and
knowledge in a specific field. On the basis of the original programme the
Coordinating Board expected only a gravity Bouguer-map, a magnetic map
and a ‘geoelectric’ map from the geophysicists. The geophysical teams came
to the conclusion, however, within a short time after collecting the data in
the first years, connecting the base stations with measurements and estab-
lishing common databases that there was lack of data in many areas. One of
the largest underground fresh water reservoirs in Europe, the detrital cone
of 3000 km2 lateral extension was, for example, hardly known vertically
(only a dozen wells penetrated the detrital cone of Quaternary age). The
situation was by no means better concerning the location and connections of
the structural line separating the European and African plates (the Réba-Hur-
banovo-Di6sjend line), or the nature of the Mur-Mirz line running along
the western edge of the Vienna Basin (strike-slip, subduction zone?). In the
framework of the DANREG project a certain amount of funding became
available in all three countries enabling this insufficiency in knowledge to be
reduced by means of geophysical measurements, as a consequence of which
unforeseen results also were achieved. From the scientific point of view the
most significant of them is probably the new knowledge about the crust and
mantle structure deduced from the integrated interpretation of gravity,
magnetic, seismic and magnetotelluric measurements. According to this,
beneath the 8 km deep Neogene basin lying between Bratislava and Gydr the
crust is thinner and the asthenosphere is supposedly elevated (mantle plume).
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Fig. 1. Parts of the pre-Tertiary maps of Slovakia and Hungary, scale 1:500 000, copied to-
gether. Original titles of the maps: Slovak part: Tectonic map of basement of Tertiary
[O. Fusan 1987], Hungarian part: Geological map of Hungary without Cenozoic sediments
. Fulep, V. Dank 1987]

1. abra. Egymas mellé masolt részletek Szlovakia és Magyarorszag 1:500 000 méretaranyu pre-
tender foldtani térképébdl. A térképek eredeti cimei: szlovak rész: Tectonic map of basement
of Tertiary [O. Fusan 1987], magyar rész: Geological map of Hungary without Cenozoic sedi-
ments [J. Fulép, V. Dank 1987]






Fig. 2. Parts of the magnetic anomaly maps of Slovakia and Hungary, scale 1:500 000, copied
together
2. abra. Egymas mellé masolt részletek Szlovakia és Magyarorszag 1:500 000 méretaranyu
magneses anomalia térképeibdl
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In our opinion, based on these results, a brief summary of this coopera-
tive effort is well worth publishing and —even independently of the novelties
— the conclusion can be drawn that unification of geoscience data along the
border and their common interpretation are of great importance.

More than 30 geophysicists from the three countries took part in the
project; as a form of acknowledgement they are listed below. Without their
exemplary professionalism, their willingness to cooperate, and their exem-
plary self-effacement these results could not have been achieved.

The scientists themselves wish to express here their thanks to their
respective ministries, various higher authorities, institutions and numerous
colleagues for their whole-hearted collaboration and for their devoted work.

Those taking part in the geophysical investigations ofthe DANREG project

In Slovakia the work started under the supervision of Dusan Obernauer,
it continued with the guidance of Peter Dzuppa, and it was completed under
the leadership of Jozef Hricko. All the above were deputy directors of
Geofyzika Bratislava, and then its legal successor, GEOCOMPLEX a. s.,
Bratislava. In Austria, Wolfgang Seiber1 Chief Geophysicist of the GBA
and geophysics professor at Vienna University supervised the work. In
Hungary L&szI6 Nemesi, Senior Research Officer of the Edtvds Lorénd
Geophysical Institute of Hungary directed the work.

The Gravity Team used data of OMV, Vienna University and Leoben
University in Austria; B. MEURERStook part in construction of the unified
map. In Slovakia, J. Sefara, T. Grand, J. Mikuska, V. Szalaiova and
M. Piovarci worked on the project, using the data of Geofyzika Bratislava
and Geofyzika Brno. In Hungary, Z. Szabé, S. Kovacsvélgyi, Z. Pancsics,
G. Csapo, L. Schenviszky worked on the project, using the database of
ELGI.

The Magnetic Team worked under the guidance of Professor W. Seiber1
Working on the project in Austria G. Oberlercher and R. Arndt were using
the data of GBA, in Slovakia, M. Filo, P. Kubes, using the data of Geofyzika
Bratislava, in Hungary, S. Kovacsvélgyi, L. Schénviszky and Z. Pancsics,
using the data of ELGI.

In the investigation programme of Quaternary formations were
H. Tkacova, S. Medo and P. Hiadik in Slovakia, using the data of
GEOCOMPLEX, and P. Draskovits, J. Dudas, J. HOBOTand L. S6REsin
Hungary, using the data of ELGI.
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In investigations of base Pannonian (Pliocene), pre-Tertiary basement,
structure of crust and mantle J. Sefara and I. Hrusecky took part in
Slovakia, using the data of Geofyzika Bratislava, Geofyzika Brno and the
reprocessed seismic data of the MAXUS company.

In Hungary, data of OKGT and ELGI provided the basis and the GEOS
Economic Cooperative and ELGI constructed the maps. Starting from these
and using more recent data of ELGI L. Nemesi, Z. Szabo, Zs. Szeidovitz
G. Varga, S. Kovacsvalgyi and Z. Pancsics constructed new maps. From
the Austrian side W. Seiberl and R. Arndt took part in the common

interpretation.
Lé&szl6 Vers reviewed the maps and the text and he translated the bulk
of the latter into English. Oszkar Adam was the other reviewer. The authors

wish herewith to extend grateful thanks to them.

A nemzetkdzi DANREG program geofizikai kutatési eredményei
El6sz6

Nemesi Laszl0, Jozef Hricko, Wolfgang Seiberl

A szlovak és a magyar tudomanyos akadémiak foldtudomanyi osztalyai 1989-ben vetették
fel a hatarmenti foldtani, geofizikai eredmények dsszedolgozasanak igényét. A geologiai egységek
ugyanis nem ismerik az orszaghatar fogalmat, a meglév6é geolodgiai, geofizikai térképek az
orszaghatarokon tele voltak ellentmondasokkal. Ennek illusztralasara kivalasztottuk egyrészt a
legUjabb kutatasi eredmények koziil: a pre-tercier aljzat térképeket, amelyek mindkét orszagban
1987-ben jelentek meg az allami geoldgiai intézetek kiadasaban. A két térképiét egymas mellé
masolva jelmagyardzatok nélkdl is lathatdo (1. abra), hogy az orszaghatar mentén sem a
képz6dmény-hatarok, sem a tektonikai vonalak, sem a medence mélysége nem egyeznek. Az ok
lényegében az adathiany, a mélyfarasok és a geofizikai kutatdsok hidnyossagai és a
geologiai-geofizikai kutatasi eredmények szintézisének hidnya. Masrészt teljesen hasonl6 ered-
ményre jutunk, ha a nyomtatasban korabban megjelent geofizikai térképeket nézziik. A 2. dbran
az egymas mellé masolt magneses térképeket latjuk. Itt a kozel egyenletes felmérés ellenére az
alapszintek (a bazisok) dsszemérésének, a légi és a foldi mérések egymasba val6 atszamitasanak
hianya okozza a kiilonbségeket még egy orszagon belll is.

A fdldtani-geofizikai ismeretek ellentmondasai gondot jelentenek a tudomanyos szempon-
tokon tdl a mindennapi élet problémainal: a hatarmenti nyersanyagleléhelyekkel, a felszini és
felszin alatti vizbazisokkal, a termalvizzel val6 gazdalkodassal, a foldtani kdrnyezetvédelemmel,
a nagy létesitmények (atomerémivek, vizilépcs6k) féldrengésbiztonsagi kérdéseivel kapcsolatban,
sth.

A DANREG program 1990-ben a szlovak féldtani intézet (Geologicky Ustav Dionyza Stra,
GUDS) és a magyar Kozponti Féldtani Hivatal (KFH) kozott létrejott megéllapodassal vette






Fig. 3. Location map of the DANREG survey area
3. abra. A DANREG kutatasi teriilet helyszinrajza
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kezdetét. A munka a kdzds hatar Ny-i szakaszan kezdédott. A programhoz még abban az évben
csatlakozott mindkét orszag szomszédja, Ausztria allami geoldgiai szolgalata, a Geologische
Bundesanstalt (GBA) is. Az igy harom orszagra kiterjed6 munka a 3. abran lathaté 20 000 km2-nyi
terllettel foglalkozik. Kiilonbdz8 geoldgiai és geofizikai munkabizottsagok alakultak, amelyekbe
mindharom orszagbol belekeriiltek azok a sokszor mas-mas intézményekhez tartoz6 kutatok, akik
egy-egy témakdrben adatokkal, ismeretanyaggal rendelkeztek. Az eredeti program szerint a
geofizikusoktol egy gravitaciés Bouguer-anomalia, egy foldmagneses és egy “geoelektromos”
térképet vart a koordinaciés bizottsdg. A geofizikai munkacsoportok az els6 évek adatgydjtése,
bazisok 0sszemérése és a kdzds szamitogépes adatbazisok létrehozasa utdn megallapitottak, hogy
egy sor teriileten adathiany van. Példaul a mintegy 3000 km2 horizontalis kiterjedésdi nagy
hordalékkup, amely Eurdpa egyik legnagyobb felszin alatti édesviz-készletét tartalmazza, vertikali-
san alig ismert (minddssze tucatnyi faras harantolta csak a kvarter kord képz6dményt). De nem
voltjobb a helyzet az eurdpai és afrikai mikrolemezt elvalasztd nagyszerkezeti vonalak (Raba-Ilur-
banovo-Didsjend vonalak) lefutasardl és kapcsolataikrol, vagy a Bécsi-medence Ny-i hatarvonalan
futd Mur-Mirz vonal természetérél (oldaleltolodas, szubdukcié?) alkotott képet illet6en sem. A
DANREG program keretében mindharom orszagban sikeriilt tobb-kevesebb pénzt biztositani ezen
ismerethianyok geofizikai mérésekkel torténd csokkentésére és igy elére nem tervezhet6 ered-
meények is szilettek. Ezek kdziil tudomanyos szempontbol alighanem a legérdekesebb a gravitacios,
foldmagneses, szeizmikus, magnetotellurikus mérések integralt értelmezéséb6l szarmazéd
kéreg-kopeny-szerkezeti 0j ismeret, amely szerint a Pozsony-Gyé&r kozoétt elteriild 8 km mély
neogén medence alatt kéregkivékonyodas (kopenydiapir) és valdszin(ileg asztenoszféra kie-
melkedés is bizonyithatd.

Mindezek alapjan gy érezziik, hogy ez az egylttm{ikddés sok olyan eredményt hozott, ami
kozlésre érdemes és az eredményektdl fuggetlenil is ravilagit a hatdrmenti adatok egyesitésének,
koz06s értelmezésének fontossagara.

A munkaban tébb mint 30 (kés6bb név szerint is felsorolt) geofizikus vett részt a harom
orszaghol, akik kozott példas onzetlenség és egyittmiikddési készség alakult ki, amely nélkil ezek
az eredmények nem sziilethettek volna meg.

A kutaték ezen a helyen kdszénik meg minisztériumaiknak, f6hatdsagaiknak, intézményeik-
nek, és a technikai kivitelezéshen még kdzrem(ik6dd szamos kollegajuknak segit6 tAmogatasukat
és aldozatos munkajukat.

A DANREG geofizikai kutatasi programjaban kozrem(ik6dd kutatok

Szlovakiaban Dusan Obernauer vezetése alatt indult a munka, Peter Dzuppa iranyitasaval
folytatddott, majd Jozef Hricko vezetése alatt fejez&dott be a program. Valamennyien a Geofyzika
Bratislava, majd jogutodjanak, a GEOCOMPLEX-nek igazgatohelyettesei voltak. Ausztridban
Wolfgang Seiberl a GBA f6geofizikusa, az UNIWIEN geofizika professzora irdnyitotta a
munkéakat. Magyarorszdgon Nemesi Laszl6 az ELGI tudomanyos fémunkatarsa volt a téma
vezetbje.

A gravitaciés munkacsoport Ausztridban az OMV, az UNIWIEN és a Leobeni Egyetem
mérési anyagat hasznalta fel. A kozos térkép el6allitasdban B. Meurers vett részt. Szlovakiaban
a Geofyzika Bratislava és a Geofyzika Brno mérési anyagainak felhasznalasaval J. Sefara,
T. Grand, J. MikuSka, V. Szalaiova, M. Piovarci dolgozott. Magyarorszagon Szabo Z.,
Kovacsvolgyi S., Pancsics Z., Csapé G., Schénviszky L. az ELGI mérési anyagainak
felhasznalasaval dolgozott.

A foldmagneses munkacsoport W. Seiberl professzor iranyitasa alatt mikddott. Osztrak
részr6l a GBA mérési anyagan G. Oberlercher és R. Arndt, szlovak részr6l a Geofyzika
Bratislava mérési anyagan M. Filo és P. KubeS, magyar részr6l az ELGI mérési anyagan
Kovéacsvélgyi S., Schénviszky L. és Pancsics Z. dolgozott.
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A kvarter koru képz6dmények kutatasi programjaban szlovak részr6l a GEOCOMPLEX
mérési anyagan H. Tkacova, S. Medo, P. Hladik, magyar részr6l, az ELG1 mérési anyagan
Draskovits P., Dudas J., Hobot J., Sérés L. dolgozott.

A pannon (pliocén) fekii, a pre-tercier aljzat, a kéreg- és kopenyszerkezeti vizsgalatokban
szlovak részr6l a Geofyzika Bratislava, a Geofyzika Brno mérési anyagan a MAXUS cég
szeizmikus Ujrafeldolgozasait is felhasznalva J. Sefara, |. Hrusecky vett részt. Magyar részrél
az OKGT és az ELGI mérései szolgaltattak az alapot, amelyekb6l a GEOS GMK és az ELGI
szerkesztett térképeket. Ezekb6l kiindulva és az ELGI Gjabb mérési eredményeit felhasznalva
Nemesi L., Szab6 Z., Szeidovitz Zs., Varga G., Kovacsvélgyi S., Pancsics Z. szerkesztett
Gjabb térképeket. Osztrak részr6l W. Seiberl és R. Arndt vett részt a kdzos értelmezésben.

Az elkésziilt térképeket és szdveges anyagot Vers Laszlo lektoralta és jelentds részét angolra
is ¢ forditotta, masik lektorunk Adam Oszkar volt, akiknek a szerzék kilon is kdszonetét
mondanak.
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Gravity maps — border zone of Austria, Slovakia and
Hungary

Jan Sefara*and Zoltdn Szabo**

New series of gravity maps have been constructed for the DANREG area.

After connecting the national gravity networks and establishing common databases of
measurements a Bouguer anomaly map was constructed in an absolute gravity system. To calculate
the normal field the WGS-80 system was used. The Adriatic sea level was taken as height datum,
and a density of 2670 kg/m3was chosen for Bouguer and terrain corrections.

Although the Bouguer anomaly map reveals the large Neogene basins and the ridges in the
basement surrounding or separating them the gravity values are not linearly proportional to the
depth of the basins. To separate the effects of density inhomogeneities within the sediments and
the basement from those of structural changes three different versions of filtered maps have been
constructed as well as a stripped Bouguer anomaly and a lineament map. One of the most interesting
anomalies having its source within the basement (anomaly at Kolarovo) was investigated by model

calculations as well.

Keywords: gravity, Bouguer anomalies, stripped gravity map, density, lineament, DANREG

1. Bouguer anomaly map

One of the main topics of the DANREG project was the construction of
a unified Bouguer anomaly map for the project area. Since the area forms a

* Comenius University, 84215 Bratislava, Mlynska dolina, pav. 6., Slovakia

** E@tvos Lorand Geophysical Institute of Hungary (ELGI),
H-1145 Budapest, Kolumbusz u. 17-23, Hungary

Manuscript received: 20 December, 1996
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part of three different countries, the first step was to review the state of the
art of the respective gravity base networks and surveys.

