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Statistical study of ground geophysical potential field data
from areas of East Hungary

Sandor KOVACSVOLGYI*

Results are presented of new statistical studies that follow the method of our earlier Trans-
danubian (West Hungary) studies, but now data are used from areas in East Hungary. In the latter,
the geophysical image is much more complex than that experienced in Transdanubia. In particular, a
new element is the anomalously high conductance of certain Pannonian sediments and the gravity
step running roughly along the Middle Hungarian Line. A gravity anomaly map reduced with the
average curve characterizing the Transdanubian basement depth—Bouguer anomaly connection
was constructed for the whole territory ofthe country based on which certain megastructural blocks
can be delineated. Results of statistical studies may well be of support in the interpretation work of
applied geophysics.
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1. Introduction

With the completion of East Hungary’s telluric database and the area’s
telluric conductance map (Enclosure 1) it is now possible to carry out an
integrated statistical study of the geophysical potential field results from
the regions covered by measurements. This work is a continuation of an
earlier analysis carried out on the Transdanubian area [KOVACSVOLGYI,
OCSENAS 2000], and it pursues a similar methodology.

2. Basic data, methods of study

Three geophysical data systems (Bouguer anomaly, geomagnetic
anomaly, telluric conductance) are available from the area, and there is a
map of the pre-Tertiary basement’s surface. Because the density and
reliability of the individual data differ, the various peculiarities of the data
sets are briefly reviewed.

* MOL Hungarian Oil and Gas Co., Upstream. H -1 117 Budapest, Budafoki ut 79. Hungary
Manuscript received: 20 June, 2005.
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— The map ofthe surface ofthe pre-Tertiary basement [KILENYI, SEFARA
1991] was fundamentally constructed from borehole and seismic data,
and in areas without such data by taking into account telluric and gravity
anomalies. The map’s reliability is variable because it depends on the
existence of real data concerning the depth to the basement in the given
area; it indicates the wells used in the course of construction and charac-
terizing certain areas.

—The basis of the gravity data set is the national gravimetric database
[KOVACSVOLGYI 1994, M i1 ANKOVICH 1995]. Ina considerable part of
the area surveying took place along roads typically 2-3 km apart, with a
station separation of 500 m. In some earlier hydrocarbon investigation
areas, measurements were performed ina grid of 500*500 m, and in the
Bikk and Matra mountains in a quasi-grid with a density of
8-16 station/km2. The estimated accuracy of Bouguer anomaly values
is 0.1 mGal. This data network permits construction of a reliable
interpolated 2*2 km grid (see Enclosure 1).

— The basis of the geomagnetic data system is the national geomagnetic
database [MILANKOVICH 1995]. This consists of the stations of
countrywide reconnaissance ground AZ measurements performed and
uniformly processed in the 1950s and 1960s. During the course of
processing the map constructed was published on a scale of 1:500 000
[HAAZ, KOMAROMY 1966]; it is now presented on a scale of
1.1 000 000 as part of Enclosure 1 of the present publication. The
measurement stations form a quasi-grid of 1.5*1.5 km. The estimated
accuracy of the observations is 5 nT. The anomaly values determined
for the measurement stations were interpolated in a grid of 2*2 km.

—The telluric database includes data of measurements performed in
different exploration projects. The density of measurement stations is
different in the individual sub-areas; there are absolutely no
measurements in the areas of basement outcrops, but several large
connected areas without data can be found in the basin areas as well.

Thus, we were able to construct a reliable 2*2 km grid for the whole
area for three of the four different data systems. Therefore, the concrete
survey area was put into shape bearing in mind the absence oftelluric data.
Because statistical processing does not require connected polygons formed
by the subareas that were studied, the following method was chosen: only
those 2*2 km squares were involved in the statistical study in the area of
which at least one telluric measuring station can be found.
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Theoretically the Bouguer anomaly and the telluric conductance are
closely connected with the depth to the pre-Tertiary basement. Because the
density and electric resistivity of the basement are higher than those of the
overlying sediments, by increasing the basement depth a decrease in the
Bouguer anomaly values and an increase in telluric conductance can be
expected. The aim of statistical processing is, on the one hand, to check
where and under what kind of circumstances the above statement is valid
and, on the other hand, to delineate those areas where the connection
between the above three parameters can be considered identical.

Judging from our earlier correlation studies [KOVACSVOLGYI 1999] it
cannot be expected on a countrywide scale that a connection exists between
the magnetic anomalies and the three other parameters. At the same time, it
cannot be excluded that such a connection exists locally (e.g. when the
source of the magnetic anomaly can be found at the surface of the pre-
Tertiary basement), therefore magnetic anomalies were also taken into
account in the study.

Similarly to the Transdanubian studies [KOVACSVOLGYI, OCSENAS
2000] at first the overall area was divided into several large regions and in
these the statistical connections between the depth to the basement and the
Bouguer anomalies and, on the other hand, the telluric conductance were
separately studied, then cluster analysis was carried out over the regions,
and the connections between the parameters were separately examined
within the area of the individual clusters.

To investigate the connections between the depth to the basement and
the geophysical parameter values for 500 m wide intervals of the basement
depths the average of the basement depths and of geophysical parameters
belonging to the points of the given data set falling into the given interval
were calculated, and plotted as curves. To increase the statistical data
number and to smooth the random fluctuations the 500 m wide interval was
shifted on and on by 250 m (half width) to obtain the next interval. Those
points at the edges of the curves where averaging is unreliable due to the
low data number were not taken into consideration and are not plotted in
the curves.

A central non-hierarchic cluster analysis was applied. This procedure
considers the standard values of n parameters as coordinates of an n
dimensional space. Initial core centre coordinates were randomly ordered
to each cluster after which data were compartmentalized to that cluster to
whose core centre they lie closest. After determining the real centre of the
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division developing in this way classification into clusters is repeated. The
procedure is reiterated until the classification no longer changes (i.e. all
points remain in the cluster they reached in the previous iteration step).

For the regions, cluster analysis was carried out with four parameters
(complete data systems), and with three parameters (without the magnetic
anomalies). Each four-parameter experiment showed that the magnetically
anomalous points were arranged in a separate cluster, i.e. involvement of
magnetic anomaly values in the study did not lead to new information:
instead, it decreased the efficiency because this parameter influences the
position of the core centres in the ‘non-magnetic’ clusters as well.

The optimum number of clusters was experimentally determined. In
the case of each region the four-cluster division proved to be the most
informative; application of 5-6 clusters provided excess information only
in the case of division into preliminary (incorrect) regions (see later).

2.1. Delineation ofregions

Statistical studies do not take into account the geological-geophysical
content of the applied data. Thus, the smaller the site we work on the more
efficient the study because the smaller the site the more likely it is that the
geological-geophysical conditions do not change essentially, or we expe-
rience only one or two statistically detectable essential changes. At the
same time the smaller the site the lower the data number, this worsens the
possibilities for statistical processing. In that the investigated site repre-
sents almost half of our country’sterritory; it seemed to be a prerequisite to
separate the regions about which it is known in advance that they
essentially differ from each other. Because the two geophysical parameters
primarily depend on the depth to the basement, separation according to the
basin structure seemed to be plausible. According to the delineation shown
in Fig. 1, region 1falls within the Northern Middle Ranges. Because there
were no telluric measurements in the outcrop areas, the area that was
actually studied includes only the edges of the mountain ranges and the
smaller inner basins. Region 2 is a deep graben, 4 is an area crossed by deep
grabens and elevations, while region 3 is a featureless, relatively shallow
(about 2 km deep) basin lying between 2 and 4. The strike of the lines
separating the regions coincides with the area’s main tectonic, ENE-WSW,

direction.
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Fig. 1. Location of preliminary regions
1 abra. Elsédleges régiok elhelyezkedése
Figure 2 shows the statistical connection between the depth to the
basement and the Bouguer anomaly values for the four regions. It can be

said that the curves of re-
gions land 2, and 3 and 4,
respectively, run very
close to each other; there
is, however, a 6 mGal dif-
ference between the two
groups: the two northern
regions are at a much
lower anomaly level. A si-
milar phenomenon is ex-
perienced in Fig. 3 that
shows the statistical
connection between the
basement depth and tel-
luric conductance. The
four curves — at least from

-B-3

Fig. 2. Dependence of Bouguer anomalies on depth to
the basement surface

2.4bra. A Bouguer-anomalidk fliggése az aljzatfelszin

mélységétol
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a basement depth of
15 km — form two
groups: the curves of the
two northern regions land
2 show a level of
200-300 S lower than the
curves of the southern re-
gions 3 and 4. These
findings demonstrate that
our initial division was not
correct because it seems
that the parameters do not
form four, but only two 3.4bra. Atellurikus vezet6képesség fiiggése az
groups. At the same time aljzatfelszin mélységét6l
a simple contraction of Fig. 3. Dependence of telluric conductance on depth to
. . the basement surface

groups is not a necessarily
correct solution because it is not definitely known whether the boundary
between the ‘northern’and ‘southern’types runs at the edge of the Middle
Hungarian Graben. For the sake of a more accurate grouping average
curves were constructed for both connections and the points were classi-
fied according their position, i.e. the corresponding parameter pairs were
located above or below the average curve. The above grouping based on the
Bouguer anomaly—basement depth and telluric conductance—basement
depth connections led to similar results; finally, delineation of regions was
performed on the basis of the Bouguer anomaly—basement depth con-
nection because the regions’diversity and similarity here definitely present
themselves throughout the whole depth interval (see Figs. 2 and 3).

Figure 4 shows the locations of the ‘northern’ and ‘southern’ type
points. Finally, three regions were marked out: classification of the Nyir-
ség (this is a larger region than the geographical territory) as an inde-
pendent region isjustified by the fact that the two types occur on areas of
approximately equal extent, but the ‘northern’ type points can be found in
the southern part of the region, while the *‘southern’ type ones in the
northern part. At the same time geological information is also the most
deficient here: in the absence ofreal data the applied basement depth map is
in large measure based upon telluric and gravity data; in other words, the
statistical connection, i.e. the basis for division, possibly might also partly
be a consequence of the map construction procedure.
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Fig. 4. Location of final regions
4. dbra. Végleges régiok elhelyezkedése

The boundary between the northern and southern regions runs roughly
along the axis line of the Middle Hungarian Graben. Because here we were
concerned with a division of statistical character, it was practical to check
its reality along the profiles (lines: Fig. 4, 1, 2).

Profile 1 crosses the widening, branching part of the graben. The line
of Bouguer anomalies (Fig. 5) is ‘abnormal’ along the total length of the
profile. Inthe 0 km-15 km section, over the gradually deepening basement,
slightly ascending Bouguer anomalies are experienced. The Bouguer ano-
malies go up ever more steeply from here, and they reach a maximum at
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42 km, over the basin’s

deepest point. From

=) S here a moderate de-
14 _ 1000 ;

crease in  Bouguer

conductance / > 4 anomaly values ac-

e ; w4, 500 . L

companies the rise in

Bouguer*— the basement. Based

_ on the anomaly image

sediments two effects, independ-

2.5 N ent of basin structure,

can be detected as well.
5.0 A pronounced maxi-
km mum accompanies the

0 20 40 60 km deep basin, as was

Fig. 5. Profile 1 already  successfully

5. &bra. 1 szelvény demonstrated locally

in several parts of the

Pannonian Basin [POSGAY et al. 1995, KOVAcsvOLGY! 1999, KOVACS-

VOLGYI, OCSENAS 2000]. In addition, a step-like effect prevails as well

that can be detected along the whole profile, as a result of this -5 mGal

belongs to a basement depth of about 3 km at the NW end of the profile,

while at the SE end 12 mGal to a similar basement depth; i.e. the change is

17 mGal. It seems that this step is responsible for the existence of ‘north-

ern’ and ‘southern’ type connections. The previous effect, which is asso-

ciated with the deep basin and prevails primarily in the 30 km-55 km

section of the profile, is independent of this (at least in the geophysical
sense).

