




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 DT 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 deficiency than that of the large Danube–Rába
Basin between Bratislava and Gyõr, though the depth to the
basement is 5000 m in the former, and 8000 m in the latter.
We look in vain for such features like the intensive mag-
netic anomalies of the central basin in the gravity or base-
ment contour map, there is no correlation between them.
And we look in vain for volcanites in the reflection image
of the most up-to-date seismic section K–1, those certainly
do not exist down to a depth of 8000 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.

The starting point of our studies was that there is a
series of maxima in both the magnetic and stripped gravi-
ty maps that follows the curve of the Rába–Hurbanovo
Line. The sources of these maxima certainly lie below the
surface of the pre-Tertiary basement. These sources can be
found along the deep seismic profile K–1 measured
between Bratislava and Gyõr. In this section there are no
reflections within the crust, the Mohorovièiæ discontinu-
ity 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 part of the Danube
Basin is obvious. In the Vienna Basin anomalies of varying
intensity can be obtained depending on the density param-
eters, these are negligible if compared to the previous ones.
Thus, the existence of a mantle plume is unlikely there.

Subseqently, gravity modelling was performed using the
MAGIX programme (INTERPEX Ltd.). In Figs. 1 and 2
modelling of the straightened seismic profile K–1, running
between Bratislava and Gyõr, is shown. The difference
between the two figures is that one of them displays the ele-
vation of the lower crust and mantle with a continuous tran-
sition, while the other one with a step-like structure. The
density model is based on published data, the density of the
“granitic upper crust” is 2.7 t/m3, the density of the “basaltic
lower crust” is by 0.3 t/m3, that of the upper mantle is by 0.5
t/m3 higher. The results of modelling correlate closely with
the seismic section. In its northern half, N of the crust-man-
tle structure the Mohorovièiæ discontinuity can clearly be
seen. Thus, here we have data for the thickness of the crust
as well. In the northern part of the profile reflections were
obtained from the crust, while in its other half, as far as the
Rába Line where the source of the gravity anomaly is locat-

ed the seismic image is free of reflections. (It is mentioned
that we have numerous seismic sections which show that S
of the southern edge of the source (i.e. S of the Rába Line)
there are reflecting horizons again within the basement.)

This kind of gravity interpretation is supported by the
seismic image and its 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 meas-
urements absolutely preclude the possibility of sources with-
in 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 Rába; and smaller Pliocene basalt
bodies can be found on the surface, too. Accordingly it was
reasonable to 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 are found sometimes in the middle,
sometimes at one of the edges of the gravity source, some-
times in the fault zone bordering the gravity source, some-
times between two fault lines (borders). If we consider the
conclusions drawn from 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 a
depth between 10 and 25 km. As sources of the intensive
anomalies bodies with a susceptibility of 3–7 1̆0–3 SI, of
considerable size but with a density not higher than 2.7 t/m3

can be imagined (because such bodies do not cause gravity
anomalies), the upper surface of which lies close to the base-
ment. Thus, finally a magnetic interpretation can be found
which is not in contradiction with other data. These magnet-
ic bodies can be assumed to be low-density (2.7 t/m3)
andesitic or basaltic bodies intruding upwards (not higher
than up to the bottom of the sediments) from the melt man-
tle plume along the weakened zones.

Geophysical results in tectonic studies

Tectonic maps are, of course, based on surface obser-
vations, aerial and satellite images, well data and results of
geophysical surveys. The compilers of the DANREG tec-
tonic maps used all these kinds of information. They exam-
ined all utilizable seismic profiles from the region, and
carefully studied the fractures in the basement and the
“flower structures” within the sediments. Since no data are
available in the deep basins attempts were made, at draw-
ing tectonics for example, conclusions from the gravity
data available everywhere. The filtered maps, gradient
maps and the so-called lineament maps could be used. A
dozen versions of these maps were constructed because
effects caused by sources at different depths and of differ-
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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 Komárom, 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 density. (Unfortunately, we have received no
seismic material from the Austrian territory, therefore we
can discuss in detail only the Slovak and Hungarian terri-
tories.) The most important thing is to point out that the
strongest reflections which can unambiguously be traced
on the time sections as well have been obtained from the
layer underlying the Pannonian series within the basins.
Thus, one of the most reliable results of geophysical inves-
tigations is the depth map to the bottom of the Pannonian
sequence (see the attached sheet).

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 5000 m in the central basin
(at Gabèíkovo).

To construct the map, the seismic measurements of
Geofyzika Brno were used in Slovak territory. VVNP
expert HRU�ECK˝ constructed the map from the up-to-date
reprocessed versions of sections. The seismic material in
Hungarian territory comes from the measurements of the
Hungarian oil industry (GKV) and partly from the meas-
urements of ELGI. At the beginning of the DANREG pro-
gramme 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 Kisalföld and 
DANREG programme, using the results of PÁPA, HERCZEG

and SZEIDOVITZ.
The determination of the thickness of the layers over-

lying 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 Pannonian according to others) is a
characteristic horizon for any geophysical method. This is
probably due to the continuous sediment deposition. Geo-
electric 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 the attached sheet.) Thus, we ventured to determine the
thickness of the cover sequence 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 resistiv-
ity of the complete Neogene sedimentary sequence, and
particularly of the Pannonian formations, 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 has not been successful. 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.
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