The gravity values that are available can be regarded reliable since the
early 1950s. Each country had some sort of a national Bouguer anomaly map,
but as their parameters were different from each other the national maps did
not match along the borders. Since the Bouguer anomalies referred to
different datums and Bouguer- and terrain-corrections were calculated by
means of different densities, we had to go back to the basic data and set up
a common gravity data set containing the co-ordinates, elevations, observed
gravity (converted to a common gravity system) and terrain correction of
each gravity station.

We started by checking the national gravity base networks. At the time
of the measurement of the first gravity networks it was standard procedure
to link the national fundamental gravity station directly to Potsdam. In that
time each national gravity network was based on one fundamental point, the
possible distortions of the networks cannot be excluded. To improve the
accuracy of the networks, interconnecting measurements were carried out
between the gravity networks of the neighbouring countries.

These interconnecting observations between Slovakia and Hungary were
carried out formerly in the framework of cooperation between the socialist
countries. The gravity networks of the socialist countries were based on the
corrected Potsdam gravity datum of 1971, later converted to an absolute
system [Csapo et al. 1995]. Different was the case with Austria: although
the Austrian network was based on the IGSN-71 system, using the same
corrected Potsdam value and was converted recently to an absolute system,
there were no interconnecting gravity measurements between the neighbour-
ing countries, so they had to be carried out in the framework of the DANREG
project [Csapo et al. 1993].

Though the interconnecting measurements between Austria and Hungary
revealed a 40 pGal discrepancy between the datums of the two national gravity
networks, this difference practically did not interfere with the construction
of a unified Bouguer anomaly map. Similar measurements were carried out
along the Austrian-Slovakian border.

A further problem was that a significant part of the Austrian gravity data,
obtained by OMV, was observed in a local gravity network. These data had
to be converted to the Austrian national gravity system. The conversion was
done by B. Meurers.
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The unification of the height systems meant no problem because the
difference between the Adriatic system used by Austria and the Baltic one
used by Hungary and Slovakia is a constant value:

H Adriatic- ~Baltic T 0.675 m

The gravity experts of the three participating countries decided to use
the following parameters for the unified Bouguer anomaly map:
Gravity system: absolute
Normal gravity: WGS-80
Height system: Adriatic
Density: 2670 kg/m3

Contouring of the map was done by a computer program developed by
ELGI. The randomly distributed anomaly data were interpolated to an 800 m
grid by spline interpolation and this 800 x 800 m grid furnished the input for
the contouring program. The final version of the Bouguer anomaly map is
presented in a reduced scale in Fig. 1.

With regard to the accuracy of the Bouguer anomaly map the estimated
error of £0.35 mGal was determined for the Slovakian part by Molodensky’s
method [Sefara 1978]. Since the accuracy of measurements and the deter-
mination of corrections are comparable in all three countries, the standard
error of the map depends only on the density of measurements. Based on the
actual station/km2point distribution the overall accuracy of the unified map
is estimated to be +0.8-1.0 mGal. This is the limit to be taken into account
in model calculations.

The station coverage of the region is far from uniform. The density and
distribution of gravity stations show gross variations in the project area, thus
influencing the accuracy and quality of certain parts of the map.

The Bouguer anomaly map reflects the gravity effect of all subsurface
geological bodies. The anomalies are sharper and variable and have high
gradients on those parts of the area where the older rocks, forming the
basement, are on or near the surface, i.e. in the western and eastern parts of
the region. In the central part where the basement deepens to 7000-8000 m,
the anomalies are flat and have low gradients due to the masking effect of
the thick sedimentary cover.
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2. Aspects of gravity interpretation

The objective of the interpretation of gravity maps is to deduce the
geological build-up of the subsurface from the anomalies of the gravity field.
All gravity anomalies originate from horizontal density variations. Ifthe earth
were built up by layers of horizontally uniform density, there would be no
gravity anomalies even if vertical variation in density exists.

Since the Bouguer anomaly map reflects the integrated effect of subsur-
face masses, the anomaly map is a complex image of subsurface geology;
however, in special cases single sources can be identified. This means that
the interpretation can never provide an unambiguous answer to a given
geological problem because there is no single mathematical solution to the
determination of the sources of anomalies. Generally, sharp anomalies are
caused by near-surface sources and broader anomalies by deep ones.

The crucial point of gravity interpretation is to separate the effects of
different sources. This is a difficult task and needs the skill of the interpreter
to choose the most convenient procedure and parameters.

In order to separate different elements, many procedures are known —
from manual ‘smoothing’ to the more sophisticated computer-based filtering
techniques. The common aim in all procedures is to emphasize certain
elements and to suppress others, depending on the target of investigation.

As a result of anomaly separation we can speak about regional, residual
and derivative maps. But the designation of ‘regional’ is also subjective,
referring to broad anomalies with sources normally deeper than the target of
prospecting. To differentiate between residual and derivative maps is also
complicated, but important because the residual maps reflect the gravity effect
of local sources relatively near to the surface and the derivative maps reflect
the gradient of the gravity field. Residual anomaly maps reflect the gravity
effect of near-surface bodies, whereas derivative maps enhance the zones of
maximum gravity variations which in most cases indicate the existence of
structural lines with density contrast across them.

The resolution of a gravity survey depends on the measurement spacing
but decreases with increasing depth of source no matter how accurately we
know the gravity field.

Filtering techniques are very sensitive to the size of the applied filter.
With the combination of the matrix elements and the size of the filter, many
map variations can be produced. The proper designation of the resulting
maps, however, depends very much on the skill of the interpreter not to
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mention the target of prospecting: ‘residual’ in the case of ore prospecting
means something completely different than in the case of oil exploration.

According to Pintér and Stomfai [1979] a possible characterization of
map variations can be based on the distribution of anomaly values. Maps with
broad anomaly distribution curves can be regarded as residual ones, and those
with sharp distribution curves, as derivative ones.

To interpret a gravity map, the above-mentioned characteristics and
limitations have to be kept in mind otherwise we can reach wrong conclusions
by interpreting a residual map as a derivative one or vice versa. Therefore
we can state that there is no single or direct solution to eliminate regional
effects and isolate local anomalies. All methods have their merits and
limitations but a combination of them can provide useful information on the
geological sources of the different anomalies.

The practical ambiguity of the inverse gravimetric task is always smaller
than the theoretical one and it depends on a variety of other information. As
an example, there is the Kolarovo anomaly with an evident deep source, but
because of the high gradient most probably due to sharp density contrast the
anomaly is very distinct in the residual- and in the regional map as well.

Mathematical separation by convolution requires randomly distributed
elementary bodies, without mutual dependence. In structural interpretation
this requirement is not fulfilled because of highly different parameters
[Sefara 1986] tending to arrange the lithospheric masses in isostatic equilib-
rium, which is a natural trend of each system. As further shown in stripping
(Fig. 8), such a system leads to mutual compensation of gravity effects of
separate masses. In addition, the individual fields (Bouguer’s) undergo
coherence [Sefara 1986] and the frequency content of the resulting field can
be highly different from the frequency fields of the individual geologically
defined inhomogeneities (see also Fig. 9 in Nemesi et al. [this volume]). In
no case and by no convolution method can we separate the field into negative
and positive anomalies, which in our case means separation into the gravity
effect of sediments and that of the basement. The task of separation can be
solved either by stripping, or by model calculations controlled by a priori
information.
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3. Filtered maps

Within the framework of the DANREG project, we have prepared
several versions of regional, residual and derivative-like maps in order to
separate the different components of the gravity field. All calculations were
based on the original Bouguer anomaly values obtained as a result of the
unification of the gravity data of the three interested countries. The randomly
distributed data were gridded in an 800 x 800 m data set and these created
the input for further transformations.

The calculations were based on the two-dimensional filtering technigque
and matrices defined by Meské [1984a]. The weight functions of the applied
filters are presented inFig. 2. It can be seen that the k parameter characterizes
the sharpness of the filter, with increasing k the weight of the local value

grid points

Fig. 2. Weight functions for the MESKO-filters
2. dbra. A MESKG6-sz(irék sulyfiiggvényei

increases and vice versa. In other words, higher k values mean higher
amplification of local effects. From the transformed map versions we have
presented one residual map (Fig. 3) with its corresponding regional pair
(Fig. 4), and one derivative-like gravity map (Fig. 5). This third version is
called derivative-like because it is only an approximation of a true mathe-
matical representation. The gravity field is too complex to be described by
an analytical expression. The derivative-like characteristics of the obtained
map largely depend on the type of function being approximated, the region
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involved in the calculations, the spacing of the gridded values and the
complexity of the gravity field.

In the filtering procedure the parameters K = 2resand K = 2reg were applied
to the presented residual and regional maps, respectively. The residual gravity
map has the following characteristics: the local maxima and minima are
indications of shallow geologic bodies, such as possible lateral density
variations in the sedimentary complex, magmatic intrusions, or sharper
undulations of the relief of the basement. While maxima and minima directly
mark out the locations of the sources, their amplitudes depend on the applied
procedure and on the complexity of the gravity field.

The regional anomaly map reflects the effects of all those sources not
involved in the residual anomaly map (Fig. 4).

The presented derivative-like map was calculated by a narrow band-pass
filter («k=9-8, Fig. 5). The reason for applying a band-pass filter was to
exclude the high frequency noise of the gravity data attributed to observational
and reduction errors which are always present.

In order to determine the characteristics of the maps, the anomaly values
of each map variation were subjected to the test proposed by Pinter and
Stomfai [1979]. To demonstrate their characteristics, we present the anom-
aly distribution curves of the two maps (Figs. 6 and 7). It can be seen in the

%

Fig. 6. Distribution curve for the map constructed with filter parameter k =2 (it suggests
‘residual’ character)
6. abra. Maradék-jelleget sugall6 eloszlasi gorbe a K =2res szlir6vel készitett térképre
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%

Fig. 7. Distribution curve for the map constructed with filter parameter k=9-8
(it suggests ‘derivative’ character)

7. abra. Derivalt jelleget sugallo eloszlasi gérbe a k=9-8 szlrével készitett térképre

figures that the map prepared with parameter K= 2reshas a broad distribution
curve suggesting a residual nature. The k = 9-8 map has a narrow distribution
curve characteristic of derivative-like maps.

From derivative-like maps the effect of deep structures has been elimi-
nated; however, shallow density variations may be indications of deep
structural lines. In the case of derivative-like maps the zero contour lines
deserve attention because they reflect the edges of the disturbing geological
masses.

4. Stripped gravity map

Since in basin areas the density of the sedimentary layers is normally
lower than the density of the underlying consolidated rocks forming the
basement, in the Bouguer anomalies the effect of the basement topography
dominates thereby masking the effects of intrabasement density anomalies.
To get information from deeper sources, the effect of the sedimentary ‘mass
defect’ has to be taken into consideration. Having information on the
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topography of the basement and on subsurface density data we can produce
a gravity map free of the effect of unconsolidated sedimentary layers.

As the central part of the DANREG project area coincides with the
Danube-Raba basin where the thickness of sedimentary cover reaches
7000-8000 m, it seemed worthwhile to construct a gravity map corrected for
sediment effect, thus enhancing the anomalies originating from deeper
sources.

Before the beginning of the DANREG project, stripped gravity maps
were prepared both for the Hungarian [Mesko 1984b] and for the Slovakian
[Sefara et al. 1987] part of the project area. In Hungary, Meské based his
calculations on the basement contour map of Fulop, Dank [1987]. The
density data were derived from the literature. An attempt was made to find
a correlation between velocity and density data obtained from boreholes, but
the result was not convincing. The gravity data were derived from a regional
Bouguer anomaly map based on relatively few data. Meské regarded the
constructed map as a first attempt due to the incomplete data set available to
him at that time.

In Slovakia, Sefara and his team prepared a stripped gravity map
[Sefaraet al. 1987]. The basic presumption was uniform density distribution of
Tertiary sediments, i.e. a= F(X,y,z), subdivided into two functions a=
f(h) +ft(x,y). The first function is the dominant one in basins, the second gets
significance in neovolcanic areas.

In the Danube-Ré&ba- and Vienna basins functions/(/z) were determined
according to density measurements on borehole samples (of 36 and 12
boreholes, respectively). Models in the form of polygonal prisms along
basement contour lines were chosen (their gravity effects were calculated in
the network of Ix1 km) (Table ).
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height above sea level density contrast (1000 kg/m3
Danube-Réba basin Vienna basin

+150-0 -0.69 -0.69
0--100 -0.67 -0.67
-100 - -250 -0.65 -0.62
-250 - -500 -0.63 -0.52
-500 - -1000 -0.53 -0.47
-1000 - -1500 -0.45 -0.39
-1500 - -2000 -0.35 -0.33
-2000 - -2500 -0.24 -0.27
-2500 - -3000 -0.17 -0.19
-3000 - -3500 -0.10 -0.09
-4000 - -0.05 -0.04

Table I. Density contrast given by Sefara [Sefara et al. 1987]
|. tAblazat. Sefara altal kdzolt sirlségkilombségek [Sefara et al. 1987]

The maximum depth in which observations of density were carried out
was ca 3200 m in the Danube-Riba basin, ca 4200 m in the Vienna basin.
For greater depths the density model was extrapolated. Former models of the
basement relief were the results of the chosen input criteria (maximum
possible depth of the source, inevitable smoothness of shapes of the stripped
map). In the final form [KIiLENYiet al. 1991] the maximum depth of the
Danube-Riba basin on the Slovakian side has dramatically changed: from
5600 m — according to seismic cross sections of low information content
[Fusan 1987] —to depths of 7000-8000 m. Reprocessing of seismic profiles
later confirmed this calculation. Corrections of the stripped map as to the
lateral changes of density (functions ffx,y)) were calculated only in the
northern part of the Danube-Réaba basin where the basin fill is partly built
up by sediments of older age producing higher compaction.

Accuracy of this part of the stripped map was assessed by standard
deviation as +1.8 mGal. Later revision of the map within the frame of the
DANREG project pointed to higher relative accuracy.
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A stripped map was calculated [Bierik 1991] using a similar technique
in a net of 10x10 km and on the basis of less detailed Bouguer anomalies
according to the model in the table. The accuracy of the map was not
characterized; we assume it is considerably lower than that of other parts.

For preparing a stripped gravity map for the project area the following
data were at our disposal:

a) The contour map of basement topography was prepared within the
framework of the DANREG project by updating a formerly published map
[KitenYiet al. 1991]. That map provided the geometry of the sedimentary
complex.

b) In the absence of boreholes penetrating the deepest parts of the basin
no direct density data were available for those parts of the area. The density
function we have used was based on several thousands of laboratory measured
density data [Szabs, Pancsics 1994]. The measured drill cores originated
from different parts of the Pannonian basin so the result can be regarded as
an average density function approximating the sedimentary complex of the
area.

In Table 11 below we present — besides the density contrast function
used for our calculations — two more functions suggested by other authors
[Bietik 1991, Bucha et al. 1994] for the same area.

depth (km) density contrast (1000 kg/m3
DANREG Bucha et al. Bielik
oo, 5 -0.70 -0.57 -0.70
05—10 -0.50 -0.47 -0.55
1.0- 15 -0.40 -0.42 -0.44
1.5-2.0 -0.30 -0.37 -0.44
2.0-3.0 -0.20 -0.22 -0.31
3.0-4.0 -0.15 -0.12 -0.17
>4.0 -0.10 -0.05 -0.10

Table 1l. Density contrast recommended for the project area by different authors
Il. tablazat. Kulonboz6 szerz6k altal a teriiletre javasolt slriségkilénbségek
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The calculation of the gravity effect of the sedimentary complex was
carried out in two steps:

1) To calculate the effect of the uppermost 4 km, a table was prepared
containing the gravity effect ofa 2x2 km sedimentary block for each 100 m
depth interval and for each 2 km distance beginning from the center of the
block to 20 km distance. The effect of blocks beyond 20 km from the actual
grid point was neglected. The calculation was carried out by the MAGIX
program (INTERPEX Co). The total effect was determined by summing,
point by point, the data of the table corresponding to the actual geometry.