The telluric conductance curve shows a rise — although loaded with
fluctuations of varying size — roughly proportionally with the increase in
sediment thickness till 30 km. In the 30-38 km section moderate deepening
of the basin is associated with decreasing telluric conductance. In the
38-58 km section increasing telluric conductance belongs to the decreas-
ing sediment thickness, i.e. the curve also shows an effect independent of
basin structure.

Profile 2 runs over a typically wide part of the graben. The line of
Bouguer anomalies (Fig. 6) is ‘normal’ in the 0 km-10 km section; it
increases proportionally with the rising of the basement. In the
10 km-20 km section the values of Bouguer anomalies remain practically

NW SE

surface
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NW SE at the same level over the

rapidly deepening basement;

a regional positive effect

compensates the negative

effect of the increasing

0! sediment  thickness. It

should be noted that until

18 km the depth to the

basement does not reach

2500 m. In such a relatively

shallow case, however,

results both of the Trans-

danubian studies [KOVACS-

VOLGYI, OCSENAS 2000],

and of the present work (see

later) everywhere demon-

strated statistically the de-

crease in Bouguer anomalies with increasing basement depth in agreement

with the results of density studies [SZABO, PANCSICS 1999]. All these

suggest that in fact a regional effect causes the peculiarity of this section of

the profile. From 20 km the Bouguer anomaly’s line shows a rising tend-

ency independent ofthe changes in basement depth, and at the profile’s SE

end it practically sets in the 10 mGal level. Thus, the step effect experi-

enced in profile 1 can be rendered likely from 10 km to the SE end of the

profile; the extra maximum associated with the deep basin, however,

cannot be observed. The step’s magnitude is 20 mGal, -10 mGal belongs

to the 3 km basement depth at the NW end (‘normal’ section), whereas
+10 mGal to the SE end.

The NW part of the telluric conductance curve up to the graben’s axis
shows — on the whole — changes proportional to the sediment thickness.
Southeastwards from here, however, it practically sets in at about the 700 S
value; the observed fluctuations of various sizes are independent of the
otherwise rapid changes in sediment thickness.

100

Summarizing what was found from the profiles, the following can be
stated:

—The line of Bouguer anomalies suggests a density step as a result of

which the Bouguer values belonging to the same basement depth are
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about 20 mGal higher at the southeastern end of the profiles than at the
northwestern one. Other effects make determination of the step’s exact
place difficult, but it can be assumed! that it runs in the deep graben’s
neighbourhood. This step’s presence causes the gravitational
discrepancy between the detected ‘northern’ and ‘southern’ types. The
step's effect can be detected in a 40-50 km wide zone.

— Independently ofthe density step a Bouguer maximum may appear over
the deep basins.

— The behaviour of the telluric conductance changes on crossing the gra-
ben’s axis. NW of the graben telluric conductance increases together
with the sediment thickness, while SE of it it changes independently of
that.

— Based on the two parameters’ study it is realistic to draw the boundary
of‘northern’ and ‘southern’ types’ extension in the graben’s axis.

2.2. General connections between the geophysical parameters and the
depth to the basement

Figures 7 and 8 present the statistical connections between the para-
meters in the regions obtained by the final division. Our Transdanubian
studies [KOVACSVOLGYI, OCSENAS 2000] showed that the Bouguer ano-
maly—basement depth curves of those regions, especially in the 2-5 km
depth interval, run very close to each other. Therefore we determined the

Fig. 7. Dependence of Bouguer anomalies Fig. 8. Dependence of telluric conductance
on depth to the basement surface on depth to the basement surface

7. dbra. A Bouguer-anomalidk fliggése az 8. dbra. A tellurikus vezet6képesség
aljzatfelszin melységétél fliggése az aljzatfelszin mélységétél
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average curve for the whole Transdanubian material (see Fig. 7). In the
case of telluric conductance this method could not be used because the
curves of the individual Transdanubian regions showed remarkable differ-
ences, thus the average for the whole region is not interpretable. It is noted,
however, that it was a peculiarity ofthe Transdanubian regions’curves that
the rise oftelluric conductance stops somewhere between 2 km and 3.5 km
basement depth and from here the conductance remained practically at the
same level. One of the differences between the individual regions was the
precise depth that belongs to this level setting and the conductance level
itself.

According to Fig. 7 the ‘northern’ and ‘southern’ type curves, apart
from the different levels, are very similar. Down to a basement depth of
2.5 km, we experience arapid decrease, then from 2.5 km down to 4 km the
curves remain practically at the same level; at basement depths greater than
4 km the Bouguer anomaly values increase with basement depth. Com-
pared with the Transdanubian reference curve it is a significant difference
that the Bouguer values further decrease there in the 2.5 km-4 km depth
interval although the extent of this decrease is significantly smaller than in
the upper 2 km. In addition the Transdanubian curve does not show a
monotonie rise below a basement depth of 4 km but a fluctuation of values.
In the course of our earlier studies [KOVACSVOLGYI, OCSENAS 2000] we
revealed that the reason for this is that from the area’s deep basins the
elevated position of deep structural elements (lower crust, mantle) can be
found below the Little Hungarian Plain, while not below some parts of the
Drava Basin.

In the depth interval of 2.5 km-4 km the level difference between the
‘northern’ and ‘southern’ type curves is 10 mGal. This is not in contra-
diction with the step of 17-20 mGal detected in the course of the two
profiles’ study because there definite profiles were studied in contrast to
the statistical average of large areas (Fig. 7). In connection with the profiles
we found that the change in level takes place gradually in an about
40-50 km wide zone, thus this transition zone can draw considerably closer
the two curves in spatial average. The difference between the ‘southern’
curve and the Transdanubian reference curve studied at 4 km basement
depth is already 18 mGal. Bearing in mind that Transdanubia supposedly
lies outside the transition zone the 18 mGal can be considered a realistic
difference and it agrees with what was experienced from the profiles.



50 Sandor Kovacsvolgyi

To explain the higher Bouguer level ofthe ‘southern’area it would be
reasonable to consider the difference in density of formations that can be
found near to the basement surface. Geological data, however, do not
support this assumption; in addition, if this were to be correct, at small
basement depths a larger difference should be obtained between the curves
because in this case the density contrast is closer to the surface. According
to Fig. 7, however, the situation is the opposite: at 1 km basement depth the
‘southern’ curve is by 5 mGal above the ‘northern’and by 12 mGal above
the Transdanubian curve, as opposed to the 10 and 18 mGal mentioned at
larger depths. Consequently, the reason for this phenomenon could be
linked with the morphological peculiarity, probably with the density con-
ditions of deep structural elements (lower crust, mantle). Unfortunately, at
present up-to-date seismic material suitable to study this question is not
available. In the near future, however, results of the seismic lithospheric
investigations carried out in the framework of the CELEBRATION 2000
project [BODOKY et al. 2001] will be processed and published, and thus it is
worth returning to this question. It should be noted that a relatively small
elevation of the mentioned deep structural elements can already generate
the seemingly significant gravity effect. Because both at the Mohorovicic
surface and at the lower crust—upper crust boundary an about 300 kg/m3
jump in density can be expected: calculating with an infinite Bouguer plate
the effect of 18 mGal corresponds to a 1400 m elevation in one of the
mentioned horizons. If the two horizons’ morphology is similar (i.e. both
show elevation at the same place) a hardly 700 m change in level can cause
the experienced gravity step.

The curve of Nyirség significantly differs from the others. In the
2 km-3 km interval it shows a moderate rise (and its level is closer to that of
the ‘southern’ curve); starting from 3 km at first a large decrease then a
settling is experienced, as a consequence the curve gets closer to the
‘northern’ type. From 5 km the curve abruptly decreases.

Figure 8 shows the statistical change in telluric conductance as a
function of the depth to the basement surface. It can be stated that the level
setting experienced at large depths in the Transdanubian area can be
detected neither on the ‘northern’nor on the ‘southern’ curve. A possible
reason for this may partly be that good conductors may also appear in the
deep basins among the basement formations. At the same time it is known
that the resistivity of the Pannonian sediment in the Békés Basin is ex-
tremely low (2-5 fim), i.e. the local changes in the sediment’s conductance
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also influence the statistical results. The ‘southern’ curve rises more steep-
ly in the interval shallower than 2.5 km (Pannonian sediments ofthe Békés
Basin!) than the ‘northern’one; from here, however, a difference of about
200 S becomes stabilized. The curve of Nyirség practically coincides with
the ‘northern’ one in the interval shallower than 3.5 km; from here, how-
ever, it runs further horizontally.

3. Results of cluster analysis

Results of cluster analysis are plotted in cluster maps (Figs. 9—11),
where dissimilar colours mark the different clusters. The colours corre-
spond to the clusters’ average basement depth: red marks the shallowest
cluster, then yellow, green and pale blue mark the clusters with increasing
depth. In the figures (Figs. 12-17) presenting the connection between the
geophysical parameters and the depth to the basement, digit 1 corresponds
to the cluster marked with red in the maps, 2 to the yellow, 3 to the green,

and 4 to the blue clusters.
In Figs. 9-11 the country border and the Tisza river are marked to

facilitate orientation, and with contour lines the simplified version of the
KILENYI-SEFARA [1991] map as well.

3.1. ‘Southern "area

The cluster map of the area is
Fig. 9. Figure 12 presents the
Bouguer anomalies’ dependence on
basement depth, and Fig. 13 the
telluric conductance’s dependence
on basement depth.

It can be seen in Figs. 12 and 13
that clusters 1 and 2, and 3 and 4
pair-wise cover basically the same
depth interval. In the case of the two
shallow clusters the telluric conduc- Fig. 12. Dependence of Bouguer anomalies
tance curves also follow a similar on depth to the basement surface in clusters
line (Fig. 13, 1,2); the difference be- ~ °fthe ‘southern’sub-area
tween their levels is it as well. % &r% & Bougueranomara oo =
The reason for classification into a klasztereiben
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separate cluster is the differing beha-

viour of Bouguer anomalies (Fig. 12,

1, 2). Considering the curve’s shape

in cluster litis similarto the average

curve ofthe ‘southern’area (Fig. 7):

down to a depth of 2 km decreasing

tendency, considerable increase

from 3.5 km. Its level is, however,

higher by about 4 mGal. The curve

of cluster 2 (Fig. 12, 2), on the other

hand, shows peculiarities differing

) ) from the ‘southern’ average curve

Fig. 13. Dependence of telluric cond_uctance (Fig. 7): down to 2 km it increases

on depth to the basement surface in the !

clusters of the ‘southern’ subarea then from 3.5 km it rapidly de-

13.4bra. Atellurikus vezetGképesség creases, it takes place by 4-8 mGal

fliggése az aljzatfelszin mé_lységét(ﬁl adéli  pelow the ‘southern’ average curve.

tertlet klasztereiben Considering the spatial locations of

the points in cluster 2 (Fig. 9, yellow points), which can be regarded as

anomalous behaviour, it can be stated that they concentrate at the edges of

the ‘southern’area where the area’s boundaries were drawn on an ad hoc

basis because of the absence of data. As a consequence it can be assumed

that this cluster’s points are not uniform from the geological, crust struc-

tural viewpoint, those shallow areas acquired here the gravity behaviour
which differs from that of the ‘southern’areas’ typical points.

