Bouguer anomaly map
One of the main topics of the DANREG programme
was the construction of a unified Bouguer anomaly map
for the project area. Since the area forms a 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 available gravity values may 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 dates 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. Since
each national gravity network was based on its own single
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 date of 1971, later converted to an
absolute system (CSAPÓ 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 neighbouring countries, so they had to
be carried out in the framework of the DANREG programme (CSAPÓ et al. 1993).
Though the interconnecting measurements between
Austria and Hungary revealed a 40 m Gal discrepancy
between the dates 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–
Slovak border.
A further problem was that a significant part of the
Austrian gravity data, obtained by ÖMV, were 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.
The unification of the height systems presented 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:
HAdriatic – HBaltic = +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 programme developed by ELGI. The randomly distributed
anomaly data were interpolated to an 800 m grid by spline
interpolation and this 800˘800 m grid furnished the input
for the contouring programme. The final version of the
Bouguer anomaly map is presented in a scale of 1:200 000
as appendix.
With regard to the accuracy of the Bouguer anomaly
map the estimated error of ±0.35 mGal was determined for
the Slovak part by Molodensky's method (ˇEFARA 1987).
Since the accuracy of measurements and the determination
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/km2 point 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 being
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, constituting the basement,
are at or near the surface, i.e. in the western and eastern
parts of the region. In the central part, where the basement
lies at a depth of 7000–8000 m, the anomalies are flat and
have low gradients due to the masking effect of the thick
sedimentary cover.

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. If the Earth was
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 subsurface 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. As a rule, sharp anomalies are caused by nearsurface 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
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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 enhance certain elements and to suppress others, depending on the aim of the
investigation.
As a result of anomaly separation we can speak about
regional, residual and derivative maps. But the term
“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 while 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 mention the target of prospecting: the meaning of the
term “residual” in the case of ore prospecting means something completely different than in the case of oil exploration.
According to PINTÉR & 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 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. Accordingly
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 exception of the
initial assumptions, there is the Kolárovo 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 maps as
well.
Mathematical separation by convolution requires randomly distributed elementary bodies, without mutual
dependence. In structural interpretation this requirement
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is not fulfilled because of highly different parameters
(ˇEFARA 1986) tending to arrange the lithospheric masses
in isostatic equilibrium, which is a natural trend of each
system. As further shown in stripping, such a system leads
to mutual compensation of gravity effects of separate
masses. In addition, the individual fields (Bouguer's)
undergo coherence (ˇEFARA 1986) and the frequency content of the resulting field can be highly different from the
frequency fields of the individual geologically defined
inhomogeneities. 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.

Filtered maps
Within the framework of the DANREG programme,
we have prepared several versions of regional-, residualand 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˘800 m data set and these created the
input for further transformations.
Three kinds of classical filtering were performed and
the maps were constructed. Although interesting conclusions could be drawn from the maps, we obtained more relevant information for the structure of crust and mantle
using two other methods. Therefore instead of the filtered
maps we present these, the stripped gravity map and the
gravity lineament map.

Stripped gravity anomaly 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 topography
of the basement and on subsurface density data we can
produce a gravity map free of the effect of any unconsolidated sedimentary layers.
As the central part of the DANREG programme area
coincides with the Danube–Rába 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 programme,
stripped gravity maps were prepared both for the

tinuous 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–Mürz Line —the main, south-eastern tectonic line of
the Vienna Basin— is reflected, while in the Bratislava–Pezinok Line the main tectonic directions of the
Little Carpathians can be recognized. East of the latter, the
N–S directions become dominant.
4. The Sopron–Bruck area (that of the Leitha Hills) is
characterized again by short, discontinuous directions,
such as that of the Transdanubian Range, reflecting the
minor shallow structures.
Analysis of the lineament map is a useful tool for the
tectonic interpretation of the region, especially in the deep
basin areas.

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 character-

ize quite well with their smooth forms the deep basin areas
and with their more disturbed forms those parts where the
pre-Tertiary rocks are at 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–Mürz and Hurbanovo–Diósjenõ lines.
We would like to call attention to two curious 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–Rába
Basin. The second main feature of the map is that the Kolárovo gravity maximum lies in the intersection of the
Rába and Hurbanovo–Diósjenõ lines. It is our conviction
that the Kolárovo 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, the 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 information available for the area,
to the Mohorovièiæ discontinuity will increase.

References
BIELIK, M. 1991: Density inhomogeneities of the Earth's crust of
the Intra-Carpathian region. — Contrib. Geophys. Inst. Slov.
Acad. Sci. 21, 79–92.
BLAKELY, R. J., SIMPSON, R. W. 1986: Approximating edges of
source bodies from magnetic or gravity anomalies. —
Geophysics 512/7, 1494–1498.
BUCHA, V., BLIZKOVSKY, M., BURDA, M., KRS, M., SUK, M.,
ˇEFARA J. et al. 1994: Crustal structure of the Bohemian
Massif and the West Carpathians. — Praha–Heidelberg,
355 p.
CSAPÓ, G., MEURERS, B., RUESS, D. & SZATMÁRI, G. 1993:
Interconnecting gravity measurements between the Austrian
and the Hungarian Network. — Geophysical Transactions
38/4, 251–259.
CSAPÓ, G., SZATMÁRI, G., KLOBUSIAK, M., KOVÁCIK, I., OLEJNIK,
S. & TRAGER, L. 1995: Unified gravity network of the Czech
Republic, Slovakia and Hungary. — Gravity and Geoid.
International Association of Geodesy Symposia 113, 72–81.
FUSÁN, O. 1987: Basement of the Tertiary of the Inner West
Carpathians (in Slovak). — Bratislava, 123 p.

FÜLÖP, J. & DANK, V. (eds) 1987: Geological map of Hungary
without the Cenozoic. — MÁFI Budapest.
KILÉNYI, É., KRÖLL, A., OBERNAUER, D., ˇEFARA, J.,
STEINHAUSER, P., SZABÓ, Z. & WESSELY, G. 1991: PreTertiary basement contour map of the Carpathian Basin
beneath Austria, Czechoslovakia and Hungary. —
Geophysical Transactions 36/1–2, 15–36.
MESKÓ, A. 1984: Regional Bouguer gravity maps of Hungary. —
Acta Geodaet. Geophys. et Mont. 18/1–2, 187–200.
PINTÉR, A. & STOMFAI, R. 1979: Gravitational model calculations. — Geophysical Transactions 25/1, 5–31.
ˇEFARA, J. 1986: Various aspects of lithospheric density interfaces
modelling. — Sbor. geol. ved–Uzitá geofyzika 21, 9–28
ˇEFARA, J. (ed.) 1987: Structural and tectonic map of the inner
West Carpathians for purposes of mineral deposits and geophysical interpretations. Explanation to map series (in
Slovakian). — Bratislava, 267 p.
SZABÓ, Z. & PÁNCSICS, Z. 1994: Physical parameters of rocks in
the Pannonian Basin (in Hungarian). — Unpublished report,
ELGI, Budapest.

553