2) In the depth interval below 4 km the 2x2 km sedimentary blocks were
substituted by vertical mass-lines and their gravity effects were calculated.

The effects for the two depth intervals were added to the Bouguer
anomaly at each 2x2 km grid point.

The anomaly values obtained after the correction are free from the effect
of mass defect due to the lower density of the sedimentary complex. Since
the correction is based on the basement contour map and an average density
function, the resultant map reflects their limitations. The total error, resulting
from the errors of the density function, from approximating the basin fill by
prisms and from taking into account only the 20 km neighbourhood of each
point, can be estimated as not more than 10 mGals. This 10 mGal should be
considered as the absolute error (i.e. a 10 mGal shift of the anomaly range),
the relative error does not exceed 2 mGals. The biggest discrepancies between
model and reality exist at the foot of the various surrounding hills (Sopron
Hills, Transdanubian Central Range, etc.)

The most conspicuous feature of the stripped gravity anomaly map
(Fig. 8) is the maximum range in the axis of the Danube-Ré&ba basin, with
values generally above 40 mGal, which turns eastward at the Kolarovo
maximum. The source of this anomaly range is bordered on the south and
south-east by the Raba-Hurbanovo line detected by both seismic and mag-
netotelluric data. Coinciding with the gravity anomalies, geomagnetic anoma-
lies can be found as well.

It can be supposed that these anomalies of different physical phenomena
can be attributed to a common source, namely to an elevation of the
Mohorovicic discontinuity bounded by the Raba-Hurbanovo line. The north-
ern and western borders of this elevation are unknown, the presumption of
a continuous deepening or a deep fault seems to be plausible too.
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The elevation of the Mohorovicic discontinuity cannot be detected by
seismic data, partly because that part of section K-| registered and processed
till 12 s, stops just at the anomalous range and, partly, because at its
easternmost part the Mohorovicic discontinuity reflections disappear, indi-
cating a change in the deep structure.

The elevation of the Mohorovicic discontinuity under a deep basin cannot
be regarded as a unigue phenomenon, one can find several similar examples
inthe literature. Within the Pannonian Basin, in the Békés Basin, deep seismic
sections of the last few years have revealed such an elevation involving even
the asthenosphere. The respective gravity and geomagnetic anomalies are
similar to those of the Danube-Réba basin.

A 10 mGal relative anomaly shows up against the maximum range of
the corrected map at Kolarovo. It can be supposed that its source is in the
basement. This area has an outstanding tectonic importance, as the SW-NE
trend of the anomaly zone changes to a W-E trend at Kolarovo. The tectonic
interpretation of this phenomenon has not yet been finally construed.

5. Gravity lineament map

Description of the procedure

This technique is designed for estimating the location of density contrasts
using gridded Bouguer anomaly data. To obtain the regional geological
features and to remove small and insignificant local effects of the gravity
field, the primary grid of Bouguer anomalies was smoothed by a 9-point
Hanning filter.

The smoothed grid of Bouguer anomalies was used as an input for
calculating the magnitude and direction of the horizontal gradients using the
gravity differences between grid points in the X and Y directions. The gx- and
gwvcomponents of the gradients were calculated by linear regression, applied
to the smoothed Bouguer anomaly values in grid intersections. Differences
were calculated for every grid intersection with reference to the central grid
point. Linear regression was applied to all gravity differences within a radius
of A=4.5 km to determine the gx and gycomponents of the horizontal
gradient. Having obtained the gradient components from the linear regres-
sion, the magnitude and the direction of the gradient were calculated and
stored.
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The gravity lineaments were determined according to the method de-
scribed by Brakety and Simpson [1986]. The values of horizontal gradient
magnitude were compared with its eight nearest neighbours in four directions
(along the row, column and both diagonals), to see if a maximum is present.
This comparison test was applied to every direction if the gradient value of
the central grid point was greater than that of its two neighbours. If this
happened, a counter N was increased by 1. Counter N ranges from 0 to 4 and
provides a measure of the quality of the maximum. The authors referred to
parameter N as ‘significance level’ of the maximum. In the final step of the
procedure, a small line, perpendicular to the direction of the horizontal
gradient was drawn representing the gravity lineament at all grid points where
parameter N was greater than 0.

Description of the lineament map

The above-described procedure was applied to the original Bouguer
anomaly map without any modification. That is why the lineament map (Fig. 9)
reflects all geological structures irrespective of their age and depth.

Blakely and Simpson’s method approximates the edges of causative
bodies as can be seen, for example, in the case of the Kolarovo anomaly. On
the map (Fig. 9), besides the isometric shapes, at certain places linear patterns
prevail, characterizing the tectonic elements of the region.

Based on the pattern of the lineaments, the area can be divided into four
districts.

1 The central part is characterized by long and continuous lineaments —
parallel with the Réba-Hurbanovo line — with subordinate, short trans-
verse directions.

2. The area of the Transdanubian Central Range (the SE part of the map) can
be characterized by a pattern of short and discontinuous lines of dominantly
N-S direction, whereas in the eastern part it changes to the dominance of
NW-SE directions.

3. The lineaments have a different character in the NW part of the map: in
the Bruck-Stupava direction the Mur-Miirz line —the main, south-eastern
tectonic line of the Vienna basin —is reflected, while in the Bratislava-Pez-
inok line the main tectonic directions of the Little Carpathians can be
recognized. To the east of this latter, the N-S directions become dominant.
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4. The Sopron-Bruck area (that of the Leitha Hills) is characterized again by
short, discontinuous lineaments, such as that of the Transdanubian Central
Range, reflecting the minor shallow structures.

Analysis of the lineament map is a useful tool for the tectonic interpre-
tation of the region, especially in the deep basin areas.

6. The Kolarovo anomaly

From the point of view of interpretation, the Kolarovo maximum is a
very characteristic and regular anomaly. Its position is closely related to the
Réaba-Hurbanovo line so the determination of its possible source can contrib-
ute to the understanding of the origin and nature of that tectonic element. The
anomaly had already been interpreted by several authors [e.g. SITAROVAet
al. 1994] but because of its key position it seemed worth carrying out some
new simple model calculations in order to get rid of possible preconceptions.

Since the gravity anomaly of a given geological structure depends
directly on its dimensions and its density contrast, and an anomaly can be
caused by an infinite number of possible geological structures we have to
take certain limits concerning the size and density of the causative body to
decrease the number of possible solutions. As for the dimensions of the source
we accepted as its upper limit the depth of the basement from the map prepared
in the framework of the present project. For the lower limit of the models
we took the depth of the Mohorovicic discontinuity on the basis of the
‘Contour Map of the Mohorovicic Discontinuity beneath Central Europe’
published by ELGI [Posgay et al. 1991]. For density contrast we took
350 kg/m3as a generally accepted value for the crust-mantle contact.

The calculations were carried out by 2.5-dimensional modelling. From
the numerous possible solutions two models regarded as the most plausible
are presented in Figs. 10 and 11:

a) In the first model, the source was approximated by a batholith-type
intrusion of the upper mantle material into the crust (Fig. 10).

b) The second version is a combination of the thinning of the crust and
a laccolith-type intrusion of the upper mantle material into the basement
(Fig. 11).

Taking into account the dimensions of the two models, the laccolith-type
solution seems to be more realistic. The problem, however, is open to
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Fig. 10. Possible gravity model of the Kolarovo body (batholith)
10. abra. A kolarovoi hat6 lehetséges batolitos gravitaciés modellje

Gravity (nGals)

Depth <kn)

Distance (km)
Fig. 11. Possible gravity model of the Kolarovo body (laccolith)
11. abra. A kolarovoi hat6 lehetséges lakkolitos gravitacios modellje
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discussion in connection with the origin and nature of the Raba-Hurbanovo
line.

It has to be emphasized that the solutions can be regarded only as
approximations. Their reliability depends not only on the inherent ambiguity
of gravity interpretation but on the reliability of the sediment-corrected
gravity anomaly map, as well.

7. Summarized geological interpretation of the gravity maps

In the foregoing we restricted ourselves mainly to presenting the
procedure and the method of preparation of the various gravity maps and we
mentioned only their main features.

By way of a summary, it can be concluded that the anomaly patterns of
the Bouguer anomaly map characterize quite well with their smooth forms
the deep basin areas and with their more varying forms those parts where the
pre-Tertiary rocks are on or near the surface. In the contact zones of basement
highs and deep basins the closely spaced, elongated isolines indicate fault
lines such as the Mur-Miirz and Hurbanovo-Didsjend lines.

We would call attention to two significant features of the Bouguer
anomaly map: the first is that the Vienna basin in spite of its shallower nature
is characterized by higher negative anomalies than the deeper Danube-Raba
basin. The second main feature of the map is that the Kolarovo gravity
maximum lies in the intersection of the Raba and Hurbanovo-Di6sjend lines.
It is our conviction that the Kolarovo anomaly plays a key role in the
understanding of the geological structure and history of the region.

These characteristics inspired us to prepare different versions of gravity
maps to emphasize local, regional and directional features of the original
Bouguer anomaly map.

It is clear, however, that gravity itself with its inherent ambiguity does
not give clear-cut answers to our geological problems but due to the dense
gravity survey over the whole region, gravity data represent a continuous
information system.

By integrating the gravity data with the results of other geophysical
methods (geomagnetic, geoelectric, seismic) and with the geological infor-
mation available for the area, our knowledge of the geological build-up from
the surface to the Mohorovicic discontinuity will increase.
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Gavitaciés térképek — Ausztria, Szlovakia és Magyarorszag kozos
hatarteriletein

Jan Sefara és Szabé Zoltan

1. A Bouguer-anomalia térkép

A geofizikai program egyik fé feladata a Bouguer-anomalia térkép megszerkesztése volt. A
harom orszag szakembereib6l all6 gravitaciés munkacsoport el6szor felmérte a kutatasok helyzetét.
Ugy dontottek, hogy az 1950-es évek elejétdl végzett graviméter mérések tekinthet6k meg-
bizhatonak és ezekbdl mindharom orszagban késziiltek is Bouguer-anomalia térképek. Ezek
azonban az orszaghatarokon nem voltak illesztheték, mert a Bouguer- és terephatas-korrekciokat
mas slrliséggel szamitottdk, mas-mas gravitaciés rendszereket, mas normalértéket (Helmert,
Cassinis), mas magassagi rendszert (baltit és adriait) hasznaltak, és a nemzeti bazishal6zatok csak
Szlovakia és Magyarorszag kozott voltak dsszekotve.

A munka egy kdzos adatbazis létrehozasaval kezd6dott. Megallapodtak abban, hogy:

— ,,abszolut” gravitaciés rendszerben fognak dolgozni,

— anormalértéknek az Eurépaban mar széles korben alkalmazott WGS-80-at fogadjak el,

— az adriai magassagi rendszert hasznaljak,

— aBouguer- és a topografikus-korrekci6é szamitasahoz 2670 kg/m3s(irliséget valasztanak,

— valamint dsszemérik a szlovak-osztrak és az osztrak-magyar bazishalét.

A rendezetlen eloszlasu és valtozé allomasstirliségl adatokbol szamolt anomalia adatokbdl
spline interpolaciéval 800x 800 m-es halézatot hoztak létre, majd az eredetileg 1:200 000
méretarany( szintvonalas térképet az ELGI-ben kifejlesztett szamitdgépes programmal szerkesztet-
ték meg. (1. &bra). A térkép hibajat Molodensky eljarasaval Sefara vizsgalta. Ugy talalta, hogy
az +0,8 - 1,0 mGal-ra becsiilhet6, de pontossagat a mérési slirliség jelentésen befolyasolja.

2. A gravitacios értelmezés szempontjai

A Bouguer-anomalia térkép a felszin alatti tdmegek integralt hatdsat mutatja, a geoldgiai
értelmezés kritikus feladata azonban a kiillénb6z6 mélységu, kiterjedésii testek hatasainak szét-
valasztasa. Ennek elterjedt modszere a sziirés. A klasszikus értelmezés szerint a Bouguer-anomalia
eredményeként szlletett) anomalia térkép a mélybeli, a maradékanomalia térképek (az alulvago
sz(irések eredményeiként) a felszinkdzeli hatokat, a derivalt térképek pedig a gravitacios tér
horizontalis gradienseit emelik ki. A sz(rési eljarasok azonban nagyon érzékenyek az allo-



120 J. Sefara — Z Szabhé

mass(iriség mellett az alkalmazott sz(ir6 paraméterére is. A matrixelemek és a sz(iréméret
kombinalasaval sokféle térképvaltozat készithetd, amelyek megvalasztasa jelentésen fiigg az
értelmezd geofizikus tapasztalataitol.

3. Aszlrt térképek

A szlrt térképek szamitasa a Meské [1984a] altal definialt kétdimenzids sz(irési eljarason és
matrixokon alapult. Az alkalmazott sz(ir6k sulyfliggvényeit a 2. dbra mutatja. A kK paraméter a
sz(ir6k szélességét jellemzi. Minél nagyobb ez az érték, annal jobban kiemeli a sz(ir6 a kis, helyi
anomalidkat. A sz(irt térképvaltozatok kozil a 3. dbra egy maradék-anomalia térkép, a 4. abra
ennek regionalis parja, az 5. abra a derivalt jelleg( térkép. Ez utobbit egy keskeny savateresztd
sz(ir6vel kaptuk (k=9-8), hogy a gravitaciés adatok mérési hibait (nagyfrekvencias zajat) is
kisz(rjuk.

A térképek jellegének meghatarozasara minden térképvaltozatot alavetettiik a Pintér és
Stomfai [1979] altal javasolt vizsgalatnak. Ennek értelmében a k=2 paraméterrel készitett térkép
eloszlasi gorbéje (6. abra) széles, azaz maradék jellegre utal. A 7. abran lathaté k=9-8 térkép
eloszlasi gorbéje keskeny, ami a derivalt jelleg bizonyitéka.

4. Az lledékhatassal korrigalt gravitacios térkép

Tobb geofizikai modszer eredményeire épiil6 komplex értelmezési térekvéseink megkivan-
tak, hogy a pre-tercier aljzat bels inhomogenitasait is vizsgaljuk. Ennek egyik gravitaciés madja,
hogy a 7-8 km vastagsagot is eléré neogén koru tiledék okozta tdmeghianyt kompenzaljuk. Kutatasi
teriiletiink kiilonbdz6 részeir6l mar 1984-ben Mesko és 1987-ben Sefara is szerkesztett ilyen
térképet, azonban mindkét ilyen megoldas csak az akkor létez6 ismeretekre (példaul aljzat-mélység
térképre és slir(iség-adatokra) épilhetett. Az azéta eltelt id6 alatt a neogén medence aljzatarol a
szeizmikus Ujrafeldolgozasok és Ujabb geofizikai mérések kapcsan a korabbiaknal meghizhatobb
(a kés6bbiekben e kiadvanyban is bemutatott) térképet szerkeszthettiink. A mélység (vastagsag)
adatokat ebb6l vettiik. A slirliségekre egy mélységintervallumoktol fliggd valtdzo értéksort vettiink
fel. Tablazatunk létrehozasahoz felhasznaltuk a mélyfurasokban (magokbdl és geofizikai mérések-
b6l) meghatarozott siir(iség adatokat, amelyek a Pozsony-Gydr kozétti ,,Duna-Raba” medencében
maximum 3200 m-es mélységbdl, a Bécsi-medencében maximum 4200 m-es mélységbdl szar-
maztak. Ez utébbi adatrendszert lathatjuk az I. tdblazatban, ahol az aljzat-s(ir(iséghez viszonyitott
relativ értékek lathatok. Az itt bemutatott ,0ledékhatastol megtisztitott” térképink (8. abra)
szerkesztéséhez azonban a Il. tablazatban lathato, kerekitett értékekkel szamoltunk, amelyhez még
felhasznaltuk Szabo és Pancsics [1994] tobb ezer firémagon végzett és karotdzs mérésekre
alapozott s(iriség vizsgalati eredményét, amelyek a Pannon-medence kiilonb6z8 részeirdl szar-
maznak. (Ebben a tablazatban koézéljik még Bucha, Blizkovsky és Bielek hasonld mélységin-
tervallumokra publikalt adatait is.)