The Bouguer curves of the two clusters for deep basins (Fig. 12, 3, 4)
are similar, but cluster 4 shows a more rapid rise at greater depths than 5 km
in contrast to cluster 3. The tendency in the telluric conductance curves is
similar (Fig. 13, 3, 4: decrease down to a depth of 4-4.5 km, and increase
from there), but the level significantly differs, the curve of cluster 4 is by
about 500 S higher. In Fig. 9 it can be seen that the points of cluster 4 (blue)
form a structural unit (Békés Basin). Its gravity (and magnetic) anomalies
were earlier interpreted on the basis of seismic profiles from lithosphere
investigations [POSGAY et al. 1995], and it was found that they are caused
by the elevated position of the lower crust and the mantle. Our present
studies complete this with the anomalous high value of telluric
conductance here: but this is caused partly by the known anomalously low
resistivity of Pannonian sediments and partly by the appearance of low
resistivity Late Cretaceous formations in the basement.
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3.2. Northern "area

The cluster map ofthe area is Fig. 10; Fig. 14 presents the dependence
ofthe Bouguer anomalies on basement depth, Fig. 15 the dependence ofthe
telluric conductance on basement depth.

Based on Figs. 14-15, clusters 1and 2 fall on roughly similar areas of
shallow, less than 2 km deep basins, cluster 3 corresponds to a medium
(1.5-3.5 km) depth, while cluster 4 to a deeper (2.5-5 km) zone that partly
overlaps the zone of cluster 3. In the case of the two shallow clusters the
Bouguer curves (Fig. 14, 1,2) are very similar to each other; the level of
telluric conductance, however, significantly differs (Fig. 15, 1, 2): in the

Fig. 14. Dependence of Bouguer anomalies  Fig. 15. Dependence of telluric conductance
on depth to the basement surface in clusters on depth to the basement surface in clusters

of the ‘northern’ sub-area of the ‘northern’ sub-area
14. abra A Bouguer-anomalidk fliggése az 15. &bra. A tellurikus vezet6képesség
aljzatfelszin mélységétdl az északi terlilet fliggése az aljzatfelszin mélységétél az
klasztereiben északi terilet klasztereiben

case of cluster 1 this is 150-200 S, while in the case of cluster 2 this is
500-600 S. It should be noted that the telluric curves of these two clusters
do not show the unambiguously increasing tendency previously observed
in the shallow position throughout the country (Transdanubia, and ‘south-
ern’areas ofthe present study). Judging from Fig. 10, the points of the two
shallow clusters appear in many cases intermingled with each other. The
points of cluster 2 (yellow) that can be characterized by anomalously high
telluric conductance form two relatively large connected areas: the western
patch along the country’s border falls on the area of very young, Pleisto-
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cene volcanism, the appearance of good conductors may possibly be
related to this volcanism. The eastern patch is a smaller subbasin, there are
no well data about its real depth, moreover its exact extent is not known.

The Bouguer curve of medium depth cluster 3 (Fig. 14, 3) shows a
characteristic feature of the whole area studied: a decrease down to 2.5 km,
then a small amplitude fluctuation down to 3.5 km, at the anomaly level
corresponding to the ‘northern’ area. The telluric curve (Fig. 15, 3) rises
down to 2.5 km, and then shows a moderate decrease. The Bouguer curve
(Fig. 14, 4) ofthe deep basins (cluster 4) runs close to the curve of cluster 3
in the overlapping interval and the rising tendency continues toward the
larger depths. The telluric curve (Fig. 15, 4) shows a decreasing tendency
in the overlapping interval, but at significantly higher conductance values
than the curve of cluster 3, and at depths larger than 3.5 km it increases.

On the whole the Bouguer curves of the four clusters deviate only
slightly from the corresponding interval of the ‘northern’curve (Fig. 7); a
noteworthy difference exists only in the overlapping interval of clusters 2
and 3 (1-2.5 km), where the curve of cluster 2 is by about 8 mGal above the
curve of cluster 3. In Fig. 10 it can be seen that points of cluster 2 (yellow)
appear mostly at the edge of even shallower (possibly outcrop) areas, thus a
side effect of nearby basement elevations may (also) cause the high
Bouguer values.

From the telluric curves ofthe four clusters, roughly the whole interval
of clusters 1 and 3, and the deeper than 3 km part of cluster 4 show the
peculiarities ofthe ‘northern’ curve (Fig. 8). According to these the whole
bulk of cluster 2 (see above) and shallower points of cluster 4 (Fig. 10, blue
points) are characterized by anomalously high conductance. Basin areas
shallower than 3 km of cluster 4 (see Fig. 10) are typically located near to
points of cluster 2 (yellow points), and presumably they show, together
with these, extension areas of individual good conductors within the base-

ment.

3.3. Nyirség

The cluster map of the area is Fig. 11; Fig. 16 presents the Bouguer
anomalies’ dependence on basement depth, and Fig. 17 the telluric con-
ductance’s dependence on basement depth.

According to Figs. 16-17 clusters 1-3 correspond to a depth of
2-4 km, while basins deeper than 4 km got into cluster 4. The geophysical
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parameters of clusters 1-3 do not show a tendency to change as a function
of basement depth. Relatively high Bouguer values (4-8 mGal) charac-
terize clusters 1 and 2 (Fig. 16, 1, 2) in the Bouguer curves, whereas
negative values characterize cluster 3 (Fig. 16, 3). In the case of telluric
curves the independence of the parameter of basement depth within the
clusters is even more conspicuous: conductance is about 300 S in cluster 1
(Fig. 17, 1), incluster 2 (Fig. 17,2) it is about 600 S, in cluster 3 (Fig. 17, 3)
it is about 400 S. The moderate decrease observable in clusters 2 and 3 lags
far behind the difference between the average level of the clusters. A

S

mGal

Fig. 16. Dependence of Bouguer anomalies Fig. 17. Dependence of telluric conductance
on depth to the basement surface in clusters on depth to the basement surface in clusters
of the Nyirség sub-area of the Nyirség sub-area

16. abra. A Bouguer-anomaélidk fliggése az  17. &bra. Atellurikus vezet6képesség fliggése
aljzatfelszin mélységétdl a nyirségi terlilet az aljzatfelszin mélységétdl a nyirségi terilet
klasztereiben klasztereiben

simple explanation for the observed phenomena could be that areas show-
ing completely different geological-geophysical peculiarities got into the
individual clusters due to the random-like similarity of parameter values,
and the otherwise causal dependence of parameters on basement depth
therefore disappeared in the course of averaging. A contradiction of this
assumption, however, is that the points belonging to the individual clusters
were spatially separate from each other. In Fig. 11 it can be seen that points
ofcluster 1(red) concentrate inthe area’s NW part, the bulk ofthe points of
cluster 2 (yellow) fall on the area’s western part; the points of cluster 3
(green) surround the deep basin that can be found in the middle of the area.
Thus, it is more likely that clustering marked out blocks whose geological
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structure really differs. From the ‘northern’gravity average curve in Fig. 7,
it is evident that it is independent of basement depth just in the depth
interval of the Nyirség clusters 1-3. Although in Fig. 8 the ‘northern’
telluric average curve shows a generally increasing trend to its end, a short
decreasing section breaks it in the 2.5-3 km interval, demonstrating that
within the regional trend there may be significant local differences. Thus,
based on the above observations it is possible in the depth interval of
clusters 1-3 that the investigated parameters are independent of basement
depth, and the different value levels reflect local peculiarities of geological
structure.

Based on the level of Bouguer anomalies clusters 1 and 2 are of
‘southern’type (high values), whereas cluster 3 is o f‘northern’type. Based
on the level of telluric conductance cluster 2 is of ‘southern’ type, while
cluster 1 shows an anomalously poor conductor environment; in this
cluster the conductance is even lower than in the ‘northern’type. In the area
under review (Fig. 11, red points) it is known that there is a large volume of
Miocene volcanites in the level of sediments, these may cause the ano-
malously poor conductance. Magnetic checking ofthese formations cannot
be carried out with certainty; although sources of the magnetic anomalies
in this area are presumably volcanic—subvolcanic formations, such for-
mations are, however, known in anomaly-free areas as well. In addition,
the most significant magnetic anomalies fall just on parts excluded from
the study due to the lack of telluric data, therefore the utilization of
magnetic data in the statistical studies did not provide additional infor-
mation.

The conductance level of cluster 3 is o f‘northern’ type.

In practice, basins deeper than 4 km belong to cluster 4. As indicated in
Fig. 11 three basins probably of different geological environment are
concerned: in the west the ending of the Middle Hungarian Graben, in the
south the northern ending of a graben of smaller extent and of N-S strike
are found, while significant part ofthe points belonging to this cluster con-
centrate in the middle of the area. It would be worthwhile to separately
study the dependence of geophysical parameters on basement depth in the
three basins, but the lack of sufficient data does not render this possible.
Moreover, it is true that the real depth conditions of the middle larger basin
are very poorly known. It is a fact, on the other hand, that it is a really deep
basin in which the thickness of the volcanic sequence may be as much as
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3 km, and the sedimentary cover of the volcanic sequence is thicker than in
the area of cluster 1

If one summarizes the results of cluster analysis one obtains the
following image of the Nyirség area:

— From the crust structural viewpoint the whole area is of ‘southern’ type
(presumably with lower crust and/or mantle in a somewhat elevated
position).

— The volume, position and physical properties ofvolcanites influence the
appearance of characteristics of the ‘southern’ type, thus in some cases
value levels corresponding to the ‘northern’ type may appear as well
(but without the curve lines characterizing the investigated areas).

— The level of Bouguer anomalies is of ‘southern’ type in the area of
clusters 1-2; however, volcanites lying close to the surface influence
the line — especially in the area of cluster 1

—The value of telluric conductance shows ‘southern’ characteristics only
in the area of cluster 2; in the area of cluster 1 the conductance is
anomalously low due to the high resistivity of near-surface volcanites.

—Volcanic activity was the most intensive in the central deep basin. In the
area of clusters 3-4 the effect of volcanites penetrating the basement
whose density is lower than that of the basement formations reduces the
level of Bouguer anomalies. The conductance reducing effect of
volcanites strongly depends on the depth to their surface, thus the
conductance ever increases in the area of clusters 3 and 4 which can be
characterized by the gradual deepening of the surface of volcanites
compared to cluster 1

4. Practical consequences of the results of East Hungarian statistical
studies

—The level of Bouguer anomalies deviates in the investigated regions
both from each other and the relatively uniform image detected in
Transdanubia. Thus in the course of gravity interpretation the effect of
the actual step should be taken into account in the about 50 km wide
zone bordering the individual areas.

—Downward from a 2.5 km basement depth the Bouguer anomalies do
not decrease further, thus a two-layer (basement + sedimentary cover)
interpretation is acceptable only in basins shallower than this.
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—In each basin, excluding the Nyirség, deeper than 4 km it can be
detected that the Bouguer anomalies increase with increasing basement
depth (deep structural effects, i.e. beneath the deep basins, the lower
crust and/or mantle are in elevated position).

— Appearance of volcanites in large volume in the Nyirség leads to a de-
crease in Bouguer anomalies.

—The telluric image is significantly more complex than the
Transdanubian one, at the sediment level anomalously good conductor
formations (Békés Basin), and anomalously high resistivity formations
(certain volcanites) equally appear.

— Intensive volcanism lowers telluric conductance in the Nyirség, its
measure significantly depends on the depth to the surface of the
volcanites.