Az liledékes Osszlet gravitacios hatasanak szamitasa két 1épésben tortént.

— A fels6 4 km hatasanak szamitasanal 2x2 km-es horizontalis kiterjedés(i, 100 m vastag

blokkokat valasztottunk. Ezeknek a blokkoknak a gravitacios hatasat kiszamoltuk mind
a kérdéses felszini pontunk alatti hasabokra, mind a maximum 20 km-es felszini
tavolsagra talalhatd hasabokra és ezeket dsszegeztiik.

— A 4 km-nél mélyebb 2x2 km-es liledékes blokkokat fiigg6leges vonalszer( tomegekkel

helyettesitettiik és ezek gravitacios hatasat szamitottuk.

A két mélység-intervallum hatéasait hozzaadtuk a Bouguer-anomalidkhoz minden 2 km-es
racshaldzati pontjaban.

A szamitasok az INTERPEX Co. MAGIX programjaval torténtek.



Gravity maps 21

A 8. abran lathatd korrigalt térkép legszembet(in6bb vonasa a Duna-Réaba siksag tengelyében
kifli alakban hajlé 40 mGal feletti anomalia, amelynek lefutasa és elhelyezkedése a magneses
térképpel, D-DK-i pereme a Raba-Hurbanovo vonal lefutdsdval mutat sok hasonloésagot. Mint
erre a kés6bbiekben még visszatériink, ez az anomalia kéreg kivékonyodassal, kdpeny-kie-
melkedéssel magyarazhatd.

5. A gravitaciés lineamens térkép szerkesztése és értelmezése

Barmelyik gravitacios térképiinkdn lathatunk olyan parhuzamos izovonal-kotegeket, amelyek
ismert térésvonalaknal tlinnek fel. Ezeknek a jelenségeknek a korrekt matematikai kiemelését
lathatjuk a lineamens térképen, vagy mas néven a s(r(iséghatarok térképén. (9. abra).

A térképet R. J. Blakely és R.W. Simpson [1986] mddszerével szerkesztettiik, a GEO-
COMPLEX-ben, illetve a Bratislavai Egyetem Geofizikai Tanszékén. A térkép ugy késziilt, hogy
kiszamltottulk a Bouguer-anomalia térkép minden egyes racspontjaban az E-D és K-Ny irany
derivaltakat, amelyek alapjan egy 4,5 km sugart koron beldl linearis regresszié szamitassal a
vizszintes gradiens nagysagat és iranyat meghataroztuk. A gradiens nagysagat dsszehasonlitottuk
a nyolc szomszédos ponthoz (E-D, K-Ny iranyban, valamint ezek szégfelez6iben) tartozo értékkel
és megnéztik, hogy a kdzponti racspont értéke nagyobb-e, mint szomszédai. Ha igen, akkor a 0
és 4 kozott valtozé agynevezett A paraméter értékét noveltik 1-gyei. Végill kijeldltik az dsszes
olyan racspontot, ahol N értéke 0-nal nagyobb volt. Ezeken a pontokon a gradiens iranyara
mer6legesen egy rovid vonalkat helyeztiink el.

A lineamens térkép anomaliait vizsgalva a 20 000 km2-nyi teriiletet négy nagyobb korzetre

oszthatjuk.
1. ) A terlilet kdzéps6 részén, nagyjabol az uledékhatastél megtisztitott térkép nagy ano-

parhuzamosan a hosszu és folytonos s(iriséghatarok jellemzék.

2. ) A Dunantuli-kdzéphegységben (a térkép DK-i részén) a rovid és nem folytonos hatarok
jellemzéek. A Budapest-Esztergom vonaltél Ny-ra az E-D irdnyok, a vonaltdl K-re pedig az
ENy-DK iranyok ajellemzék.

3. ) Az ENy-i részen més a lineamensek jellege; a Bruck-Stupava vonal a Bécsi-medence
nagy térésvonalanak, a Mur-Miirz vonalnak iranyat koveti, a Pozsony-Pezinok vonalban viszont
a Kis Karpatok uralkodd tektonikai irdnyai ismerheték fel. Ett6l K-re viszont az E-D irany a

jellemzé.
4. ) A Sopron-Bruck térség a Lajta-hegység korzetében a kismélységi aljzat apré szerkezeteit

sejteti.
6. A kolarovoi gravitaciés anomaliardl

Barmelyik eddig targyalt gravitacios térképen az egyik legszembet(in6bb a Kolarovo melletti
gravitaciés anomadlia, amelynek helyzete szorosan kapcsol6dik a Raba-vonalhoz is. A hato
nyilvanvaléan mélyen (a pre-tercier aljzatban) van, de minden bizonnyal éles s(r(iségkontraszt
vélasztja el kdrnyezetét6l. Mégis a priori ismeretek nélkil semmiféle mddszerrel nem tudjuk
elkilléniteni az tledékekben vagy az aljzatban lév6 slr(iség inhomogenitasok hatasat.

Itt most feltételezziik, hogy a hato teteje legfeljebb a pre-tercier aljzat mélységében és legalabb
a Mohoroviéic diszkontinuitas felliletén van. S(r(iség-kontrasztként 350 kg/m3t vettiink. A
szamitasokat 2,5 dimenzios modellezéssel végeztiik. A szamos megoldas koziil a két legvaldsziniib-
bet a 10. és 11. abran lathatjuk. A 10. abra egy olyan lehet6séget mutat, ami a kdpeny anyaganak
a kéregbe torténd behatoldsdval magyarazhatdé. All. abra egy kéregkivékonyodasnak és egy
lakkolit-szer(i benyomulasnak felel meg.
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7. A gravitacios térképek foldtani értelmezésének dsszefoglalasa

A DANREG programban eredetileg elképzelt egyetlen gravitacios (Bouguer-anomalia) térkép
gravitacios maximumai és minimumai alapjaban véve, a klasszikus értelmezésnek megfelelGen,
kvalitative jelzik a 20 000 km2es terlilet harmadkori medencealjzatanak mélységviszonyait és
bizonyos szerkezeti elemeit is. Mégis felt(inG, hogy a mélyfurasokbdl és kvantitativ geofizikai
mddszerekbdl megismert Bécsi-medence aljzatmélysége kisebb, mint a Duna-Réba medencéé,
holott a Bouguer-értékeik alapjan ennek forditva kellene lennie. A térkép egyik legszembedtlGbb
(kolarovoi) anomalidja a Réaba- és a Hurbanovo-Didsjen6 vonal keresztez&désénél fekszik, de
hatdjat nem lehet egyértelmiien meghatarozni. Ezért tobbféle gravitacios térkép késziilt a lokalis,
a regiondlis és irany szerinti jellegzetességek kiemelésére. A slr(i gravitaciés mérés folytonos
informécio rendszert alkot, de értelmezésiik csak egyéb geofizikai és foldtani adatok bevonasaval
lehetséges. igy viszont a Mohoroviéié diszkontinuitasig kaphatunk képet a foldtani felépitésrol.
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1. Introduction

In the framework of the DANREG project it was decided to combine
the already existing magnetic data of the three participating countries. In
Austria data from an aeromagnetic survey [Gutdeutsch, Seiberl 1987] were
available, whereas in Hungary a [IZ map constructed from the data of a
regional ground survey [Haaz, Komaromi 1966] existed; the observation data
were digitized in the framework of the DANREG project. The Slovak part
of the DANREG project area was covered by ground [Burgl, Kunz 1955]
as well as airborne measurements. The data sets were handed over to the
team of Austrian geophysicists that supervised the magnetic project. The data
set of the map shown in Fig. 1 came into being at the Geophysics Department
of Vienna University; the map was printed out in ELGI to ensure the unified
format of the DANREG geophysical maps.

2. Theoretical basis for the construction of the unified map

Several obstacles needed to be faced when constructing the unified map.
The first and most important of these was that in some areas only AT values
observed at different altitudes were available, and in other areas there were
only ground [AZ values. In addition, in calculating the anomalies different
reference fields, i. e. normal corrections were used in the three countries,
the existing maps referred to different epochs, etc. Under such conditions no
correct solution could be achieved. The unified map could only be constructed
by means of approximations and by neglecting certain factors.

It was decided that the unified map would be a AT map (but a AZ map
has also been constructed). In Hungary only AZ anomaly values were
available, therefore these had to be transformed into AT data. The following
relation exists between the components of a magnetic anomaly:

()

where AH is the horizontal component of the anomaly.
The horizontal component can be expressed using the inclination (/) and
the vertical component:

OA= AZ(tan/) 1 2
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where | is the inclination of the total vector of the Earth’s magnetic field.
Such transformation of the AZ component into AT assumes the existence
of induced magnetization only (without any remanence).
Because the inclination values are not available at each station an
approximation had to be used. Thus, the | values were determined for each
station using the following normal equation:

/ =61°39.46" +0.97448ch + 0.04731AA - 0.0004938Acp2 +
+0.0000252AhAX - 0.00003186A}..2

3

where O = ¢ - 45°30" and AX = X -16°00’.

The above normal equation was based on 300 Hungarian stations and
determined by AczELand Stomfai [1968].

After having transformed the AZ data into AT data determination of the
unified AT anomaly system was the next step. To eliminate the distortion
along the borders caused by the different normal fields used in the partici-
pating countries the equation determined in ELGI for the territories of
Austria, Hungary and Slovakia [Szabs 1985] was used as common normal
field. In determination of the normal field for Hungary and Slovakia data of
the magnetic base network measurements referring to the epoch of 1980.0
were used. Because in Austria only the data referring to the epoch of 1960.0
were available, the time variation between 1960 and 1980 had to be taken as
a correction. Determination of the time correction was carried out using a
quadratic function calculated from the time series of the magnetic observa-
tories in the nearby countries (Niemegk, Wien-Koblenz, Firstenfeldbruck,
Hurbanovo, Nagycenk, Surlari, Grocka, L’Aquila). Coefficients of the
quadratic function most closely approximating the field were determined by
means of adjustment from Slovak, Hungarian and corrected Austrian data.

To unify the AT data set established by the Austrian colleagues in the
framework of the DANREG project the difference between the common
normal field mentioned above and the normal fields applied originally by the
individual countries was calculated for each station in all the three countries.
The common data set was corrected using the obtained differences; thus the
distortions caused by the deviations between the originally applied reference
fields were eliminated. Using the unified data set the AT map was constructed
in ELGI by means of the contouring program developed by A. Sarhidai

(Fig- 1).
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To check the reliability of the above transformation some profiles were
measured in 1991 which traversed characteristic anomalies in all the three
countries.

3. Description of the map

Ifwe look at Fig. 1the immediate impression is that the magnetic pattern
within the Carpathians differs considerably from that outside the mountains.
The reason for this is not the fact that the measurements in Hungary and on
a significant part of the Slovak territory were carried out about twenty years
earlier than in Austria. Even so, it is, of course, true that the accuracy of the
measurements performed in Austria in 1987 is by nearly two orders of
magnitude higher than, for example, that of the earlier measurements in
Hungary. The real reason is that the Vienna Basin is not so abundant in
magnetic anomalies as the region within the Carpathians.

Some details of the data acquisition and interpretation might be men-
tioned. In the eastern part of Austria the airborne magnetic measurements
were carried out with a proton magnetometer (accuracy +0.125 nT) mounted
on a fixed-wing aircraft. The line separation was 2 km, the flight altitude
800 m above sea level. Thus the clearance above the ground surface varied
between about 600 and 750 m in the Vienna Basin. To improve the data
quality tielines were flown perpendicularly to the lines at every 10 km. The
sampling rate of the magnetometer was 1 s (~50 m sampling interval along
the line). Flight path recovery was made by means of 35 mm films. The daily
variation of the magnetic field was measured at local base stations; their data
were later tied to the main magnetic observatory in Austria (Wien-Koblenz).
The epoch 1977.7 was used in processing.

The magnetic anomaly pattern in Austria can be characterized by
relatively low amplitudes. In the NW part of the map shown in Fig. 1 traces
of the SE portion of a very wide regional anomaly can be recognized. This
latter is caused by a deep-seated body (10-20 km below the surface); in the
strike direction it starts from S of Munich, then through Salzburg it runs
along the N part of the Kalkalpen (Calcareous Alps). Itjoins via Vienna the
complex magnetic anomalies around Brno (Moravian anomaly). The tectonic
setting of this anomaly belt is still a controversial issue. This magnetic
structure is most likely caused by an old basement (Proto-Europe?) which
has been conserved between the consolidated Hercynian Bohemian Massif
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Fig. 2. Magnetic anomaly near Rust

2. dbra. A ruszti magneses anomalia
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and the Alpine-Carpathian zone. Younger geological sources — remnants
ofa North Penninic oceanic crust —have also been considered for the western
part of this anomaly [Gnojek, Heinz 1993].

There are no magnetic rocks on the surface that could cause the small
magnetic anomalies W of Eisenstadt. They might be connected to the young
Tertiary volcanic activity that can be observed along the whole eastern edge
of the East-Alpine units.

An interesting magnetic anomaly can be found 6 km NE of Rust, right
on the W side of Neusiedlersee. The lateral extension of this anomaly is
approximately 6x5 km and its amplitude is 24 nT (Fig. 2). Using a Werner
modelling algorithm a source depth somewhat greater than 2 km can be
obtained [Heinz et al. 1987]. If we consider an average flight altitude of
700 m then the magnetic body lies at a depth of 1.5 km. It is likely that this
anomaly is also evidence for the above mentioned Tertiary volcanism because
sulphuric mineral water can be observed at the nearby town of Rust.

The most significant magnetic anomaly belt in the area of the DANREG
project with a more than 100 km strike length lies mainly on Hungarian and
Slovak territory. Only some marginal parts of this belt can be observed in
Austria, E of Neusiedlersee and S of the town of Hainburg.

Considering its extension the most significant anomaly in the area is that
positive anomaly arc which starts S of Mosonmagyarévar, its strike direction
is NE; it turns N of Dunajska Streda and via Surany, Dubnik and Kamenin,
with a dominant strike of E-SE it terminates at the mouth of the river Ipoly.
Taking into account geological and other geophysical data this anomaly is
part of a multiple arc structure. The Leitha Mountains and the Carpathian
chains form the outermost arc. The nextarc is the magnetic anomaly discussed
here whose maximum zone coincides with the NW and N edges of the
assumed source of the stripped gravity anomaly. The next arc is the stripped
gravity anomaly itself; the innermost arc is the SE-S edge of the stripped
gravity anomaly, which coincides with the Raba-Hurbanovo line detected by
numerous geophysical methods. All these phenomena suggest that the
tectonic events associated with the formation of the Leitha Mountains and the
Carpathians have affected the area of the arcs as well and determined
fundamentally the present geology.

The spatial coincidence with the outer edge of the stripped gravity
anomaly arc is so close that the magnetic anomaly follows the small bulge
that can be seen N of Dunajska Streda and also the 15-20 km southward shift
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of the northern edge of the stripped gravity anomaly E of the Hurba-
novo-Nové Zamky line.

The spatial coincidence with the deep structural zone reflected by the
stripped gravity anomaly suggests that the source of the magnetic anomaly
arc is magmatic rock intruded along the deep fracture. We do not have,
however, other direct information about these rocks and their spatial position.
Within the basin sediments only smooth, parallel reflections can be recog-
nized in the seismic section K-1, which was measured close and parallel to
the Danube, over the Hungarian part of the Gabcikovo anomaly — that can
be considered as part of the anomaly arc. Thus, within the sediments no
volcanic structure of suitable size could be assumed which would be able to
cause this anomaly. Based on the seismic data the assumable shallowest
source of the magnetic anomaly is the volcanic rock directly overlying the
basement at a depth of about 6 km [Nemesi et al. 1994]. But the magnetic
susceptibility of the rocks penetrated by the borehole at Surany (S-I) is not
high enough (1.5x10 3SI) to explain the whole anomaly.

It should be noted that the anomaly arc bypasses the Kolarovo gravity
anomaly, i.e. only non-magnetic rock can be assumed as the source of the
gravity anomaly.

It is possible that the source of the positive anomaly E of Kapuvar is
similar to that of the anomaly arc but considering the location of this anomaly
it is associated rather with the Raba-Hurbanovo line, i.e. with the inner edge
of the stripped gravity anomaly arc. In the area of this anomaly Miocene
volcanic rocks are known from several boreholes; however, lava plays only
avery limited role among them, thus the directly known formations certainly
cannot be considered as the source of the regional magnetic anomaly. It is
possible that the rocks penetrated by the boreholes represent the uppermost
level of a larger volcanic-subvolcanic sequence [Nemesi et al. 1994].

East of the regional anomaly arc, mainly in Hungarian territory two
further zones of different magnetic anomaly pattern can be distinguished.
Between Esztergom and Didsjend, on both sides of the Danube (Borzsény
and Dunazug Mountains) dense alternation of positive and negative anomalies
of small extent can be observed. These are caused by the Miocene volcanites
making up the two mountains. The reason for the negative anomalies is the
strong negative remanent magnetization of some of these volcanites — a
feature verified by paleomagnetic measurements [Balla, Marton 1980].

South of Didsjend starts an anomaly zone with a strike direction of E-NE
and a width of about 5 km, it continues E of the area and having a strike
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length of 100 km it terminates in Slovak territory. Because of the scale of the
map it cannot be seen but this zone actually consists of two parallel positive
anomalies. The anomaly zone is associated with the so called Didsjené
dislocation belt. According to the geologic interpretation the source of the
southern anomaly is primarily Mesozoic greenschist of Meliata type or
weakly metamorphosed basic rock, and the northern source is primarily
Paleozoic basic rock of Gemeric type, metamorphosed up to the green-
schist-amphibolite facies [Balla 1989].

Finally, there are magnetic anomalies of small amplitude and extension
on the original magnetic maps of the Hungarian and Slovak territories that
cannot be seen on the unified map due to the relatively large contour line
interval. Such small anomalies can be found at the edges of the large isometric
anomaly S of Kapuvar. The source of these is the Pliocene basalt lying close
to the surface; this is evidence that the crust structure has not come to rest
even in recent times.

4. Some words about the magnetic modelling

The researchers’ interest has been focused on the sources of the large
magnetic anomaly belt within the Carpathians, on their depth, age and origin
since the coming into being of the first observation results. Posgay performed
the first modelling of the anomaly at the Danube (Gabcikovo anomaly) thirty
years ago [Posgay 1967]. His conclusion was that a source of Paleozoic age
should be at a depth of 4 km. Filo and Sefara. obtained very similar results
twenty years later. In the framework of the DANREG project Arndt got also
a depth of 4 km for the same source, using an up-to-date 3D computer
modelling program. Nevertheless, as we have already described, the seismic
and magnetotelluric measurements certainly preclude this depth —at least if
we assume that the source of the anomaly is basic volcanic rock, as could be
demonstrated in each case within the Carpathians. Based on the velocity and
resistivity data of the seismic and magnetotelluric measurements performed
both in Hungarian and Slovak parts of the area, on the reflection image and
the 2D geoelectric model (without evidence from boreholes) we might
unambiguously say that an undisturbed Lower Pannonian sedimentary se-
guence can be found in this depth interval. Therefore — although there are
results demonstrating the possibility of enrichment of magnetite in sedimen-
tary environment and this might cause an anomaly — we have not found an
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explanation for the origin of this material. Our idea is that in all probability
a superimposed effect of several sources has been encountered. In possession
of all geophysical data measured in this region our view is that these sources
should be located within the pre-Tertiary basement. Nemesi et al. [1994]
succeeded in carrying out modelling in which the source was at a depth of at
least 6 km, i.e. really within the basement. Sefaraassumes a complex body
as the source of the anomaly, which consists of parts with normal and reverse
magnetization or several bodies with normal magnetization but various
dippings. Pasteka [1996] obtained by means of Werner deconvolution
7-7.5 km for the upper boundary of the source. In the next paper of this
volume [Draskovits et al.] we return to this problem, taking into account
the results of other methods as well.
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Magneses anomaliak a DANREG projekt tertletén

Wolfgang Seiberl, Kovacsvélgyi Sandor, Jan Sefara, Szabo Zoltan

A DANREG projekt teriiletén az attekint6 magneses mérések mar kdzés munkank meg-
kezdése el6tt léteztek, de mindharom orszagrél kilon-kalon. A szlovéak részrél Buargl és Kunz
1955-ben, a magyar részrél Haaz, Komaromi 1966-ban, az osztrak részr6l Gutdeutsch, Seiberl
1987-ben jelentetett meg térképet.

Az 1. abran lathato egységes térkép a Bécsi Egyetem Geofizikai Tanszékén késziilt és az
ELGI-ben nyomtattuk ki az egységes DANREG topografiai alapra.

Az egységes térkép megszerkesztésének egyik feladata abbol adoédott, hogy az eredeti
mérések egy része foldi AZ mérés volt, mas részei viszont kiilonb6z6 magassagokban mért, l1égi
AT mérések voltak. Az atszamitas az (1) és (2) képlet segitségével kdzelitéen megoldhatd, az
inklinacié szamitasa Aczél és Stomfai [1968] képlete alapjan tértént. A kilénb6z6 epochara
vonatkoz6 normalterek egységesitése Niemegk, Wien-Koblenz, Firstenfeldbruck, Hurbanovo,
Nagycenk, Surlari, Grocka, L’Aquila obszervatériumok id8soranak felhasznalasaval tortént
[Szabs 1985]. Az obszervatériumok id6sorabdl meghatarozott fiiggvény segiségével 1980,0
epochara szamitottuk at a kiillénbdzé orszagok magneses alaphal6zatanak méréseit. Az iddbeli
valtozassal korrigalt alaphal6zati adatokbdl kiegyenlitéssel hataroztuk meg a féldmagnese teret
legjobban megkozelitd masodfok( fliggvény egyitthatdit. Hogy az orszaghataroknal fellépd
torzulasokat elkeriljik, a Bécsi Egyetem Geofizikai Tanszékén a mért és transzformalt adatokbol
eléallitott kdzos adatrendszert az ELGI-ben javitottuk az egységes és nemzeti normalterek
killonbségével. A térkép megrajzolasa a kozés DANREG topografiai alapon a SARHiIDAI-féle
térképszerkeszt6 programmal az ELGI-ben tortént (1. abra).

A térkép anomaliairdl a kovetkezéket kell kiemelniink.

— A legszembetiin6bb anomalia a Karpatokon beliil a legmélyebb medencének megfeleld
helyen talalhat6. Els6 latasra hasonl6 ivet latunk, mint a Karpatoké, vagy a gravitacios
fejezetben lathatd, Uledékhatastol megtisztitott gravitacids térkép maximum vonulata.
Ezekhez egészen hasonlé a projekt keretében végzett magnetotellurikus mérésekkel is
alatdmasztott Raba-Hurbanovo-Didsjen6 szerkezeti vonal ive. A magneses anomalia
hatéi a szeizmikus és magnetotellurikus mérések eredményeivel 6sszhangban, egy-
értelm(ien a harmadkori medence aljzatdban, legfeljebb annak felszinén vannak. A
magneses hatok — bar nem azonosak a gravitaciés hatéval — feltétlenil kapcsolatban
vannak azzal, tébbnyire annak peremén talalhatok [Nemesi et al. 1994].

— A magyarorszagi teriileten (a térkép K-i felén) talalhato, tagolt magneses anomaliakép,
a Borzsony és a Dunazug hegység felszini miocén kord vulkanizmusaval magyarazhato.
Feltlin6 a Didsjendi diszlokacios 6v hosszan elnyult pozitiv anomalia sora.

— Ausztria terlletén a térkép szinte anomaliamentes, legalabbis az alkalmazott szintvo-
nalkdzokkel. Ha az egész Bécsi-medence sirlibb izovonal-kdz(i magneses térképét
néznénk, akkor téinne fel, hogy itt egy olyan regionalis magneses anomalia keleti végéhez
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értiink, amely Minchent6l indul és Salzburgon, Bécsen at kapcsolodik a Morva ano-
maliaval. Ennek a Proto-Eurépa anomalianak a hat6ja 10-20 km mélységd. A Ferté-td
kornyékére kisebb Kiterjedési zart anomaliak marjellemzék és valoszin(ileg miocén koru
vulkanizmussal magyarazhatok.

— Meg kell emliteniink szlovak és magyar teriileteken is olyan kis amplit(ddju anomaliakat,
amelyek az eredeti részlet-térképeken latszanak és altalaban fiatal, esetenként pannon
kor( bazalt-vulkanizmus hatasai.

A hatok mélységének meghatarozasara mar 1966-ban is végeztek szamitasokat [Posgay
1967]. Legutobb a DANREG program keretében, osztrak részrél A rna+t végzett hatdszamitasokat
aWerner-féle, haromdimenziés modellez6 algoritmus felhasznalasaval. Az Gjabb eredmények nem
kulénboznek lényegesen a régiekt6l, igy a térkép legmarkansabb (GabGikovoi) anomalidjara, a
korabbiakhoz hasonléan, 4 km-es mélységet kaptak, amelyet viszont a szeizmikus és magnetotel
lurikus adatok nagy valdszinlséggel kizarnak. A Fert6-t6 Ny-i oldalan, a ruszti 24 nT érteki
magneses anomalia hatomélységére 1,5 km adddott (2. abra).
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Geophysical exploration of Quaternary formations in the
area of the DANREG project
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It was striking for the DANREG project’s Geophysics Team that in the area of the Danube’s
thick Quaternary detrital cone (especially between Bratislava and Gy6r) not more than a dozen
wells penetrated the detrital cone of about 3000 km2 surface extension. Therefore an effort was
made to fill the gaps with common Hungarian-Slovak VES and IP measurements. The results are
presented as three apparent resistivity maps for different penetration depths, a thickness map of
the coarse gravel sequence and a map of the thickness of the complete Quaternary sequence. An
attempt was also made to carry out lithological classification on a smaller area.

The Quaternary sequence in the Vienna Basin was investigated along a single profile
consisting of a few transient soundings.

Keywords: VES, transient methods, resistivity, water storage, grain size, DANREG

1. Introduction

A map of the Quaternary formations has been constructed for the whole
area covered by the DANREG project. In the central Danube Basin this map
is based first of all on geophysical data because only three drillings have
penetrated the whole Quaternary sequence in the Hungarian part of this area
and nine drillings on the Slovak side. It is for this reason that it is necessary
to present and explain the geophysical maps for regions of thickest Quaternary
formations separately, in addition to the Quaternary map for the whole
DANREG area. These items of information have been obtained mostly by

* EO6tvos Lorand Geophysical Institute of Hungary (ELGI),
H-1145 Budapest, Kolumbusz u. 17-23, Hungary

** GEOCOMPLEX a.s., 82207 Bratislava, Geologicka 21, Slovakia

Manuscript received: 20 December, 1996



134 Geophysical exploration of Quaternary formations ...

vertical electrical soundings (VES). The maximum separation of current
electrodes was up to 4 km. Soundings were located along profiles on the
Slovak side, as opposed to a quasi-grid on the Hungarian side. This survey
was performed in Hungary and Slovakia only because the large basin in
question terminates at about the Austrian border. The general objective of
the electrical survey was to recognize the horizontal and vertical extent of
the Quaternary sequence and its approximate lithology as well. This thick
Quaternary sequence is the largest and most valuable drinkwater resource in
Central Europe, thus the importance of the survey needs no explanation.

Due to the lack of sufficient geological information, an additional VES
survey was also performed. Field measurements at the Slovak and Hungarian
sides have been processed using agreed principles and a model of the same
character. Consequently, unified maps for the area of clastic sediments
deposited by the Danube could be constructed. Correct selection of processing
principles and steps has been proven by the fact that unification of the maps
was feasible in spite of the lack of data in the border region of several
kilometres’ width.

From the survey results, the simplified geological structure of the
Quaternary sediments for the area in question is as follows: Below a thin (up
to several m) and strongly variable overburden the highest resistivity (the
coarsest grain size) section of the Quaternary sequence, the gravel layer, can
be found. Below this, a sandy sequence of lower resistivity but also of
considerable porosity follows which is of Quaternary age as well. The bottom
of the water-bearing sequence in the whole area consists of low resistivity,
probably Upper Pannonianfine grainedformations. Results of the common
work of Slovak and Hungarian geophysicists are illustrated by several
apparent resistivity maps compiled for different AB separations (for different
penetration depths), by the thickness map of the whole Quaternary sequence
and that of the gravel section. In addition to these, a simplified polarizability
sketch and, as a matter of methodological interest, a lithologic sketch
(practically a hydrogeological zoning) constructed from the resistivity and
polarizability values — for the Hungarian side only — are presented. The
partial application can be explained by the fact that for instrumental reasons
the two teams were able to perform the IP measurements only by using slightly
different equipment parameters.
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2. Apparent resistivity maps

In a reconnaissance survey of larger areas, construction of such maps is
always of practical value. These particular maps show the resistivity distri-
bution at the depth of about one quarter of the actual current electrode (AB)
distance. The main advantage of apparent resistivity maps is that on the one
hand, they make it easy to recognize the structural lines, faults and other
geological features which — if they exist — could result in considerable
deviations from the horizontally layered model. And on the other hand, in
cases when sharp layer boundaries traceable for long distances are missing,
a series of apparent resistivity maps for different penetration depths gives a
good qualitative image of the lateral and vertical extent of formations of
different resistivities. Apparent resistivity maps have been constructed for
current electrode separations AB=200 m, 600 m and 1000 m.

All three apparent resistivity maps (Figs. 1 to 3) clearly indicate
coarse-grained sediments accumulated in the central part of the basin. The
resistivity highs are only slightly elongated in the flow direction, their shapes
are practically isometric.

If one examines the three maps together, vertical and horizontal exten-
sions of the gravel sequence can clearly be seen. Although unambiguous
numeric values cannot be given, the values above 200 fim approximately
indicate the coarse gravel section. The largest and highest resistivity maxi-
mum can be found on the map of smallest penetration depth (about 40-50 m,
AB =200 m) which is evident, knowing the model. Maps for larger depths
indicate that the grain size decreases continuously downwards.

Each map shows that the main carrier of sediments was the main branch
of the Danube. The peak values of the anomalies are located at the main
branch; sedimentary sequences deposited by the Moson Danube and mostly
by the Little Danube in Slovakia are of less importance. Sediments deposited
by the river Lajta are insignificant.

Definite termination of resistivity anomalies (i.e. that of the sediments)
to the north and west can obviously be explained by the surrounding
mountains because they bound the young basin. Termination to the southeast
is of a different character. The present relief does not provide any reason for
it in the vicinity ofthe city of Gy6r. Thinning of clastic sediments is supported
by the polarizability sketch (Fig. 4) as well. It is well-known that in a
sedimentary environment the polarizability highs are associated with the fine
sand-silt fraction located between sands and clays. This fraction probably
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occurs at the edges of coarse grained sequences; the maps prove this
expectation. In our interpretation the polarizability highs indicate the borders
(fine grained edge zones) of the coarse grained sequence. It is striking that
the southeastern border of the thick Quaternary sediments approximately
coincides with the Réba-Hurbanovo line. Although the causal relation has
not been proven yet, the fact of coincidence suggests that the tectonic lines
affecting the Tertiary basement possibly renewed later and this therefore
underlines the importance of neotectonic investigations.

Finally, a further interesting fact: east of the city of Gydr, where the
Danube turns towards the west-east direction, young sediments can hardly
be found. A few kilometres north and south of the Danube nearly every
anomaly disappears.
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3. Thickness map of the whole Quaternary sequence and that of its
coarse gravel section

Despite apparent resistivity maps being very reliable, experts using the
geophysical results require maps to be interpreted more easily. Since the same
geological model can be used for the whole area, the thickness map of the
whole Quaternary sequence and that of its coarse gravel section were
constructed. In spite of the integrating and approximating nature of geophysi-
cal methods, the importance and novelty of these maps should be underlined.
Prior to the DANREG project there was only very limited geological
information about the whole Quaternary sequence; in fact the paucity of
information did not allow one to draw spatial conclusions. This could be done
solely on the basis of geophysical results.