5. Hungary’s regional gravity anomalies

Our studies on East Hungary showed that the behaviour and the level
of Bouguer anomalies significantly differ from the picture in Transdanubia
that seemed to be relatively uniform there even after division into regions.
Since we have no telluric date for an approximately 50-70 km wide zone
between Transdanubia and the study area the procedure applied in the two
areas cannot be extended to this intrafluvial area. At the same time it is of
interest from the viewpoint of deep structural investigations and of applied
gravity interpretation that it is within this zone that the boundary
effectively separating the area types runs. In order to study this, a country-
wide gravity anomaly map was constructed in which the gravity anomaly
value belonging to the given basement depth in the Transdanubian average
curve (Fig. 7) is subtracted in the grid points from the Bouguer values
deduced from measurements. The reduced map obtained in this way is
Fig. 18. Taking it into consideration that the curve used for reduction is of
statistical character, the ‘O’ level of the reduced map cannot easily be
interpreted from the geological-geophysical viewpoint; it does not support
our further studies. Therefore in the map the areas between -5 and +5 mGal
(i.e. areas showing values close to the Transdanubian average) were left
blank; on the other hand, larger differences either in positive or negative
direction, were emphasized by colouring. The area that can be charac-
terized by basin depths less than 500 m and more than 3 km are marked
either with horizontal or vertical lines [see KILENYI, SEFARA 1991]. In the
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case of basement depths less than 500 m the local density of basement
formations occurring on the surface or near to the surface can more heavily
influence the Bouguer anomalies and, in addition, the effect of differences
between the 2x2 km basin model and reality may be more significant as
well in near-surface situations. Below a 3 km basement depth, the decrease
in Bouguer anomalies with increasing basement depth everywhere ceases
in the studied sub-areas, thus it doubtlessly plays an important role in com-
paring the two parameters.

On the map (Fig. 18) we have also indicated several known mega-
structural lines of Hungary, after VETO-AKOS [1999]. It can be observed
that in many cases these border blocks of regional gravity anomalies show
differing characteristics as well.

The maximum that can be seen on the NW side of Raba line is the
effect of the elevated lower crust and mantle detected beneath the deep
basin of the Little Hungarian Plain [NEMESI et al. 1994, NEMESI et al.
1999].

A large subvolcanic body causes the single, larger (positive) anomaly
(that is, at the same time, the magnetic anomaly) ofthe Transdanubian area
between the Balaton line and the R&ba line characterized by basement
depths deeper than 500 m [POSGAY 1966].

South of the Balaton line runs an array of maxima. Their westernmost
element is presumably connected with the elevation of the lower crust
and/or mantle that can be found beneath the deep basin. In connection with
the area of the two other maxima (and of the minimum lying between them
and the Balaton line) our earlier studies [KOVACSVOLGYI, OCSENAS 2000]
demonstrated that the basement map is wrong here, thus these anomaly
elements are not real ones.

In the course of our earlier study [KOVACSVOLGYI, OCSENAS 2000]
we associated the minimum area that can be found in the southern part of
Transdanubia with the thickening ofthe lower crust (deepening of mantle).

The Middle Hungarian Line separates from each other the ‘northern’
and ‘southern’ areas of our present study. Based on the results in the
Nyirség this line can be continued in the NE direction up to the country’s
border; it runs roughly along the +5 mGal line.

In a large part of the area between the Middle Hungarian Line and the
Darnd line the relative values are around 0, i.e. a Transdanubian-type crust
structure can be assumed. No light was thrown on this peculiarity in the
course of the Middle Hungarian studies because, due to the lack of telluric
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data, a large part of the area dropped out from the scope of studies. The
northern minimum is a consequence of the more than 2000 m thick, low
density pyroclastics that outcrop to the surface in the Tokaj Mountains.

The area between the Darné and Didsjen6 lines shows a variegated
image: one of its characteristics is that in the deeper basins the values are
around 0 while the shallower areas mostly fall into the zone between
5-15 mGal. A possible explanation for this is that a Bouguer anomaly level
by 5-15 mGal higher than the Transdanubian curve characterizes generally
the whole area, but Bouguer anomalies do not set in a level in the deep
basins (nor do they startto rise below a certain depth but moderately further
decrease — i.e. there is no local lower crust and/or mantle elevation
beneath these basins). The western boundary of this unit runs somewhere
near to the Danube. The basement is in a surface-near-surface position
west ofthe river, this makes its more accurate determination more difficult,
and thus the mentioned uncertainties should be taken into account as well.

According to our earlier studies [SCHONVISZKY, KOVACSVOLGYI
1993] the minimum detected in the northernmost part of the area is a
consequence ofthe northward (beyond the country’s border, too) ever more
thickening Earth crust.

North ofthe Didsjend line we are unambiguously in a positive zone. In
this zone crystalline formations build up the basement (Vepor unit) whose
density exceeds the density of the Mesozoic basement formations located
south of the Di6sjené line. Thus, the source of the positive anomaly is not
of deep structure, but of basement origin.

The area south of the Middle Hungarian Line is our present studies’
‘southern’and Nyirség areas. In Fig. 18 it can be seen that the area between
the Danube and Tisza rivers is here unambiguously in the positive zone. It
seems that the zone’s western boundary is a line of NNE-SSW strike that
runs in the main in Transdanubia. Recent geological maps do not indicate
such a tectonic line, thus it is possible that this structural line is not of
tectonic nature: elevation of the lower crust and/or mantle gradually takes
place, and we see it as a ‘line” when the phenomenon’s gravity effect
reaches a certain (subjective) limit.

The area’s gravity anomaly image is not uniform (Fig. 18). A line can
be marked out that is nearly parallel with the assumed boundary termi-
nating the unit from the west, and runs about 50 km SE of the boundary;
typical values of the western side are 5-10 mGal whereas its eastern side
values typically exceed 15 mGal. In the eastern block the highest values are



Statistical study ofground geophysical potentialfield data ... 61

connected with the deep basins, in these places the effect of local lower
crust and/or mantle elevation beneath the basins is superimposed on the
effect ofthe regional gravity step. This phenomenon is missing here only in
some parts of Nyirség, the reason for which was analysed above. At the
same time relative values higher than 15 mGal uniformly characterize the
southern part ofthe eastern block, also where the depth to the basement de-
creases down to about 500 m. It is remarkable that a semicircular zone
surrounds this area in question where the relative values mostly decrease
below 5 mGal. This may suggest that this southern part forms a separate
unit from the crust structural viewpoint. Because this southern unit’s
boundaries are uncertain using this particular method, they are not indi-
cated in Fig. 18.

A noteworthy element of the western block (the area between the two
lines of NNE-SSW strike and marked as assumed structural lines in
Fig. 18) is the deep basin located close to the Middle Hungarian Line,
where the relative gravity anomaly values show a decrease, similarly to the
deep basins between the Middle Hungarian Line and the Didsjend Line. It
can be assumed that the reason for this phenomenon is similar too: there is
no lower crust and/or mantle elevation beneath the deep basin and the
decrease in Bouguer anomaly values does not stop at the usual 2.5-3.5 km
depth.

In short thefollowing can be stated:

—From the viewpoint of the connection between the Bouguer anomalies
and the depth to the basement of the pre-Tertiary basin the
‘Transdanubian’ type can be considered ‘normal’ in the country’s
territory. Its area of extension is the area between the Middle Hungarian
Line and the Damd Line, and almost the whole area of Transdanubia.
Within these areas thickening of crust generates the high negative
relative anomalies while the positive anomalies are connected with the
local deep structural elevations below the deep basins. Only the large
subvolcanic body detected north of the Balaton line and characterized
by magnetic anomaly as well shows a deviation from this scheme as a
local feature (positive relative anomaly).

— The whole other area of the country shows anomalous behaviour, the
value of Bouguer anomalies is typically by at least 5-15 mGal higher
than that which would be justified by the basin structure and the
Transdanubian type crust structure. This phenomenon is brought into
connection with the regionally elevated position of the lower crust
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and/or mantle. According to our calculations the measure of this
elevation does not necessarily exceed 0.5-1.5 km.

—Out of the anomalous areas the parts south of the Middle Hungarian
Line and east ofthe eastern structural line in Fig. 18 represent separate
units. Here the gravity effect of the local lower crust and/or mantle
elevations beneath the deep basins is superimposed on the regional
effect, thus the value of relative anomalies is typically over 15 mGal in
these areas, and may reach 30 mGal. The deep basins of Nyirség
represent the exception within this unit due to the thick volcanic
sequence’s density that is lower than in its surroundings. It is possible
that the area’s southern part also separates due to the crust being
regionally even thinner independently of the deep basins; its
demonstration is, however, beyond the possibilities of the applied
method.

—The higher than average density of crystalline basement formations
causes the relative anomaly in the area north of the Didsjen6é line, it has
presumably no crust structural relationship.

The 5-15 mGal relative anomaly is the common feature of the anom-
alous areas not detailed up to now, and the deep basins cause local minima
here. Thus, beneath these basins there is no lower crust and/or mantle
elevation, and the Bouguer anomaly values decrease down to a larger
basement depth than in the case of other deep basins.
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Kelet-magyarorszagi teruletek felszini erétér-geofizikai adatainak
statisztikai vizsgélata

KOVACSVOLGYI Sandor

Kelet-Magyarorszag tellurikus adatbazisanak és a teriilet tellurikus vezetéképesség-térké-
pének (1. sz. melléklet) elkésziilte lehetdvé tette a mérések altal lefedett részek er6térgeofizikai
eredményeinek komplex statisztikai vizsaglatat. A munka a Dunantul teriiletére elvégzett elemzés
[Kovacsvolgyi, OCSENAS 2000] folytatasa, ahhoz hasonlé médszertant kévet. A vizsgalatok az
OTKA T 026515 téma keretében késziiltek, e publikacié megjelentetését szintén az OTKA

tamogatta.
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Telluric Map of East Hungary

Andrds MADARAS!*, Laszl6 NEMESI*, Géza VARGA*

The telluric map (see Enclosure 1), an absolute conductance map, came into being based on
the results ofthree Hungarian institutions— the Geophysics Department of Miskolc University, the
Geophysical Exploration Company of the Hungarian oil industry (OKGT), and the E6tvos Lorand
Geophysical Institute of Hungary (ELGI). These results — quasi-grid measurements — were
obtained from observations using oscillations of 25 s period time. The relative telluric measurement
results were transformed into absolute values by means of magnetotelluric soundings.

Interpretation of the now presented map was carried out after geoelectric checking — deep
direct current soundings and magnetotelluric measurements — primarily by comparing it with
gravity Bouguer anomaly and magnetic AZ anomaly maps and a pre-Tertiary basement map. It is
stated that

— The telluric map shows a very good image about the 5-8 km deep sedimentary basins, their
depth and structural elements as opposed to the gravity or magnetic maps; their anomalies in eastern
Hungary can be explained first of all by mantle plumes. This fact clearly justifies the importance of
the method’s application in hydrocarbon exploration, after the gravity and magnetic measurements,
in the exploration stage prior to the seismic measurements.

— Ifasignificant amount of (Miocene) volcanic material is also present in the Neogene basin,
then in these areas the telluric image is not proportional to the depth to the pre-Tertiary basement
because the volcanites’resistivity is commeasurable with that ofthe basement formation. In such an
area in northeast Hungary (region of Nyirség) the telluric anomaly image is more or less similar to
the magnetic anomaly image.

— Since the 1980s, the development of measuring and computer processing techniques allows
anisotropy ellipses to be plotted as well. This, in addition to the conductance anomalies, also
enhances the detection of remarkable structural lines, e.g. between the Tisza unit and the Pelso unit,
and the Pelso unit and the Western Carpathian unit.

— In the northern intra-mountain basins low resistivity formations, e.g. graphitic shales,
frequently occur in the pre-Tertiary basement. This phenomenon is often the source of significant
anomalies in addition to the changes in conductance due to the changes in thickness of Tertiary
sediments.

The main benefit of the telluric map and other such maps (gravity and magnetic) is that they
give different images of certain areas, the factual geological reasons behind this are frequently not
known. These differences call one's attention to geological curiosities, perhaps to the existence of
up-to-now undiscovered raw material

Keywords: tellurics, geophysical maps, Hungary, conductance

Eo6tvds Lordnd Geophysical Institute ofHungary, H-1145 Budapest, Kolumbusz u. 17-23.
Manuscript received: 24 July, 2005



66 Madarasi—Nemesi— Varga

1. Introduction

Telluric surveys in Hungary started with the construction of measuring
instruments and field measurement experiments more than a half century
ago. Later, from 1960 to 1994 (with some interruptions) systematic and
routine investigations were carried out in a quasi-grid. As a result of these
investigations map parts, frequently not fitted to each other, came into
being covering 80-85% of the basin areas. Because we see no chance of
providing the missing parts under the changed circumstances, we decided
to publish the West part of Hungary’s telluric map, published in 2000
[NEMESI et al. 2000]. Both parts made use of the same calculation and
construction method and used the same colour code.

Support obtained from the Hungarian Scientific Research Fund
(OTKA, project Ne T 026515) made possible the practical realization. This
enabled us to publish the Telluric conductance map of East Hungary on a
scale of 1:50 000. In addition, the gravity and magnetic maps can also be
seen, for comparison purposes (see Enclosure 1).

It is pointed out that when a geophysical map covering almost the
whole country has come into being it is worth recollecting briefly the
reasoning and the basic objectives associated with the method’s intro-
duction and application, and the likely results:

— In utilizing telluric currents for geological investigations Hun-
garian-born Géza Kunetz, who lived in France and worked for the Schlum-
berger company, played a decisive role. With Kunetz’s experience as well
as his direct assistance Karoly Kantés, geophysics professor at the Uni-
versity of Sopron, could launch the development, then inaugurate routine
prospecting in Hungary. The professor’s colleagues, Erné Takacs and Pal
Egerszegi, carried out the first successful field measurement in 1952
[EGERSZEGI 1954].

— Karoly Kantads formulated the basic objective of telluric
measurements in his inauguration address at the Hungarian Academy of
Sciences in 1954. He pointed out that first of all the depth to the basement
of sedimentary basins and lateral changes in the sediment’s average resist-
ivity can be investigated with tellurics, and this is of primary interest from
the viewpoint of hydrocarbon exploration. He stated: compared with the
classical exploration methods the place of telluric prospecting can be
placed between gravimetry and seismic exploration *[KANTAS 1954].
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Both the Hungarian oil industry (National Oil and Gas Trust, OKGT)
and the Central Geological Office (KFH) that managed the national gov-
ernment-financed explorations accepted (although sometimes queried) the
above statement. These two organizations have financed telluric measure-
ments in Hungary for about 40 years.

Four Hungarian institutions carried out the exploration work: the
Geodetic and Geophysical Research Institute of the Hungarian Academy
of Sciences (MTA GGKI), the Geophysics Department of Miskolc Univer-
sity, the oil industry’s Geophysical Exploration Company (OKGT GKYV)
and the EOtvos Lorand Geophysical Institute of Hungary (ELGI). The last
three institutions performed the measurements in the above mentioned
eastern Hungarian region. As a final result measurements were carried out
at 16 509 stations throughout the country, in a quasi-grid of 1.5-2 km2, and
from among the basin areas only the region of about 10 000 km2 between
the Danube and Tisza rivers remained uncovered (Fig. 1).

Reports were generally compiled only for clients on areas of
500-1500 km2 that were covered annually with measurements, although
the results obtained by ELGI between 1965 and 1990 can be found in
ELGI’s annual reports [see References], as partial maps related to the

Fig. 1. Map of telluric coverage
1 abra. Tellurikus megkutatottsagi térkép
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relevant telluric base station. The first map uniting a larger area, of about
30 000 km2, was published in 1981 : “The telluric isoarea map of the Tisza
region and the area east of Tisza, scale 1:500 00’ [NEMESI et al. 1981]. In
addition to the telluric map the relative isoohm map of the sedimentary
sequence and the map of depth to the high resistivity formations can be
seen as well on the same scale.

The Telluric map of Transdanubia (West Hungary) was published in
2000 [NEMES!I et al. 2000].

In the present study our aim is to present and to offer an interpretation
ofthe results that can be seen in the East Hungary map (Enclosure 1), and to
indicate that if one juxtaposes the classical (field) maps it more than
adequately demonstrates the correctness of Kantas’s exploration principle:
It is of paramount importance to select the appropriate order of methods for
integrated prospecting. Despite the fact that telluric surveys added up to
hardly 1-2% of seismic exploration costs, in significant parts of East
Hungary these provided a completely different image from those of gravity
and magnetics. Tellurics provided the correct image of the sediment thick-
ness and basement structure in the deep basins promising from the view-
point of hydrocarbon extraction.

2. Brief history of the explorations in East Hungary

ELGI’s staff commenced measuring the first experimental profiles in
East Hungary in 1956 under the direction of Andras ERKEL [1965]. Based
on the results along the lines connecting known wells that reached the
basement, in 1960 OKGT commissioned ELGI and the Geophysics Depart-
ment of the University (that had moved from Sopron to Miskolc) to carry
out quasi-grid measurements. The Geophysics Department performed its
measurements for a four-year-period in the northern part of the Great Hun-
garian Plain, in the zone of the Tisza river, in the region of Eger-Mez6-
keresztes-Mez@ csat-Polgér-Tiszavasvari-N agyhalédsz-Kisvarda
[CSOKAS 1964], but later the university’s directorate did not allow the
already routine investigations to continue.

Influenced by the favourable results OKGT established its own geo-
electric department under the guidance of Zoltan Nagy in 1963. Routine
telluric measurements started between 1965 and 1967 in the northern part
ofthe Great Hungarian Plain, on the right bank ofthe Tisza, in the region of
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the Zagyva river (in the area of Jaszberény-Heves-Tiszabura), essentially
joining to the areas of Miskolc University’s Geophysics Department and
ELGI. Later, in 1967-68, OKGT’s geoelectric department carried out
telluric measurements in the southern Plain as well, in the area of
Szeged-HAdmez6vasarhely-Mako [LANTOS et al. 1966, NAGY 2002].

ELGI’s measurements, in several stages, covered the largest area.

The quasi-grid survey started with measurements commissioned by
OKGT in Hortobagy in 1960. In 1964 the Central Office of Geology (KFH)
launched our country’s uniform reconnaissance exploration programme in
the middle ofthe Great Plain, financed by the state budget. At that time all
geophysical methods began their measurement on the 1:100 000 scale
Szolnok map sheet. In addition to gravity and magnetic measurements,
seismic and geoelectric surveys started as well. Moreover telluric mea-
surements and the routine application of deep direct current dipole equa-
torial array (DE) soundings also started then. The main objective was to
determine the resistivity and thickness of the sedimentary sequence. In
other words, with this kind of measurement performed in a grid one order
of magnitude less than that of telluric measurements it was possible to
determine that the source of the telluric anomaly is a change in basement
structure — significant from the viewpoint of hydrocarbon exploration
(e.g. an anticline) — or a lateral change in the conductance of the sedi-
mentary sequence; otherwise the anomaly’s source should perhaps be
looked for in basement formations [SZABADVARY 1965].

Later, magnetotelluric measurements took over the role of direct cur-
rent soundings [CSOKAS, Takacs 1965], and the use of this principle (i.e.
checking the telluric anomaly with direct current or magnetotelluric sound-
ing) allowed interpretation oftelluric results from the very beginning to the
last measurements.

In the integrated geological-geophysical exploration programme
launched in 1964 (that had been planned for several decades) bore results
in 1966 when the oil field in the southern Plain near Szeged (Algyd) was
discovered; in view of this the oil industry itself wanted to explore the
southern Plain, though ELGI was commissioned to carry out a significant
part of the geoelectric measurements.

After 1967 the Plain’s northeastern part became the integrated (includ-
ing all geophysical methods) survey area for ELGI, where again the
exploration methods were not applied in a logical order. Here also, all
methods appeared. On the other hand, from the viewpoint of telluric
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explorations this survey programme spatially jumping to and fro resulted
in relative conductance maps covering areas of 1000-1500 kmz2. In the
second half of the 1970s even telluric measurements were interrupted, but
by that time a connected area of 30 000 km2 in East Hungary had been
covered with measurements. Then ELGI carried out large scale base-
station-connecting measurements as a consequence of which the mono-
graph entitled ‘Geoelectric investigation ofthe deep structure in the Tisza
region and east of Tisza' could be published [NEMESI, HOBOT 1981], in
which the relative conductance map (‘isoarea map’) referred to the Plain’s
principal base station can be found as well.

In the 1980’s subsequent investigations in several regions were linked
with the area presented here [NEMESI et al. 1984].

Similarly, in the above mentioned period surveying also took place in
the majority of northern Hungarian basins, but in these cases map portions
mostly referred to the local bases came into being [GYORGY et al. 1986,
Nemesi et al. 1990].

ELGI carried out the last telluric measurement in East Hungary in the
Ozd basin in 1989 [MADARASI 1990].

Researchers who took part in the survey work of the East Hungary
area, in the processing and interpretation of measurements, and in the
development and construction of instruments included: Erné Takécs, Fe-
renc Béldi, Janos Csdkas, Pal Egerszegi, Mihaly Hartner, Béla Ruzsa,
Ferenc Steiner. (In field observations and in geodetic work other staff of
Miskolc University’s Mining Engineering Faculty and of the Physics
Department of Sopron University gave a hand as well.)

Included in the oil industry’s Geophysical Exploration Company were
Zoltan Nagy, Adorjan Divéki, Miklos Lantos, Gyula Lux, Istvan Nemes,
Béla Péterfai, Pal Simon, Istvan Zimanyi. In addition to the geophysicists
the work relied on the valuable input of many other technical and non-
technical staff. Among ELGI’s staff one might mention:

Andras Erkel, Kéroly Sebestyén, Sandor Lakatos, J6zsef Hobot, Judit
Varga, Gyula Féabidn, L&szI6 Nemesi, Andras Simon, Géza Rezessy, Imre
Fejes, Géza Varga, Pal Draskovits, Jozsef Csorgei, Gabor Széles, Andras
Borséanyi, Sandor Galambos, Zoltan Sislecz, Andras Miladnkovich, Andras
Madarasi. These experts were similarly to the oil industry, supported by the
highly constructive work of technical and non-technical personnel.
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3. Most significant geological aspects from the viewpoint of planning
and interpreting telluric surveys, and regarding the physical
parameters of formations

During the half century of telluric surveys geological knowledge on
the Carpathian Basin has continuously widened. Several thousand wells
reached the basement, and in a significant part of our plains the separation
between the lines of seismic exploration — that was repeated several times
with ever more up-to-date devices and processing methods — is as little as
only a few hundred meters. Ifwe want to evaluate the telluric results in the
mirror of present knowledge, these facts should be taken into account as
well.

A summary is given of the development of those geological aspects of
the Carpathian Basin revealed during the half century of telluric explo-
ration [NEMESI et al. 2000]. From these the most important ones from the
viewpoint of planning and interpretation of telluric measurements are the
following:

A. ) Hungarys geological set-up reflects events of three main geological
eras

— the development stage before the Alpian: this is connected to the
Precambrian-Palaeozoic history of Central-Europe, but it is difficult to
reconstruct it.

— the Alpian stage, including Late Palaeozoic. Mesozoic and Palaeogene
evolution of Thetys, with orogenic events, that showed itself in
nappe-like, folded tectonics, and large-scale side-slips.

— the Pannonian (Neo-Alpian) evolution stage: viz. from Early Miocene
to the present and onwards. Evolution of small pull-apart basins, then
development of the Pannonian basin characterizes this stage, with large
amplitude depression. These young basins — that fundamentally deter-
mine the present geological set-up and the recent geographical image —
are dominantly filled with fine-grain terrestrial sediments, but these
were deposited in the brine of an inland sea, and in some places with
thick magmatic rocks.