The lack of sharp boundaries, consequently the uncertainties about the
thicknesses were overcome in the following way:

— Actual depth (thickness) values obtained from several wells, based

partly on fossils, were considered as initial information. The 1-D
VES inversion started from these several basic points;

— Although the 3-layer structure of the Quaternary sequence is a
highly simplified version of the geological reality, the thickness
values obtained in this way are more reliable and the constructed
thickness maps provide qualitatively correct information.

Figure 5 shows the thickness of the coarse gravel sequence. This is the
most important sequence from the viewpoint of water storage. Its greatest
thickness — more than 300 m —can be found in the central part of the basin.
The sequence is unambiguously associated with the main branch of the
Danube. Its thickness is only about 50 m at the Little Danube. Around
Bratislava and below Gy®6r both the thickness and extension of this sequence
are insignificant.

Figure 6 shows the thickness of the complete Quaternary sequence. In
the central part it exceeds 600 m which is a new piece of information in
relation to the earlier geological concept. At several points VES up to
AB=4000 m was not enough to reach the relatively low resisitivity forma-
tions: here they must lie deeper than 700 m. For the time being, though it
has been proven indirectly only, — because in the central part no borehole
has as yet been drilled down to 600-700 m — the 300 m thickness of the
coarse grained formations and thus the correctness of the model and reality
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of its numerical parameters have already been justified. In the south-
ern-southwestern part of the map having almost circular character the effect
of sediments deposited by the river Old Réaba can be seen, similarly to every
other map. At the southeastern edge the Quaternary sediments suddenly
become rather thin, this feature can be seen on all the maps. As has already
been mentioned, this change coincides with the Raba-Hurbanovo line.

If one compares all the maps it can be seen that the greatest thickness of
the Quaternary sediments (the deepest part of the Quaternary basin) coincides
with the resistivity highs. It means that the coarsest sediments have been
deposited in the deepest (most intensively sinking) regions.

It should be noted that the whole area can generally be characterized by
the lack of surface on near-surface clayey protecting overburden (or at least
a layer of poor hydraulic conductivity). Thus, the valuable drinkwater
reservoir shown in the previous figures is not protected against surface
contamination. It is very vulnerable. This must be kept in mind when planning
or carrying out any infrastructural, land use, agricultural, water production,
traffic, etc. activities.

4. Hydrogeological zoning

In a sedimentary environment both resistivity and polarizability strongly
depend on the average grain size of the sediments; this grain size dependence
of both parameters is, however, of different character. This gives us a more
realistic image if we examine both parameters simultaneously than on the
basis of one parameter alone. Nomograms have been constructed where the
axes of the coordinate system are the resistivity and polarizability, and the
parameter of the nomogram curves is the dominant grain size (Fig. 7). With
the help of these nomograms, apparent grain diameters were determined from
the measured resistivity and polarizability values. The procedure can be
performed for different separations between current electrodes (for different
penetration depths), thus a series of lithological sketches were obtained. From
these, the sketch for the depth interval from 0 to 200 m is presented (Fig. S;
from the water storage point of view, the key to the areas is: 1—best; 2—good,;
3—medium; 4—poor; 5—disadvantageous).

The average grain size increases from the clay fraction to the coarse
gravel as indicated from green across yellow to brown. This map indicates
the coarsest formations in the central part of the young basin as well.
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This sketch could be constructed for the Hungarian side only because of
the different IP measurements already mentioned. Considering, however, the
identical character of the resisitivity maps at the two sides of the Danube and
the similar behaviour of polarizability, a considerably different lithological
image on the Slovak side cannot be expected.

Summarizing: The centre of the young basin —which is filled with clastic
sediments from the Danube — can be found at about half way between
Bratislava and Gy6r, at the Old Danube. Here the greatest thickness of the
Quaternary sediments reaches 600-700 m, and that of the coarse gravel
sequence exceeds 300 m (at the same site). Thickness isolines and resistivity
anomalies are practically of circular shape. Consequently, the sedimentation
process on the Slovak and Hungarian sides must have been the same or very
similar. The southeastern edge of the thick Quaternary sequence coincides
with the Raba-Hurbanovo line. East of Gydr young sediments occur only in
a zone of several kilometres width; their thickness is insignificant. In general,
there is no proper protecting layer above the water-bearing formations.

5. Geophysical investigations in the Vienna basin

No financial resources were available for systematic geophysical inves-
tigations of the Quaternary formations in the Vienna basin. At the closing
stage of the DANREG project, however, a magnetotelluric profile of
northwest-southeast orientation was measured in the basin. Although the
uppermost several hundred metres could not be investigated by magnetotel-
lurics, this depth interval should also be known in order to be able to interpret
the MT measurements. Therefore transient electromagnetic soundings were
carried out along the profile (Fig. 9).

Twenty soundings with 4-6 km separation can by no means result in
surprising new discoveries. The profile is, however, so characteristic that it
is worth presenting here as well.

It is striking that the profile of the depth interval from the near-surface
down to about 800 m can be divided into three parts (Fig. 9). In the southern
part, high resistivity Quaternary clastic sediments (gravel) of the Danube
practically do not occur or are only a few metres thick, thus they cannot be
detected by our measurements. Below them lies a sequence of 40-80 fim
resisitivity and about 30 m thickness which is probably a continuation of the
lower (sandy) section of the Quaternary formations obtained at the Slovak
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and Hungarian sides of the Danube. Northwards along the profile, the
situation considerably changes at the Danube. We consider the resistive
sequence reaching even a thickness of 600 m to be very similar to the large
alluvial fan below Bratislava. Coarse gravel of resistivity above 100 Qm can
be found near the surface. This is underlain by finer grained sandy formations
with continuous transition to the Pliocene clayey sequences (decreasing
resistivity, decreasing grain size downwards). At the last two points to the
north, flysch formations of Upper Cretaceous and Paleocene age can be found
on the surface. Consequently, the electrical image obtained from the transient
measurements changes completely.

This little example suggests that geoelectric methods can play an
important role in the survey of the alluvial fan of Quaternary age in several
parts of the Vienna basin.
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A negyedkori 6sszlet geofizikai kutatdsa a DANREG teruleten

Draskovits Pél, Helena Tkaovova, Sérés Laszlo

1. Bevezetés

Ez a kutatasi tevékenység nem terjed ki a DANREG teriilet egészére. A maximalisan 4 km-es
tapelektroda tavolsagokkal végzett vertikalis elektromos szondazasok (VESz) elsGsorban a Pozsony
és GyOr kozotti medence kdzponti részén voltak jelentdsek, ahol kordbban csak alig tucatnyi
farassal harantoltdk a kvarter kor( Osszletet. (A Szigetkoz teriiletén minddssze harom furasban
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fartak at a teljes kvarter dsszletet és a Duna szlovak oldalan sem sokkal tébben). A szlovék és
magyar geofizikusok egyeztetett mérési és feldolgoz6 programok alapjan dolgoztak és igy mod
nyilt arra, hogy a Duna hordalékkupjanak vertikalis és horizontalis elterjedésérél egységes képet
nyerjenek.

A hordalékklp negyedkori 6sszletének foldtani felépitése nagy vonalakban a kovetkez6: a
legfeljebb néhany méter vastag fed6képz6dmények alatt a rétegsor legnagyobb fajlagos ellenallasu,
durva-kavicsos Osszlete telepiil, majd alatta a finomabb szemcséjli homokos 6sszlet. Ez utobbi
kett6 a legfontosabb viztarolo. A kvarter fekiije a finomhomokos fels6 pannon. Az egyes 6sszletek
kozott az atmenet folyamatos, éles réteghatarok nincsenek. Ez az oka annak, hogy az Osszlet
jellemzésére latszolagos ellenallas térképeket is szerkesztettiink és ahol a GP méréseket is
felhasznalhattuk, ott egy kisebb tertileten kisérletet tettiink litologiai térképvazlat szerkesztésére

is.
2. Alatszdlagos ellenallés térképek

Harom térképet szerkesztettiink, a harom tapelektréda tavolsaghoz (AB=200 m, 600 m és
1000 m) tartoz6 térképek (1., 2. és 3. abra) jol tukrozik a dunai hordalékkip vizszintes és
horizontalis elterjedését. Behatolasi mélységnek durvan az AB/4 értékeket tekinthetjik. A dur-
vakavics fajlagos ellenallasa 200 fim-nél nagyobbra becsiilhetd. A harom térképet egytt szemlélve
latszik, hogy a mélység ndvekedésével a durvakavics elterjedése egyre kisebb és egyre nyilvan-
valébb, hogy az Os-Duna hordalékkapjardl van sz6. Erdemes azonban megfigyelni, hogy mig a
hordalékkip elterjedését altalaban a mély medence kdzponti részével definialhatjuk, a délkeleti
elvégz6dés kissé meglepd: a Raba-vonal zénajaval esik egybe. Ezt a hatart rendkivil szemléletessé
teszik a GP maximumok, amelyek a durvaszemcsés Osszlet elterjedésének hataran Iépnek fel
(4. abra). Eredményeink a neotektonikai folyamatok vizsgalatanak sziikségességére hivjak fel a

figyelmet.
3. Adurva-kavicsos dsszlet és a teljes kvarter dsszlet vastagsaganak térképei

A geologusok, hidrogeoldgusok egyszeriibben értelmezhetd eredményeket, példaul vastagsag
térképeket vartak a geofizikusoktél. A korabban emlitett vastagsag bizonytalansagokat Ugy
enyhitettiik, hogy a VESz kiértékelést néhany farasban 6smaradvanyok alapjan megallapitott
vastagsag adatokra alapoztuk.

Az 5. dbra a durvakavicsos 0sszlet vastagsag térképe. Vastagsaga Lipot kdzség térségében
eléri, s6t meghaladja a 300 m-t. Egyértelm{en a Duna mai féaganak teriiletéhez kothetd és feltlind,
hogy a Gy®ér alatti szakaszon sem vastagsaga, sem elterjedése nem szamotteve.

A 6. abra a teljes kvarter koru 6sszlet vastagsagat mutatja. A kdzponti részeken 700 m-nél
is nagyobb értékeket talalunk. Szembet(ing, hogy a Duna hordalékkupjan kivil a délnyugat fel6l
benydl6 Raba hordalékkipnak van még nagyobb jelentdsége (vastagsaga). A Raba-vonalnal a teljes
Osszlet hirtelen kivékonyodasa is megfigyelhetd, csakigy, mint valamennyi kvarter térképiinkon.

Megfigyelhetd, hogy a kdzponti medence terliletén gyakorlatilag hianyzik a felszinrél egy
rossz vizvezetd képesség(l, kisellenallasu, agyagos fedd. igy a térképeinken abrazolt értékes
ivovizbazis felllrdl védtelen.

4. Hidrogeoldgiai (litoldgiai) osztalyozas

Mint ismeretes, a k6zetek fajlagos ellenallasa és polarizalhatésaga is fligg a szemcsemérettdl,
de nem egyforman. A két paraméter egyittes mérésével a tapasztalati Uton szerzett, 7. abrankon
lathatd diagram segitségével a tapelektrodak altal definialt kutatasi mélységig meghatarozhatjuk
az atlagos szemcseméretet. llyen térképet a behatolasi mélység fliggvényében tobbet is szerkesztet-
tink. Példaként itt a felszint6l 200 m mélységig el6forduld dsszlet atlagos szemcseméretének
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horizontalis valtozasat lathatjuk (8. abra). Sajnos, csak a magyar oldalon, mert a szlovak és magyar
GP miszerek altal mért paraméterek nem azonosak. Errél a térképrél is megallapithatjuk, hogy a
legdurvabb frakcié a mai Duna kdzelében talalhatd és attdl tdvolodva egyre agyagosabb ez az
Osszlet.

5. Geofizikai kutatasok a Bécsi medencében

A DANREG program befejez6 szakaszaban keriilt sor a Bécsi-medencében egy 80 km hosszu
magnetotellurikus vonal lemérésére. A 20 mérési ponton a felsd (mintegy 800 méteres vastagsagu)
Osszlet tanulmanyozasara tranziens elektromagneses szondazasokat végeztiink. Az eredmények a
9. abran lathaték. Az abra fels6 részén a latszdlagos ellenallas szelvény, az als6 részén a
geoelektromos rétegszelvény lathato.

Feltin6 a szelvény északnyugati és délkeleti felének kiilonb6z6sége. A Dunatol északnyugatra
megjelend nagyellenallasu képz6dményeket durvakavicsnak, homokos kavicsnak értelmezhetjik.
Ez minden bizonnyal a Duna hordalékkupjaval azonosithatd, mert fizikai tulajdonsagai felt(in6en
egyeznek a Pozsony-Gy6r kozotti hordalékkipon mért adatokkal, noha mélyfurasi és 6slénytani
adatok hianyaban nem allithatjuk, hogy barmelyik réteghatarunk egyértelm(en azonosithaté a
kvarter fekijével. A kvarter-felspannon atmenet itt is folyamatos, ugrasszer(i szemcseméret és
mas fizikai paraméterhatar nincs.

Erdekes még, hogy a szelvény északi része, a felskréta paleogén flis képz6dmények teriiletén
milyen hatarozottan kilondl el a szelvény tobbi részét6l. A Dunatol délkeletre pedig érzékelhetd,
hogy itt gyakorlatilag nincs kvarter, a kisellenallasi agyagos Osszlet alatt a nagyellenallasu
lajtamészkd és annak kristalyos aljzata egyetlen geoelektromos réteg. E zonatol a magyar teriiletek
felé a Kisalfold medencéjének szegélyét lathatjuk, még finomszemcsés, vastagodo kvarterével és
pannon képz6dményeivel.
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The Geophysics Team of the DANREG project has constructed the contour map of the base
Pannonian for Hungarian and Slovak territories using new measurements and reprocessed earlier
measurements. The contour map of the pre-Tertiary basement has been made more correct based
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jend and the Mur-M{rz lines.

From integrated interpretation of gravity, magnetic, magnetotelluric and seismic surveys the
conclusion has been drawn that the gravity and magnetic anomalies in the 8 km deep Neogene
basin lying between Bratislava and Gy6r having their source within the basement can be explained
by thinning of the crust, and by elevation of the mantle and the asthenosphere (mantle plume).
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1. Geophysical results concerning the thickness of the Pannonian
and lithofacies issues

Formations of Pannonian age can be found primarily in the large basin
between Bratislava and Komarom, and in the Vienna Basin. Reflection
seismic measurements played a decisive role in the investigation of the basins;
such surveys were performed everywhere, although with different line
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density. (Unfortunately, we have not received seismic material from the
Austrian territory, therefore we can discuss in detail only the Slovak and
Hungarian territories.) The most important thing is to point out that the
strongest reflections which can unambiguously be traced on the time sections
as well were obtained from the layer underlying the Pannonian series within
the basins. Thus, one of the most reliable results of geophysical investigations
is the depth map to the bottom of the Pannonian sequence (Fig. 1).

The Slovak and Hungarian maps — although based on measurements
performed at different times, with different instruments, with different line
density, and though the processing methods were also different — fitted
perfectly along the border, in spite of the fact that the depth to this horizon
is zero at the edges of the basin (e.g. at Bratislava or Tata), but exceeds even
the 5 000 m in the central basin (at Gabcikovo).

To construct the map the seismic measurements of Geofyzika Brno were
used in Slovak territory. VVNP expert H ruSecky constructed the map from
the up-to-date reprocessed versions of sections [HRUSECKYet al. 1993]. The
seismic material in Hungarian territory comes from the measurements of the
Hungarian oil industry (GKV) and partly from the measurements of ELGI.
At the beginning of the DANREG project the map constructed by the GEOS
group which combined the results of the two Hungarian institutions was
available. This was modified in the deepest part of the basin based on the
most recent measurements of ELGI performed in the framework of the
Kisalfold and DANREG projects, using the results of Papa, Herczeg and
Szeidovitz.