B. ) Formations older than Tertiary are rocks ofgenerally high resistivity,
high density and high seismic velocity.

In our survey area the resistivity of Palaeozoic granites and crystalline
shales is generally 80-100 Dm, that of Mesozoic carbonate rocks is
200-500 fim. Properties deviating from these in some subareas — and
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experienced later — represent nowadays an essential physical basis for
interpretation. Sediments — frequently flysch-type — older than
Tertiary-Late Cretaceous, mean such an overall known deviation, these are
less metamorphosed and besides their relatively high seismic velocity and
high density their resistivity is low (about 10 f2m), which is similar to that
of sedimentary sequences. In these subareas the geoelectric basement can
be placed to the boundary between the Lower and Upper Cretaceous.
Because the Austrian orogenic movements took place at that time, Gydrgy
Szénés, the late chiefgeologist of ELGI — and an outstanding authority on
geological-geophysical interpretation — called the geoelectric basement
‘Pre-Austrian’.

On the basis of the development mode of basement formations older
than Tertiary, Hungary’s territory can be divided into three primal mega
structural units: the Tisza unit, the Pelso unit and the Western Car-
pathian unit (Fig. 2). Tectonic lines of great importance separate these
mega-structural units from each other and, for example, significant vol-
canism was associated with them as well. There are also essential dif-

Fig. 2. Schematic geological map of the Carpathian region [after HAAS]
2. dbra. A Karpatok vidékének attekinté geoldgiai térképe HAAS nyoman
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ferences between the depression evolution histories of individual units; for
example, in the area of the eastern Hungarian Pelso unit Palaeogene —
mainly Oligocéne — sediment of significant thickness (1-2 km) has accu-
mulated whereas such sediment is unknown in the area of the Tisza unit.
Here relatively little Miocene and even 3-5 km thick Pliocene sediment
settled. The sediment’s resistivity, however, is significantly lower between
5and 10 fim in both areas. At the beginning of telluric surveys practically
no counter-example was known.
C.) Depth to the basement ofthe Tertiary basin according to our present
knowledge

A pre-Tertiary basement contour map of the Carpathian basin was
constructed primarily using drilling and seismic survey results [KILENY] et
al. 1991] for details, see Fig. 3. With regard to this map there are two
aspects of major interest.
— The first is whether the first researchers correctly gave the frequency
range oftelluric measuring serving the purpose of basement investigation.

Fig. 3. Contour map of the pre-Tertiary basement
3. abra. A pre-tercier aljzat mélységtérképe
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In Fig. 3, according to the basement depth map of Tertiary formations,
maximum values of 6.5-7.5 km can be found. This is roughly twice as
much as expected at the beginning of exploration. Had the original assump-
tion (the maximum basin depth of 3-3.5 km) proved true, the electro-
magnetic waves 0f20-30 s period time most frequently occurring in nature
— in the case of 5-10 Qm average sedimentary sequence resistivity that
proved true later as well — would have penetrated everywhere down to the
basement according to the rules of skin effect. This, however, was not the
case in the deepest parts of the basin.

— The other aspect is the question of interpretation. Comparison of the
results of the individual methods — gravity, magnetics, tellurics, seismics,
and well data — gives an answer to the basic questions. Such could be, for
example,

- Do the gravity, magnetic, telluric maps reflect the depth and
structural element of basins?

- If the above is not the case, did we comply with the logical, eco-
nomically also reasonable order in exploration?

- On considering Enclosure 1 it can be realized that the gravity,
magnetic and telluric maps show fairly different images. With our
present knowledge, the most interesting areas are those where the
maps bear absolutely no resemblance to each other, because clarifi-
cation of the reasons for deviations leads to new geological infor-
mation.

4. Measurement and processing

In the telluric paper published in 2000 details were given of the
instruments used in the measurements and the processing methods
[NEMESI et al. 2000]. Concerning these instruments all three institutions
worked in East Hungary occasionally with their own home-made instru-
ments from the beginning up to 1980, but they tended rather to work with
the well known analogue photorecorders of types T-9 and T-14 manu-
factured by the Factory of Geophysical Measuring Instruments and ex-
ported into many countries all over the world. The Piccard type galvano-
meters of KIT'9A/mm/m sensitivity represented their most important com-
ponent part.

Initially all three institutions processed the measurements with the
relative ellipse method, but later they applied other methods as well,
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among them primarily Kunetz’s total ellipse method. In fact from the
middle of the 1960s up to the 1980s ELGI exclusively used the total
method, taking advantage of Takacs’s total mechanical integrator and
nomograms [TAKACS 1960]. GKV preferred Nemesi’s straight line method
[NEMESI 1963]. It should emphasized, however, that independently of the
processing methods the results are equivalent from the viewpoint of reli-
ablllty [Nemesi 1963]

Since the beginning of the 1980s only ELGI has carried out telluric
measurements, but already with the TEM-80 digital equipment
[BORSANY!I et al. 1980] that was able to perform quasi-real-time pro-
cessing as well. This equipment also solved calculation of total values,
digitally, and then using the values recorded in the data tape processing was
completed with desktop computers. Since then the intermittent absolute
ellipses were also plotted at the measuring stations in the isoarea maps. Our
aim was to prove that these latter — by virtue of the applied procedure —
can practically be considered anisotropy ellipses that can be interpreted as
dip-strike directions, based on the E and H polarizations [NEMESI et al.
2000].

5. Telluric map of East Hungary

5.1. Conversion ofrelative conductance maps referred to different base
stations to a common level and to absolute conductance

By virtue of our West Hungary map winning OTKA tenders, funding
was ensured for performing magnetotelluric soundings at each one-time
telluric base. We determined the summarized conductance — from oscil-
lations of 25 s. This is the centre of the period range most frequently — in
about 90% of cases — used in telluric measurements. Starting from these,
we converted the relative conductance of all telluric stations to absolute
values.

Because in constructing our present map we had no possibility to carry
out new measurements, we had to content ourselves with the results of
relative base network measurements performed in earlier decades, and with
a lower number of magnetotelluric soundings than in the western part ofthe
country. These soundings were carried out earlier partly at telluric base
stations, partly on some anomalies, thereby enabling us to convert the
relative values to absolute values.
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The base network in the Plain means about 30 telluric bases. The
network took shape gradually by enlarging the covered area (Fig. 4).

The principal base is the station marked GEAB-I, located near to the
well Turkeve-7. The relative conductances at the other stations have been
converted to this station. The base connecting measurements for the con-

Fig. 4. The telluric base network in the Plain, with the relative conductance values referred
to the GEAB-I principal base station
4. dbra. Az alfoldi tellurikus bazishalé, a GEAB-I f6bazisra vonatkoztatott relativ
vezet6képesség értékekkel
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version were always carried out in a triangular network. The instruments
were set up at the nearest stations and simultaneous recording was main-
tained for days, during the maxima of pulsation activity forecast by the
observatories [VERO 1968]. The processed amount of pulsations was as
much as 20-30 times more than in normal telluric processing; as a con-
sequence of this the measurement and processing error became less than
2%. This turned out from the closing error of the measurements in a
triangular network because, for example in the case of base stations
A-B-C forming atriangle from the relative values determined between the
stations A and B, and A and C, respectively, follow the relative values
between B and C as well. Because the conversion value between B and C
was measured as well, this rates as excess measurement and it was suitable
for error calculation.

Even after the first successful base connecting measurements in a
triangular network we just the same planned to adjust the base network.
Later, however, we experienced that in some areas, in connecting measure-
ments from measurements of pulsations with different dominant period
time and in spite of the good closing error we obtained results with
deviations of 5-10% between certain base stations. It turned out that the
reason for this is that the conductance is frequency-dependent even in the
range of 20-30 s at some stations. Under such circumstances there was no
sense in making rigorous adjustments. We thus tried to determine the
relative values referred to the GEAB-I for telluric bases further from
GEAB-I by averaging conversions obtained along different paths and
omitting the outlying values.

We have changed to the absolute conductance values by means of the
conductance value 520 S determined from waves of 25 s period time that
falls into the ‘S’ interval of the reliable, up-to-date magnetotelluric sound-
ing measured at GEAB-I (Fig. 5).

The bases in Northern Hungary have never been connected with the
network in the Plain. Here the conversion to absolute values took place
using magnetotelluric soundings measured partly at the bases, partly on
certain anomalies of the telluric map.

5.2. Global evaluation ofthe telluric map (Enclosure 1)

The map’s colour code is the same as that of the West Hungary one.
Blue-green colours mark the high conductances, yellowish and brownish



78 Madarasi—Nemesi— Varga

sm»3i oo Sounding GEA8-1

Fig. 5. Magnetotelluric sounding curves
T - — el of the principal telluric base marked
GEAB-I

5. dbra. A GEAB-I jel( tellurikus
fébazis magnetotellurikus szondazasi
gorbéi

colours the low ones. In doing this, our intention was to mark basement
elevations and depressions with colours usual in surface topographic maps.
The buried mountains are brown; the basins are blue-green. (Colouration
ofthe gravity Bouguer anomaly map and the contour map of the basement
is based on similar principles as well.) Therefore when we speak about a
telluric maximum it means low conductance, while high conductance
values characterize the telluric minima and as a first approximation they
are interpreted as depressions, or basins.

The first striking thing in comparison with the West Hungary telluric
map is that the average electric conductance in the basin’s eastern Hun-
garian part is significantly higher than in the western parts. We can imme-
diately state that the significant difference is not in the basin depth, but the
resistivity of the sedimentary sequence is lower in the eastern part, in the
Plain. From this viewpoint the Békés basin at the southeastern edge of the
map is especially striking.

If we compare our map with the Bouguer anomaly map the most
striking thing is that while in the country’s western part the two maps
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seemed to be visually basically similar [NEMESI et al. 2000], this cannot be
said about the maps that can be seen here (see Enclosure 1). At first glance
it might seem that one of the maps had been wrongly coloured. It is
characteristic in a notable part of the investigated area that, for example, a
maximum in the telluric map that suggests a basement elevation (yellowish
and brownish) is a minimum indicating a basement depression in the
Bouguer anomaly map (green and bluish).

When the telluric map is compared with the magnetic map that also can
be seen in Enclosure 1little similarity can be observed at first glance. The
northeastern subbasin represents an exception, where correlation seems to
exist between the magnetic anomalies and the telluric highs.

When the gravity and magnetic maps shown in Enclosure 1 are com-
pared over the basin areas covered by tellurics as well, it might be appro-
priate to emphasize three items:

a) Northeast-southwest directionality can be observed in both maps.

b) Gravity and magnetic highs in the southern areas markedly coincide.

c) In the northeastern parts where the telluric and magnetic highs can

be found, there are definite gravity lows.

If the three maps in Enclosure 1and the depth map ofthe pre-Tertiary
basement (Fig. 3) are compared, it is obvious that the latter principally
resembles the telluric map.

If we compare our maps with the structural geological map of the
pre-Tertiary basement (or with its simplified version given in Fig. 2) it can
be seen that there is an obvious link between the directions of the mega-
structural lines and the directions of the three magnetic anomaly zones in
the magnetic map. The gravity map favours with its sharp gravity minimum
zone the Middle Hungarian line that separates the Pelso unit and the Tisza
unit from each other. In the telluric map these zones are not really per-
ceptible, although later we will show details that in some subareas this
statement is not true.

However, it should be mentioned that similarly to the southern part of
the West Hungary telluric map, northwest-southeast directions perpen-
dicular to the previous ones (Balkan) should be seen in this telluric map as
well, also in the southern part, for instance at the edges of Makd graben,
Békés basin and Oroshédza-Battonya basement elevation separating them.
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5.3. More detailed interpretation of certain aspects ofthe telluric map

The telluric map of East Hungary can be divided into several larger
units based on the results of recently available geological and geophysical
investigations (Fig. 6), within which certain findings can mostly be gener-
alized. We consider that one of these larger units is the southeastern Plain,
mainly its region east ofthe Tisza river. Another one might be north of this,
the area extending till the Middle Hungarian Line, within this, however,
several sub-units can be distinguished (e.g. the flysch zone and the
Miocene volcanic zone of Nyirség). Finally, from many viewpoints the so
called Palaeogene basin lying north of the Middle Hungarian Line is

Fig. 6. Area units for interpretation of the individual parts of telluric map
Legend: A—SE Plain; B—Flysh zone, Miocene volcanic zone; C—Northern Plain;
D—Cserehat; E—Ozd basin; F—Zagyva graben
6. dbra. Teriletegységek, a tellurikus térkép egyes részleteinek értelmezéséhez.
Jelmagyaréazat: A— DK-AIf6ld; B— Flis-6v, miocén vulkani év; C—E-Alfdld;
D—Cserehat; E—Ozdi-medence; F—Zagyva-arok
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different as are the basins in the Northern Middle Ranges. Parts ofthe latter
one are the Cserehat, the Ozd basin and the Zagyva graben.

5.3.1. Southeastern Plain

This area was described in [NEMESI et al. 1981]. It was suggested that
very likely the conductance of the sedimentary sequence is the highest in
the whole Carpathian Basin; this arises not only from the locally 6-7 km
depth of the Neogene, dominantly Pliocene basin, but it can also be
ascribed to the extremely thick, low resistivity — reaching even a lower
limit of 2-5 12m — Early Pannonian (Pliocene) clayey sequence. At the
same time we also indicated that according to the evidence of deep direct
current and magnetotelluric soundings there are very significant differ-
ences in the average resistivity of the individual sub-basins. Resistivity of
the sedimentary sequence in the maximum about 7 km deep Maké graben
that lies in the eastern side of the Tisza river, close to the southern country
border is roughly one and a half to two times higher than that of the Békeés
basin ofthe same depth (close to the southeastern border. Or in the southern
part of region in the western (right) bank of the Tisza river, in the area of
Kiskunfélegyhaza-Géatér-Csongréd, the average resistivity of sediments is
the highest here in the whole Plain, about three times higher than the
average resistivity determined at the GEAB-I principal base due to the
relatively thick Late Cretaceous, Miocene and, of course, Pliocene se-
qguences overlying the high resistivity basement formations at a depth of
3-4 km. Therefore this basin does not appear as a minimum on the telluric
map.

It is also a point of interest that in the middle of the Békés basin, in a
zone of northeast-southwest direction and with the town of Békés roughly
at its centre, where in the basement’s geological map the basement of
Cretaceous age can be seen, the high resistivity basement lies even several
km deeper than the high velocity one.

In point of fact — as early as at the end of 1960s and the beginning of
1970s — we laid down as well, that after all in geoelectric investigation of
southern Plain the most important result is that telluric measurements
mapped for the very first time the two most remarkable basins, and the
basin depth data relevant even today were obtained by means of sediment
resistivity correction determined from direct current (dipole equatorial)
soundings and these data were published as well [NEMES!I et al. 1981].
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Prior to the telluric measurements the only known thing was that the basins
might be deeper than 3500 m. We were also able to find that the telluric
method detected all those anticline structures which were detectable at all
with the given measurement station density. These structures are important
from the viewpoint of hydrocarbon exploration.

Twenty years ago, however, we could not find any factual explanation
for the fact that gravity measurements did not image these basins, nor the
reason for the approximate coincidence of gravity and magnetic anomalies,
etc. The only unambiguous reality was that the source of gravity and
magnetic anomalies should be sought for in intervals below the basement
horizon.

Later we carried out model calculations with the assumption that the
tapered Earth crust causes the gravity and magnetic anomalies [NEMESI,
StOMFAI 1992]. In other words, the primary source of anomalies is an
elevation of the mantle whose susceptibility and density is higher than the
crust’s 2.7 t/m3. The tapered crust (mantle plume) isjust below the deepest
basins. Nowadays deep seismic and deep magnetotelluric sections also
justify these hypothetical models [POSGAY et al. 1996, ADAMet al. 1996].

5.3.2. Central northeastern-southwestern region of the Plain (flysch zone
and the belt of Miocene volcanism)

As can be seen from the title of this section the flysch of Cretaceous
age represents the pre-Tertiary basement and this distinguishes this area
from the southern Plain’s areas in the zone’s western half, and in addition to
this the Miocene volcanites cause a variation in the geoelectric properties
in the zone’s eastern part.

The flysch-type formations are of Late Cretaceous age in the zone’s
western part and their resistivity is roughly similarly low as that of the
Miocene sediments (generally 10 fim, Zagyvarékas, Nagykor(). In this
region the geoelectric basement lies deeper than the high velocity base-
ment. Moving eastward, in the vicinity of the Hortobagy (N&dudvar),
however, the basement is of Early Cretaceous age, it consists of strongly
metamorphosed, high resistivity rocks that are also the basement for geo-
electric measurements. It is interesting that Miocene rocks of volcanic
origin are known in this region, but from among them the resistivity oftuffs
detected by seismics, borehole and well-logging prospecting does not
differ from that of the Early Pannonian (Pliocene) clays (Gorbehaza).
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In the eastern third of the zone the Miocene volcanites are the geo-
logical formations determining the results of the geophysical surveys, the
interpretation, their total thickness, certified by drilling, reaches even
3000 m (Nagyecsed). Geoelectric methods have provided eminent results
in their investigation. With their help this area could be classified into four
types. Details about this were published in 1981 [NEMESI et al. 1981]; the
investigation results of the team dealing with the Neogene volcanism on
Hungarian territory summarized in 2004 lean strongly, too ‘on the geo-
electric investigation results’[ZzELENKA et al. 2004], to which here we refer
only briefly:

As a result of telluric measurements, direct current soundings, mag-
netotelluric measurements and deep (long offset) transient soundings four
basic geological buildup types can be distinguished in the area:

— Type lis the sector of eruptions marked with magnetic and telluric
highs, but gravity lows. Here, in the deep Tertiary basin very thick vol-
canites overlie the Tertiary basement, and the resistivity of these latter two
is commensurable. The 4000 m deep Nagyecsed well that was drilled after
the publication of the report on this area can be found in this sector. It did
not reach the Tertiary basement, but below young sediments of 1000 m
thickness it was then drilled through 3000 m thick Miocene volcanic
formations.

— Type 2 can be found moving further from the eruption zones where
the volcanic material (frequently ignimbrites) overlies older sediments; its
thickness is commensurable with its depth from the surface. This type can
be characterized by a four-layer geoelectric model, the uppermost one is
the Quaternary and Pliocene sediment of low resistivity, below this is the
thick volcanic sequence of high resistivity (at least 500-1000 m thick
‘shielding’), then deeper an older sedimentary sequence, and finally the
fourth layer is the pre-Tertiary basement.

— Type 3 differs only slightly from the previous one, the volcanic
sequence is thin and was detected only in boreholes, the geoelectric
methods did not sense the ‘shielding’ plate.

— In type 4, in the regions between the large eruption zones there are
virtually no volcanites, or possibly they are present only in the form of
roundels or tuffs. Such, for example, is the Matészalka basin that is there-

fore a telluric minimum as well.
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5.3.3. From the Middle Flungarian Line to the Northern Middle Ranges

In this zone the pre-Tertiary basement is less known from wells than in
the areas to the south, but based on our present knowledge it might be either
Early Palaeozoic crystalline or Mesozoic carbonaceous rock, but in any
case it is of high resistivity. The decisive sediment of the sequence over-
lying it is the Oligocéne clayey sequence that can generally be charac-
terized by a resistivity of 10 Qm and its thickness may reach 1-2 km and
the significance of the Pliocene (Pannonian) sedimentary sequence play-
ing a basic role in filling up the southern Plain is substantially lower, it may
even be missing.

Telluric results reflect well the Middle Hungarian Line separating the
southern and northern types. As an example a relative conductance map
part is shown in Fig. 7 where, south of the Miskolc-Szerencs line —
roughly at the Eméd-Tiszadob line — there is a significant change not only
in the conductance values, but the size and directionality of anisotropy
ellipses change decisively. It is not only the deepening of the pre-Tertiary
basement from north to south that causes this significant change, but it also
stems from the qualitative change taking place in sediments overlying the
basement. On average, the resistivity of the mainly Oligocéne sequence
detected north of this sector is roughly twice as high as that of the domi-
nantly Pliocene (Pannonian) sequence detected south of this sector.

Due to the geological buildup favourable for geoelectric methods
(high resistivity basement, low resistivity sediment) this area can be well
investigated using telluric and magnetotelluric methods. Telluric mea-
surements correctly recognized the morphological elements even in the
northern part of the section, at the foothills, even where the Miocene
volcanic formations of the Matra Mountains occur covered with younger
sediments. Here the diffractions caused by the volcanites generate diffi-
culties for seismic measurements [NEMESI et al. 1990].

It should also be mentioned that in this sector the regional gravity
anomalies — similarly to the Southern Plain — do not map correctly the
basin that deepens from the 1000 m at the foothills of the Northern Middle
Ranges down to 5000 m at the Tisza. It is likely that due to the crust
tapering, the mantle elevation characteristic of the deep basins gravity
results shows an image just the reverse to the depth conditions of the
Tertiary basin. In this sector, too, tellurics reflects the correct depth con-
ditions of the basin.
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Fig. 7. Telluric isoarea map in the vicinity of Polgar with the anisotropy ellipses
Legend'. 1—Detail of the megatectonic line separating the Tisza and Pelso units based on
the telluric measurements
7. dbra. Polgar kornyékének tellurikus izoarea térképe az anizotropia ellipszisekkel.

Jelmagyarazat'. 1—A Tisza-egységet és a Pelso egységet elvalaszté nagytektonikai vonal
részlete a tellurikus mérések alapjan

85
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5.3.4. The intra-mountain basins
(the three northern separated areas in Enclosure 1)

Variety characterizes the geology of the basins between the mountains
and the geoelectric properties of their formations. Whereas in the area of
Carpathian Basin, as a general rule, high resistivity characterizes the
pre-Tertiary formations and the Tertiary formations are of low resistivity,
here we experienced very low resistivity formations in the old basement
and, on the other hand, the resistivity of the Tertiary Miocene volcanic
rocks is frequently very similar to that of Early Palaeozoic formations. To
mention only the extreme cases including those on the surface as well: in
addition to the Devonian and Triassic limestones of several hundred or
even several thousand Qm resistivity in the Bikk Mountains — though
these are frequently karstified and therefore of much lower resistivity — it
is worth mentioning the Carboniferous graphitic shale of lower than 1Qm
resistivity in the Uppony Mountains, and the Miocene andesite of
60-80 Qm in the Cserhat and Matra Mountains.

The most important examples of the sedimentary sequences filling up
the basins are the fairly homogeneous Oligocene clayey sequences of
significant (1-2 km) thickness, tuffs and weathered rocks of Miocene
volcanic sequences and other younger sediments complete it. Their resist-
ivity is, however, always low — not more than 10-20 Qm.

From this inexact geological picture it obviously follows that the
results of telluric measurements cannot be interpreted uniformly even
within one and the same basin. In this sector changes in the thickness of low
resistivity cause only apart, frequently less than a half of the conductance
anomalies in the telluric map. Interchanging of the low and high resistivity
basement tracts, and the fracture zones all generated characteristic conduc-
tance anomalies, but their identification and distinction from the sediment
conductance became possible mostly only after comparison with other
geophysical measurements, or even after drilling the well.

The above notwithstanding, in addition to the generalities it is worth
mentioning some details as well:

— The Cserehét, the basin of the Hernad river hardly larger than
1000-1200 km2, was the first intra-mountain basin where telluric measure-
ments took place as early as in 1964.