Determination of the thickness of the layers overlying the Pannonian is
by no means unambiguous. Although the 5000 m thick sedimentary sequence
is rich in reflections neither the bottom of the Quaternary nor the boundary
between the Pliocene and Pannonian (between the Lower and Upper Pan-
nonian according to others) is a characteristic horizon for any geophysical
method. This is probably due to the continuous sediment deposition. Geoelec-
tric measurements revealed a monotonous decrease in resistivity downwards
which suggests a general downward decreasing trend in the grain size. (This
is also clearly demonstrated by the magnetotelluric measurements shown in
Fig. 2). Thus, we ventured to determine the thickness of the overlayers only
along some profiles; these were handed over to the Geological Working
Group as working material.

It is mentioned for the sake of interest that the resistivity of the complete
Neogene sedimentary sequence, and particularly of the Pannonian forma-
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tions, is about two times higher in one of the largest and deepest basins of
the Carpathian Basin than the usual value in the other sub-basins. It is
interesting to connect this with the fact that here hydrocarbon exploration did
not bring outstanding results. The higher resistivity reflects either a grain
size not fine enough for hydrocarbon generation or the sediments are more
cemented and this is an obstacle to migration or there is no really impermeable
layer which is a prerequisite of trapping after migration.

2. Geophysical results in tectonic studies

Tectonic maps are, of course, based on surface observations, aerial and
satellite images, well data and results of geophysical surveys. Compilers of
the DANREG tectonic maps used all these kinds of information. They
examined all utilizable seismic profiles from the region, and carefully studied
the fractures in the basement and the “flower structures’ within the sediments.
Because no data are available in the deep basins attempts were made, for
example, at drawing tectonic conclusions from the gravity data available
everywhere. The filtered maps, gradient maps and the so-called lineament
maps can be used for that. A dozen versions of these maps were constructed
because effects caused by sources at different depths and of different lateral
dimension, sometimes not by tectonic features but simply by changes, say,
in rock density can be enhanced by different filters. There are, however,
tectonic features which are clearly reflected already in the Bouguer anomaly
map, by reduced isoline separation, e.g. the Hurbanovo-line. In Figure 9 of
the chapter on gravity [Sefara, Szabc present issue] that version of the
lineament map series is shown which enhances those variations of the gravity
field showing the closest correlation with different verifiable geological and
geophysical data and can be interpreted as effects caused by faults and
structural lines. This map should be considered as an extension of reliable
information from certain areas to less reliable, less known areas.

One of the most significant results of geophysical surveys is the
Réaba-Hurbanovo-Didsjend line detected by the magnetotelluric method.
This result is of special interest because the geological literature has been
dealing with the question of the Raba-line only since 1949 [Scheffer 1965].
Sometimes it was mentioned as the most significant structural line of the
region, sometimes as a mistake and therefore does not exist. Different ideas
were elaborated about its location if it did, indeed, exist, and there were
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different ideas about its continuation on Slovak territory. The existence of
the Riba-line was confirmed by the magnetotelluric measurements of the last
one and half decades, its location was determined; measurements carried out
in the framework of the DANREG project in the last five years demonstrated
that the Raba-line continues in the Hurbanovo-line in Slovak territory, then
in the so-called Ditsjend dislocation zone (Fig. 2). The magnetotelluric
measurements revealed the differences primarily in the basement formations
at two sides of the line. Atthe S, SE side of the line, where the Transdanubian
Central Range can also be found, a geoelectric layer of 1-3 fim was detected
within the basement at a depth of 4-10 km. The two areas can unambiguously
be distinguished even by qualitative analysis of the sounding curves measured
N and S of the line because the curves are strikingly different (Fig. 3). The
low resistivity of this deep layer can be explained in different ways (lithologic,
petrologic or hydrochemical origin), its presence remains a basic fact and
demonstrates the boundary nature of the line within the basement. The
magnetotelluric measurements keep the Raba-Hurbanovo-Didsjend line

Fig. 3. Characteristic magnetotelluric sounding curves from two sides of the Raba-Hurbanovo
line, a) station SDU3-7 can be found on the northern; b) station SDU3-4 on the southern side
of the line
3. abra. Jellegzetes magnetotellurikus szondazasi gorbék a Raba-Hurbanovo vonal két
oldalarél, a) SDU3-7 allomas az északi; b) SDU3-4 allomas a déli oldalrol
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within a 4-6 km zone along a length of almost 250 km. The plane of the fault
cannot be determined from the measurements but this striking difference
between the two sides of the line suggests a strike-slip structure rather than
an overthrust.

Seismic characteristics of the Raba-line were studied by KiLENYiet al.
[1991]. They described significant differences in the reflection image of the
basement, in the dip of the basement reflections, and how the reflections can
be traced. On the other hand, it is interesting that so-called flower structures
reflecting tectonic movements can be found on the S side of the Raba-line in
the Neogene sediments while on the N side the seismic image suggests a more
or less undisturbed layering.

The paleomagnetic surveys are also worth mentioning [Marton 1990].
According to these the Transdanubian Central Range unit got into its present
place after significant strike-slip and rotation before the Neogene period and
this unit might belong to the African plate. The N side, with completely
different paleomagnetic directions is part of the Indo-European plate.

Any of the theories might be true but it is certain that the geophysical
measurements unambiguously detected the R&ba-Hurbanovo-Didsjen6 line
based on different physical parameters.

Magnetotelluric investigation of the Vienna basin

Measurements financed by the Austrian GBA were carried out in the last
year of the DANREG project, which joined the Hungarian section of the
magnetotelluric profde K-1 and traversed the Vienna basin. The measure-
ments provided interesting data about the depth of the basin, resistivity of the
sediments and the bedrock but these meant no substantial novelty compared
with the previous knowledge. It is worth mentioning, however, that approach-
ing the Bohemian Massif the Upper Cretaceous-Paleocene flysch is much
closer to the Neogene formations bearing in mind its physical parameters
(similarly to the situation in the Carpathian basin) than to the Mesozoic-Pa-
leozoic rocks of the pre-Tertiary basement. But the magnetotelluric image of
the Mur-Mirz line is even more interesting. We can see not only sharp
changes in the depth of the basin and physical parameters of the sediments
along the magnetotelluric profile at this line (at the Danube) but a typical
subduction zone was revealed as well. The conductor which appears close to
the basement in the vicinity of the Danube gets deeper southeastward. We
could trace this conductor for about 20 km down to a depth of several tens
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of kilometres (Figs. 2 and 4). The phenomenon can be explained as the
southeastward subsidence of the oceanic plate, the Mesozoic basement of the
Vienna basin below the continental plate with crystalline basement.

We are aware of the different opinions about the type, nature and
mechanism of genesis (subduction, strike-slip or combination of these) of
these two significant tectonic lines, viz. the Rdba-Hurbanovo-Dosjené and
Mur-Mirz lines. According to the magnetotelluric measurements the
geoelectric images of these lines are completely different. Along the
Réaba-Hurbanovo-Diodsjen6 line the sediments seem to be uniform from the
surface down to the bottom of the Neogene at the two sides of the line, flower
structures might appear in the Neogene-Pliocene sequence only. The layers
within the basement, their dip and resistivity are entirely different. Evidence
of subsidence of any of the microplates, however, cannot be seen. (This
suggests strike-slip.)

In addition to the deep structure suggesting typical subduction at the
Mur-Mdrz line it is obvious that (at the crossing of our profile and the Danube)
the thickness of the Pleistocene coarse-grained gravel is several hundred
metres on the left bank (based on the resistivity distribution), whereas on the
right bank of the Danube this layer is either completely missing or its thickness
is insignificant.

In our opinion the above facts should be taken into consideration in
creating different theories independently of the idea finally accepted by the
tectonics experts.

3. Investigation of the pre-Tertiary basement

The basement of the Neogene basins is one of the geophysically best
detectable horizons in the Carpathian basin and in the Vienna basin after the
formations underlying the Pannonian because there is a significant difference
between the physical parameters of the basement and non-metamorphic young
sediments. In spite of this almost every geophysical method encountered
difficulties in the area of the large central Danube-Réaba basin. It has been
shown that gravity and magnetic anomalies are caused by sources within the
basement or crust. The frequency range of telluric measurements was
sometimes too high because of the unexpected great depths. Dynamite
seismics struggled with drilling difficulties due to the gravel deposit of the
Danube, the great depth caused lack of energy for the vibroseis method.
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Finally, all methods encountered interpretation problems because no wells
penetrated the basement and therefore none of the geophysical horizons could
be identified as basement. This problem appeared, however, only in the
regions deeper than 6 000 m. The map shown in Fig. 5 is based primarily
on the seismic measurements, in addition to well data. The basis of the depth
map of Fig. 5 is the the ‘Pre-Tertiary Basement Contour Map of the
Carpathian Basin beneath Austria, Czechoslovakia and Hungary’ constructed
by KILENYL, SEFARA, SUTORA, BIELIK, KROLL, STEINHAUSER, WEBER, PINTER
and Szabé using the results of OMV, Geofyzika Brno, SLOVNAFT, OKGT
and ELGI, and well data [Kitenyi et al. 1991]. Just because of the above
mentioned problems of the deepest basin parts Hrusecky and Sefara con-
structed new map parts from up-to-date reprocessing of earlier measurements;
in Hungarian territory Nemesi and Szeidovitz modified the existing map
based on new telluric, magnetotelluric and seismic measurements (Fig. 5).

4. About the internal structure of the basement (crust)

Geophysical textbooks and standard geophysical knowledge explain the
gravity and magnetic anomalies by thickening of the young low density basin
sediments, by basement structures or buried volcanic masses; these are the
most obvious explanations.

In this situation it is enough to look at the Bouguer anomaly or magnetic
AT anomaly map and at the contour map of the pre-Tertiary basement to
recognize that these standard interpretations cannot be applied here. The
Bouguer minimum of the Vienna basin suggests a much larger mass defi-
ciency than that ofthe large Danube-Réaba basin between Bratislava and Gydr,
though the depth to the basement is 5 000 m in the first, and 8 000 m in the
latter one. We look in vain for similar features like the intensive magnetic
anomalies of the central basin in the gravity or basement contour map, there
is no correlation between them. And we look in vain for the volcanites in the
reflection image of the most up-to-date seismic section K-1 (Fig. 6), those
certainly do not exist down to a depth of 8 000 m in the deepest part of the
basin. These facts have led us to search for other explanations for the
phenomena. Recent calculations with different geophysical methods and joint
interpretation of the results found the explanation in crustal structures and
phenomena probably suggesting a mantle plume.
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The starting point of our studies was that there is a series of maxima in
both the magnetic and stripped gravity maps that follows the curve of the
Réaba-Hurbanovo line; the sources of these maxima certainly lie below the
surface of the pre-Tertiary basement. These sources can be found in the area
marked TI" along the deep seismic profile K-1 measured between Bratislava
and Gy6r and shown in Fig. 6. In this section there are no reflections within
the crust, the Mohorovicic discontinuity cannot be seen but before the
reflections disappear there are signs suggesting an upward trend in the
horizons.

Finally, it is necessary to point out that the existence of a crust-mantle
anomaly in the central Danube basin is obvious; in the Vienna basin anomalies
of varying intensity can be obtained depending on the density parameters and
these anomalies are negligible compared to the previous ones. Thus, the
existence of a mantle plume is unlikely here.

After that, gravity modelling was performed using the MAGIX program
(INTERPEX Ltd.). In Figs. 7 and 8 modelling of the straightened seismic
profile K-1, running between Bratislava and Gyér, is shown. The difference
between the two figures is that one of them represents the elevation of the
lower crust and mantle with a step-like structure, while the other one with a
continuous transition. The density model is based on published data, the
density of the ‘upper granitic crust’ is 2.7 t/m3 the density of the Tower
basaltic crust’ is 0.3 t/m3, that of the upper mantle is 0.5 t/m3higher. Results
of modelling correlate closely with the seismic section. In its northern half,
N of the crust-mantle structure the Mohorovicic discontinuity can clearly be
seen (Fig. 6). Thus, here we have data for the thickness of the crust as well.
It can also be seen on the section that in its northern part reflections were
obtained from the crust, while in its other half, as far as the R&ba-line where
the source of the gravity anomaly is located the seismic image is free of
reflections. (It is mentioned that although they cannot be seen in the figure
we have numerous seismic sections which show that S of the southern edge
of the source —i.e. S of the R&ba-line —there are reflecting horizons again
within the basement.)

This kind of gravity interpretation is supported by the seismic image and
interpretation. It correlates also with the magnetotelluric results; the depth
to the bottom of the Neogene is about 8 km and the depth to the gravity source
is 10 km.

Sources of the magnetic anomalies should be searched for within the
basement. Seismic and magnetotelluric measurements absolutely preclude the
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Fig. 7. Gravity model calculation along the seismic profile K-1 (for suddenly descending
model). 1—granite layer of basement and crust; 2—basalt layer of crust (its density is 0.3 t/m3
higher than that of the basment); 3—mantle (its density is 0.5 t/m3higher than that of the base-
ment); 4—Bouguer anomaly without the effect of the Neogene basement; 5—calculated Bouguer

effect of the crust-mantle elevation in the model

7. dbra. Gravitacios hatasszamitas a K-1 jell szeizmikus szelvény metszetében (hirtelen
mélyilé modellre). 1—az alaphegység és a kéreg granit rétege; 2—a kéreg bazalt rétege (amely-
nek slr(isége 0,3 t/m3-rel tébb, mint az alaphegységé); 3—a foldkdpeny (amelynek s(ir(isége
0,5 t/m3-rel tobb, mint az alaphegységé); 4—a neogén medence hatasatol megtisztitott Bouguer-
anomalia érték; 5—a kéreg kopeny kiemelkedés szamitott Bouguer hatasa modelllinkbél

possibility of sources within the sedimentary sequence. This holds true for
the sources of the anomalies of larger extent and amplitude even if some wells
penetrated Miocene andesite below the Pannonian sequence, e.g. close to the
Réaba; and smaller Pliocene basalt bodies can be found on the surface too.
After that it was obvious that one should assume a common interpretation
and identical sources of the gravity and magnetic anomalies. This has,
however, partly failed. It can only be said that the location of the magnetic
anomalies coincides with that of the gravity anomalies, but they can some-
times be found in the middle, sometimes at one of the edges of the gravity
source; sometimes in the fault zone bordering the gravity source, sometimes
between two fault lines (borders). If we consider the conclusions drawn from
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Fig. 8. Gravity model calculation along the seismic profile K-1 (for slowly descending model).
1—granite layer of basement and crust; 2—basalt layer of crust (its density is 0.3 t/rrr higher
than that of the basment); 3—mantle (its density is 0.5 t/m3higher than that of the basementO;

4—Bouguer anomaly without the effect of the Neogene basement; 5—calculated Bouguer effect

of the crust-mantle elevation in the model

8. dbra. Gravitacios hatasszamitas a K-1 jell szeizmikus szelvény metszetében (lassan mélyild
modellre). 1—az alaphegység és a kéreg granit rétege; 2—a kéreg bazalt rétege (amelynek
s(irlisége 0,3 t/m3-rel tobb, mint az alaphegységé); 3—a foldkopeny (amelynek slrlisége
0,5 t/m3-rel tobb, mint az alaphegységé); 4—a neogén medence hatasatél megtisztitott Bouguer-
anomalia érték; 5—a kéreg kopeny kiemelkedés szamitott Bouguer hatdsa modelliinkbél

the magnetic measurements alone then due to the ambiguity of the inversion
the magnetic body can be placed equally within the sedimentary sequence,
at the depth of the basement or even deeper, using either the oldest or the
most up-to-date inversion techniques. If we take into account the depth and
geothermal conditions of the basin, a Curie temperature of 578 °C can be
expected at depths between 10 and 25 km. As sources of the intensive
anomalies bodies with a susceptibility of 3-7-10'3Sl, with significant exten-
sion but with a density not higher than 2.7 t/m3can be imagined (because
such bodies do not cause gravity anomalies) whose upper surface lies close
to the basement. Thus, finally a magnetic interpretation can be found which
is not in contradiction with other data. These magnetic bodies can be assumed
as low density (2.7 t/m3 andesitic or basaltic bodies intruding upwards (not
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higher than up to the bottom of the sediments) from the melt mantle plume
along the weakened zones.

One of the authors (Sefara) attempted to summarize these ideas and
constructed a model based on all investigations performed up to now and
aimed at determining the structure of the crust and mantle beneath the
Danube-Réba basin which is in harmony with each result (Fig. 9).

The results used are taken from:

Ibrmajer et al. [in Bucha et al. 1994], HruseckYet al. [1993] for

seismics;

Cervetal. [in Bucha et al. 1994], Varga et al. [1993] for magne-
totellurics;

Babuska et al. [in Bucha et al. 1994], Horvath [1993] for seismo-
logy;

PosGAYet al. [1989], Horvath [1993], Sefaracet al.[ in press] for
the Mohorovicic discontinuity

The profile has been chosen to comprise all problematic features of the
stripped map, including the Gabcikovo magnetic anomaly. The density
distribution is derived from different observations, especially from velocity
sections with perpendicular sections necessary to estimate the velocity
anisotropy. At the surface we take into consideration direct density measure-
ments if pre-Tertiary rocks outcrop. Density distribution of deep structures
is the continuation of the PREM model applied to the given area and
accepting the increase in density towards the Earth’s core. Asthenospheric
masses in which a decrease in density due to partial melting can be supposed
are exceptions.

Features of anomalies, especially the seismic and magnetotelluric image,
show updoming or uproofing in the central part of the Danube-R&ba basin.
The Mohorovicic discontinuity has a similar vaulted shape. Detection of very
low resistivity inhomogeneity within the Mohorovicic basement [Cervet al.
[in Bucha et al. 1994, Varga 1992] made the model more complicated. Its
character might suggest relicts of partially melted masses, most probably in
the form of outlet paths of geothermal energy by convection (see the form of
the Curie isotherm). Another medium of the heat outlet could be the young
uncontaminated basalt as was shown in the area of the Lucenec basin [Sefara
et al. in press].

Other anomalies in the stripped map, especially the Kolarovo gravity
anomaly, are interpreted as a high density mass outlet of lower crust origin.
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Fig. 9. Schematic integrated geophysical model of deep seated structures in the Danube-Raba ba-
sin. Explanations: Agsedim.=Vz cor.—gravity effect of the Tertiary sedimentary layers, as a cor-
rection to the Bouguer anomaly (Age), leads to the stripped gravity map (Agsirp.Y,

VzAiod. —gravity effect of the deep seated models; AT —measured and dT-calculated magnetic
anomaly; G.A.— Gabcikovo anomaly incorporated into the model from the side (see Fig.3).
Legend: 1—seismic results (reflection boundaries); 2—very low resistivity layers from MT,;
3—density model (densities in g/cm3); 4—magnetic model (units in 103 SI); 5—boundaries;

a: lithosphere-asthenosphere; b: upper mantle-lower crust (Mohorovicic discontinuity); c:
lower crust-upper crust; 6—Curie isotherm in °C
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A possible explanation for the Gabcikovo magnetic anomaly could be an
ongoing recent metamorphism outreaching to the sedimentary filling, repre-
sented by increased resistivities downward from about 5 km, especially in
the area of higher temperature. The reason for this explanation is the high
susceptibility of the source and the lack of comparability of seismic and
magnetotelluric results. In this case the magnetic body would have higher
susceptibility due to the high temperature close to the Curie point and it would
belong to one of the lower tectonic units of the Alp-Carpathian tectonic
system.
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A nagymeélységd kutatdsok eredményei a DANREG tertileten

Nemesi Laszld, Jan Sefara, Varga Géza, Kovacsvélgyi Sandor

1. A pannon fekli mélységtérképe

A DANREG teriilet hozzaférhet6 geofizikai kutatasi eredményei kozdétt talaltunk olyan
szeizmikus, magnetotellurikus kutatasi eredményeket, amelyek csak kozvetve szolgaljak a progra-
mot, vagy csak adatszint(i informéaciéi bizonyos geolégiai térképeknek, rész-projekteknek (példaul
a tektonikanak, a harmadkor el6tti aljzat kutatasanak, stb.). Masrészt lattuk e kiadvany cikkeiben
és térképein, hogy a gravitacios és foldmagneses térképek nem magyardzhatok az altalanosan ismert
és tobbnyire bevalt metodikaval (minimum=medence, maximum=kiemelkedés). A magnetotel-
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lurikus és szeizmikus kéregkutald szelvényekkel egyiitt azonban kéreg- és kopenyszerkezeti
kovetkeztetéseket vonhatunk le. A kdvetkez&kben ezeket az eredményeket ismertetjik.

Kutatasi terlletink mély medencéinek meghatarozo jelent6ség(i tledéke a pannon dsszlet.
Ennek fekiije a szeizmikus mérések legmarkansabb, folyamatosan kovethet6 reflexios szintje. Azt
mondhatjuk, hogy a geofizika legbiztosabb eredménye a medencékben.

Sajnos, osztrak teriiletr6l nem sikeriilt ezeket az adatokat megszerezni. A térkép alapadatai
szlovék teriileteken a Geofyzika Brno mérésein alapulnak, amelyekbdl Gj, modem feldolgozd
programok felhasznéalasautan Hrusecky €s Sefara szerkesztett térképet. A magyar oldal méréseit
nagyobb részt a GKV, kisebb részt az ELGI végezte. Ezekb6l a 80-as évek végén a GEOS GMK
szerkesztett térképeket a MAFI meghizasabdl. Késdbb a Kisalfold és a DANREG témaban az
ELGI-nek voltak tjabb mérései, amelyek eredményeit felhasznalva Papa és Herczeg nyoman
Szetoovttz Gy8z06né, a tellurikus és magnetotellurikus mérésekkel lefedett teriiletekrél Nemesi
szerkesztette az itt k6zolt valtozatot. A szlovak és a magyar térképrészlet az els6 kisérletre is szinte
tokéletes egyezést mutatott az orszaghataron (1. abra).

A DANREG projekt geoldgiai programjaiban kilon téma az alsépannon és a felsépannon.
Ezek vastagsagardl, litofaciesér6l kulon-kilon térképet kivannak szerkeszteni. Ebben azonban
kevés segitséget tudunk nyujtani, mert az also- és fels6pannon hatar (csakigy, mint a korabban
szintén bemutatott kvarter-felsépannon hatar) a folyamatos tledékképz6dés miatt nem jelent éles
fizikai hatart (sem szeizmikust, sem elektromost). Mivel ezek miatt korabban ilyen térképeket nem
szerkesztettek, e téma keretében csak néhany most mért szeizmikus és magnetotellurikus szelvény-
ben vizsgalhattuk ezt a kérdést. Ezeket a geologus kollegaknak at is adtuk, de 6nallé térképek
szerkesztésére anyagaink nem elégségesek.

A pannon 0Osszletek litologiai tulajdonsagair6l tajékoztat fajlagos ellendllasuk is. Mas
kozép-eurdpai részmedencék fizikai paramétereivel vald Osszevetés kapcsan feltind, hogy az
atlagellenallas itt mintegy kétszerese a szokasosnak. Lehetséges, hogy ezzel magyarazhaté e nagy
részmedence eddig feltlin6en gyenge szénhidrogén perspektivitasa. (A fajlagos ellenallas nagyobb
lehet, ha durvabb a szemcseméret. Ekkor a képzddés feltételeivel lehet gond. Lehet az dsszlet
cementaltabb, ez a migraci6é akadalya. Kevesebb lehet az agyagos, zard fedd, ekkor nem alakul
ki csapda.)

2. A geofizika eredményei a tektonika kutatasaban

A DANREG tektonikai munkacsoportja végignézte a fellelhet6 szeizmikus szelvényeket és
beépitette anyagaiba. Azonban mas eredményeink is kdzvetve vagy kozvetleniil tektonikai vo-
nalakra engednek kovetkeztemi. Mar a gravitacios térképek targyalasanal bemutatott Bouguer-
anomalia térkép is sejteti példaul a Hurbanovo-vonalat. A lineamens térkép alapvet6 célja pedig
éppen a tektonikai hatasok kiemelése a gravitacios mérési eredményekbdl.

A geofizikai kutatasok egyik legmarkansabb eredménye azonban a magnetotellurikus mé-
résekbdl szarmazik. A Raba-Hurbanovo-Di6sjend vonalat egyértelmden e program keretében és
ezek a mérések definialtak (2. abra).

A Raba-vonalrol 1949 6ta olvashatunk [Scheffer 1965], de létét vagy lefutasat, a Hur-
banovo-vonallal valé kapcsolatat sokan tagadtak, vagy egészen masként gondoltak. Ezek a mérések
azonban egyértelm(ivé tették, hogy a vonaltol délre a dunantili-kbzéphegységi tipusi aljzatban
4-10 km mélységben 1-3 Qm fajlagos ellenallasu ,elektromos réteg” van, ami a vonaltol északra
nem létezik. A 3. abran bemutatjuk a vonal két oldalan mért magnetotellurikus ellenallasgorbék
kozotti meggy6z6 kilonbséget. Barmilyen (litologiai, k6zettani, hidrokémiai) oka is legyen e
kisellenallasu réteg létének, ezzel a mddszerrel mintegy 250 km hosszlUsagban, 4-6 km széles
savon belil kijelolhetlink egy éles hatart. Az a tény, hogy nem sikerilt kimutatni, hogy melyik
»lemez” cslszik a masik ala, az oldaleltolodasi elméleteket [Marton 1990, Balla 1984 ] erdsiti.
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A magnetotellurikus kutatdsok masik kiemelked6en érdekes eredménye a Bécsi-medencét
harantol6 szelvényben lathatd a 2. abran is, valamint a csak ennek az ausztriai szelvényszakasznak
2-D inverzios feldolgozasat bemutat6 4. abran. A szelvény északnyugati szélén (az 1. és 2. mérési
pontoknal) megfigyelhetjik, hogy a felszinen talalhatd fels6kréta-paleogén korl flis fajlagos
ellenallasa Iényegileg nem kiilénb6zik a neogén képz6dményekétél. E zonatol délre, a 12. pontig
a Bécsi-medence 2-5 km vastag kisellenallast neogén tiledékeit, ennek fed6jében a nagyellenallasu
kvartért, fekijében pedig (mezozoo6s) aljzatat latjuk. A 12. ponttdl délkelet felé megjelenik az
aljzatban és egyre mélyiil az a 2-5 fim-es anomalia, amely a szubdukcidk tipikus képét mutatja.
Ez a hatar az ismert Mur-Miirz vonal, amelynek északnyugati felén a Bécsi-medence mezozoos,
Oceani, alabuko aljzata, déli felén a kontinentalis paleozods kristalyos aljzat ismert.

3. A harmadkor el6tti aljzat kutatasa

A neogén aljzat a geofizika szamara a (pannon fekii utan) az egyik legbiztosabban kimutathatd
szint. A medenceteriiletek 5-6 km-nél mélyebb részein azonban nehézségeink voltak. Nemcsak a
mélyfarasok adatai hianyoznak, de a nehezen flrhatd, laza kavicsos felszin miatt a robbantasos
szeizmikus méréseknek és a vibratoros méréseknek is (a nagy mélység miatt is) energia-problémaik
voltak. A gravitacios és foldmagneses anomaliak jelent6s hanyada épp a kritikus helyeken jelent6s
aljzat- (kéreg-) szerkezeti anomaliakkal terhelt, a leggyakoribb tellurikus pulzaciok nem érik el az
aljzatot, stb.

A terlilet mas részein azonban az els6sorban szeizmikus, kismértékben magnetotellurikus
méréseken alapulé kutatas lényegesen megbizhatébb. Az 5. &bran lathatd térképiink az OMV, a
Geofyzika Brno, a SLOVNAFT, a MOL és az ELGI mérésein és mélyfirasi eredményein alapul.
A DANREG program keretében lényegileg a fenti cégek adataibol Kitenyi et. al. [1991] altal
szerkesztett térképet pontositottuk az Gjabb szeizmikus és tellurikus-magnetotellurikus kutatasok
eredményeinek alapjan, féleg a tertilet k6zépsd részén.

4. Az aljzat (a kéreg) bels6 szerkezetér6l

Mar ebben a kiadvanyban is tobb helyen utaltunk arra, hogy a Bécsi-medence 5000 m-es
mélységi (harmadkor el6tti) aljzata a Bouguer-anomalia térkép alapjan mélyebbnek tiinik, mint a
Pozsony-Gy6ri-medence, amely pedig 5. abrank szerint a 8000 m-t is eléri. Ha az tiledékhatastol
megtisztitott gravitacios térképre néziink (gravitacios kutatasi eredmények 8. abraja), épp ez utébbi
mélymedence teriletén talalunk egy 40 mGal-os maximumot, amelynek déli hatara a Raba-Hur-
banovo-vonal. Ugyancsak megfigyelhetjik, hogy az e kiadvanyban k&zolt magneses térkép
kozponti teriiletének magneses maximuma alakjat és elterjedését tekintve mennyire kapcsolddik
a fent jelzett anomalidkhoz.

Ezt az anomaliat harantolja a Dunaval parhuzamosan futé K-1 jel( szeizmikus szelvény
(6. dbra). Ennek északi részén 9-10 s kdzott még lathatd a Mohoroviéic diszkontinuitas és mas
kéregbeli reflexids szintek is, de a gravitaciés-magneses anomaliak (,,117-vel jelolt) teriiletén mar
egészen a szelvény itt lathatd végéig (amely durvan a Raba-vonalnal van) a szeizmikus kép zavaros,
reflexiok nemjeldlhet6k ki. A gravitacios és foldmagneses hatdkat tehat ebben a mélységtartomany-
ban kell keresnink. A 7. és a 8. abran lathaté modellszamitds az INTERPEX Ltd. MAGIX
programjaval készilt. A két valtozat kdzotti killénbség csak annyi, hogy a hat6 a kdrnyezetéhdl
egyenletes emelkedéssel, vagy lépcs6s vet6k mentén nyomult be és a felszint6l mintegy 10 km-es
mélységig (tehat csaknem aneogén aljzatig) jott fel. A mélybeli hat6 fels6 részéta 2,7 t/m3sdrlségl
aljzatnal 0,3 t/m3-rel slrlibb bazaltos alsé kéregnek, als6 részét a kéregbe nyomulé kopeny
anyagnak tekintjik.

A magneses anomaliak hat6ja nem azonos a gravitacios hatoval, mar csak az 578 °C értéki
Curie-pont miatt sem, de azzal szoros kapcsolatban van és mindenképpen a hatotestek donté tomege
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az aljzatban keresend6. A magneses hatok helyileg hol a gravitacios haté szélein, hol a kdzepén
talalhatok, de s(iriségeik a normal aljzat s(ir(iségétél alig kiilonbozhetnek.

Végil sefara professzor dsszefoglalasul bemutat egy modellt (9. abra), amelyet a Bécsi-
medencébdl indulva mintegy 200 km hosszusagban alkotott meg. Ehhez felhasznalt minden olyan
Gjabb ismeretet, amelyet a térség mélyszerkezetér6l, kéreg- és kopenyszerkezetér6l 1989 és 1994
kozott publikaltak. A modellnek az eddig nem részletezett részletei koziil kiemeljik azt, hogy a
Duna-medence kdzponti részében asztenoszféra kiemelkedést is feltételez. A hivatkozott szerzék:
Bucha etal. [1984], Ibrmajer [in Bucha etal. 1984], Hrusecky et al. [1993], Babuska [in
Bucha etal. 1984], Horvath [1993], Posgay et al. [1991], Cerv, Pex [1987], Varga [1992].
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