It was obvious already at the time of measurements that the homo-
geneity ofthe field of the telluric current regular in the large plains ceased
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to exist here. While it was natural in the plain that the signal shape was
identical even at measuring stations 100 km apart (there were differences at
best in the amplitudes’ magnitude), here frequently even within a sepa-
ration of only 10 km the signal shape of only one of the two measured
orthogonal components was similar, and the other component was totally
different. Therefore it was necessary to use three telluric base stations
within the relatively small area and to take a great deal of care in selecting
the roving stations; in other words the interpreter processing the photo
records with manual, analogue methods must see similar signal shapes. In
the isoarea (relative conductance) map that can be seen in Fig. 8 Andras
Simon plotted the dominant anisotropy directions (current directions ofthe
linearly polarized field); from these it can be perceived that in certain
extreme cases these current directions are nearly orthogonal. As it turned
out not only the narrow valleys filled with conductive sediments generate
the channelling, but frequently the alternating high and low resistivity
basement tracts as well. Thus, on the basis of the above it is no longer
surprising that the low resistivity basement formation, graphitic shale in
the Alsdvadasz-1 well plays a significant role in generating the dominant
conductance anomaly (shown in green) in the conductance map detail of
this region in Enclosure 1, and the basin filled with Tertiary sediments and
detected by seismics is only of secondary importance. The well was located
just here precisely to reveal ‘the contradictions’, because here the ‘geo-
electric basement’ is much deeper than the ‘high density, high velocity’
basement.

—The interpretation of the Ozd basin 3 conductance map covering
about 800 km2is in many ways similar to the previous one. Here, however,
several decades later and already in possession of magnetotelluric mea-
surements all this caused less surprise, but the fact has not changed that
since the early 1980s the already digital telluric instruments have also been
fully capable of measuring electromagnetic waves most frequently
occurring only in nature with a period time of 20-30 s, and therefore the
telluric map equally reflects changes in the depth ofthe sedimentary basin,
in the conductance of the sedimentary sequence, and in the conductance of
basement [MADARASI 1990]. Anomalies of the telluric map showing an
unusual and significant variability of conductance highs and lows were
investigated with magnetotelluric soundings to separate as much as pos-
sible these three effects. The magnetotelluric sounding curve measured at a
well that reached the basement and can be seen in Fig. 9 bears evidence of
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Fig. 8. Results of telluric measurements in the Cserehat (valley of Hernad)
Legend: 1—telluric measurement station with the local current direction; 2—telluric base
station; 3—isolines of conductance; 4—anisotropy directions characterizing individual
sub-areas
8. dbra. A cserehati (Hernad volgy) tellurikus mérések eredményei.
Jelmagyarazat'. 1—tellurikus mérési pont a helyi aramirannyal; 2—tellurikus bazisallomas;
3—vezetbképesség izovonalak; 4—egy-egy teriletrészre jellemz6 anizotropia iranyok
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Fig. 9. Magnetotelluric sounding curve measured at the well Susa-1

Legend'. 1—S interval; 2—effect of the conductor within the basement; 3—period range of
telluric measurements

9. abra. Susa-1 farason mért magnetotellurikus szondazasi gorbe. Jelmagyarazat: 1—S
tartomany; 2—az aljzatbeli vezetd hatdsa; 3—a tellurikus mérések periédustartomanya

the proposition’s promise, because it can be perceived that from the
soundings performed at the individual telluric anomalies both the depth to
the basement and the conductance of the young sediments can be deter-
mined, and the excess conductance above these can be ascribed to the
basement’s conductance. Recognition of the real geological image from
such a variable telluric anomaly image requires a relatively high number of
magnetotelluric soundings, but such a combination of telluric and mag-
netotelluric measurements is, even so, significantly less expensive than
investigating the area with magnetotelluric soundings alone. Although
financial sources available from the budget for investigations at the end of
1980s did not allow measurement of a sufficiently dense magnetotelluric
grid, the construction of a contour map of the pre-Tertiary basement with a
contour line interval of 500 m [MADARASI 1990] was successful.

— In the about 800 km2northern part ofthe Zagyva graben between
the Cserhat and Méatra Mountains — in addition to the gravity and
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magnetic measurements — reconnaissance telluric and magnetotelluric,
seismic surveys took place as well [NEMESI et al. 1990].

Out of these three intra-mountain areas this is the least variable con-
sidering both the anomaly image and the geological interpretation. In
Fig. 10, in the telluric isoarea map the absolute ellipses can be seen as well.
In the northern third ofthis map detail the conductance values are primarily
proportional to the sediment thickness in the Tertiary basin, in the southern
two third parts first of all the Neogene asymmetric eastward dipping
graben can be recognized. On its eastern bank, at the foot of the Matra
Mountains andesite appears on the surface, its resistivity is one order of
magnitude higher than that of the basin sediments, it channels the current
field. And — in contrast to the generally characteristic north-
east-southwest directionality of anisotropy ellipses — here the
north-south directionality becomes dominant.

One of the map’s curiosities is the narrow conductance anomaly of
east-west direction that can be seen east of the village of Bujak, south of

Fig. 10. Telluric isoarea (relative conductance) map of the Zagyva graben with the
anisotropy ellipses

10. abra. A Zagyva arok tellurikus izoarea (relativ vezet6képeség) térképe az anizotropia
ellipszisekkel



Telluric map ofEast Hungary 91

Pasztd, and it divides the map into a northern third and southern two thirds.
In this zone the direction ofthe smaller anisotropy ellipses characteristic of
the high conductance turns also in the anomaly’s east-west strike direction.
At the same time this anomaly is the northern border line of the Métra
Mountains as well, but it is much more than this, too: it is the structural
border separating the Pelso and Western Carpathian units that can be seen
in Fig. 2. This is a megastructural line to the north of which Early Palaeo-
zoic crystalline rocks known from wells (Szécsény) constitute the base-
ment, and the basin sediments are primarily of Palaeogene age. South ofthe
line Mesozoic carbonaceous basement is assumed, and in the overlying
6 km thick sequence — in addition to the assumed thick Palaeogene
sequence — the Neogene formations, primarily a thick Miocene sequence
of volcanic origin and the overlying almost 2 km thick Pannonian (Plio-
cene) sequence are significant as well. This latter interpretation can be
formulated based on the seismic-magnetotelluric profile marked EK-6 and
measured in the Zagyva graben in approximately north-south direction.

6. Summary

Almost 100 years ago Lorand Eotvds pioneered the detection of geo-
logical structures with his torsion balance. Since then, geophysics has
become the most important method of structural investigation and, within
it primarily of hydrocarbon exploration. For decades, gravity measure-
ments became a synonym for geophysics then seismics — the most effec-
tive even today — appeared, but it is much more expensive and far more
sophisticated than gravity. Therefore wherever integrated surveys are per-
formed, it has been realized that it is more practical to get to know the
megatectonic conditions from inexpensive reconnaissance gravity mea-
surements, and make use of concentrated seismics only at the most pro-
mising areas. This approach has shown mixed results: sometimes absolute
success, sometimes no success. For example — in the western part of the
Carpathian Basin this principle generally worked well, however in the
eastern halfdiscussed here it did not work. Thus, recently it has been stated
that below the 5-8 km deep subbasins filled with young sediments the crust
is thin, i.e. the mantle material, where density is much higher than that of
the crust forms a plume below the basins, this results in a gravity high that
in some cases reduces significantly; in other cases, however, it masks the
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young basins’effect. Over the deepest basins in East Hungary gravity highs
can be found. Despite its much lower cost the telluric method correctly
imaged the basement’s structural and depth conditions in these areas as
well. In other words, we consider it practical anywhere in the world’s
deepest basins to apply reconnaissance tellurics in addition to gravity, or
with the up-to-date instrumentation of multi-station magnetotellurics.

Telluric surveys in Hungary started 50 years ago. There are great
differences in effectiveness and reliability between the present instru-
mentation and the instruments then in being, and between the manual and
digital processing. In certain parts of the presented map the station density
of coverage strongly varies as well. Even so it can be stated that after the
most modern seismic measurements and drilling evidence telluric mea-
surements detected each expectable structural element on the basis of
station density. This holds true down to details of 2-5 km.

Besides all of this 50 years ago researchers dealing with tellurics
realized that not only changes in the thickness of saline marine sedimentary
sequence conducting well the electric (telluric) current cause conductance
anomalies but changes in its resistivity determined by lithological com-
position, grain size, etc. as well. Therefore after the reconnaissance telluric
measurements direct current, then later magnetotelluric soundings were
regularly carried out in a looser grid that allowed changes in the resistivity
of sedimentary sequences to be taken into consideration and thus the
contour map of the high resistivity was enabled, too. These geoelectric
measurements provided for the first time depth maps acceptable even today
of the 6.5-7.5 km deep basins in the southeastern Plain, the Makd graben
and the Békés basin between 1967 and 1973 [NEMESI et al. 1981].

Fifty years ago researchers did not take into account that the old
basement — in the Carpathian Basin mostly Palaeozoic crystalline and
Mesozoic carbonaceous rocky of high density and high propagation veloc-
ity — may be of low resistivity locally too. This is the third most essential
source of conductance anomalies in the telluric map. In most known cases
Cretaceous sediments or older graphitic shale, meta-anthracite have such
properties, but in other places megastructural lines generate band-like
conductance anomalies.

In possession of the present knowledge on the geological conditions
the most important contribution of telluric measurements is that they are
able to provide other results, other anomalies than gravity, magnetics or
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even seismics the resolution of which is much higher. Clarification of the
reasons for these anomalies leads to new geological information.

In all those areas ofthe world where deep structural investigations are
only in their early stages, e.g. in the period of finishing off the gravity
measurements before the seismic surveys, it is worthwhile to carry out tel-
luric, magnetotelluric measurements too in a quasi-grid, especially when
the assumed depth of the basins may be more than 3-5 km. Obviously,
those organizations who constructed 100-200 station magnetotelluric sys-
tems also recognized that these measure, at the majority of stations, only
electric (telluric) components. It should be emphasized, however, that the
integrated geological interpretation must not neglect knowledge of geo-
electric properties anywhere, in any depth interval, anywhere in the world.
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Kelet-magyarorszag tellurikus térképe
MADARASI Andras, NEMESI Lészl6, VARGA Géza

Kovacsvolgyi Sandor és munkatéarsai az Orszagos Tudomanyos Kutatasi Alap-t6i (OTKA)
elnyert tdmogatas keretében (T 026515 sz. téma) klaszter analizissel vizsgaltak a gravitacios,
foldmagneses, tellurikus kutatasi eredményeket és a pre-tercier medencealjzat mélységtérképét.
Ennek anyagi forrasaibol sikeriilt a K-Magyarorszag 1:500 000-es méretaranyu tellurikus vezet6-
képességtérképet is kinyomtatni, amely mellett az 6sszehasonlitas kedvéért a gravitacios és fold-
magneses térképek is lathatok (1. melléklet).

A tellurikus mérések alapvetd céljat Kantas Karoly fogalmazta meg 1954-ben, akadémiai
székfoglalojaban. Ennek Iényege, hogy a tellurikaval mindenek el6tt az iledékes medencék aljza-
tanak mélysége, és az lledék atlagos fajlagos ellenallasanak lateralis valtozasa kutathatd, ami
els6sorban a szénhidrogén-kutatas szempontjaboél érdekes. Leszdgezte, hogy: “a klasszikus kutato-
maodszerekkel 6sszehasonlitva a tellurikus kutatasok helyét a gravimetria és a szeizmikus kutatasok
kdzé tehetjuk”.

A mellékelt tellurikus térkép harom magyar intézmény — a Miskolci Egyetem Geofizikai
Tanszéke, a magyar olajipar (OKGT) Geofizikai Kutaté Vallalata és az E6tvos Lorand Geofizikai
Intézet (ELGI) — kvazihal6zatos méréseinek eredményei alapjan, atlagosan 25 s periddusideji
oszcillaciokat felhasznald mérésekbdl sziiletett abszolut vezet6képesség térkép. A relativ tellurikus
mérési eredményeket magnetotellurikus szondazasok segitségével szamitottuk at abszolat érté-
kekre. Atérkép szinkulcsa megegyezik a 2000-ben megjelent Ny-magyarorszagi tellurikus térké-
pével, amelynek magyarazéjaban részletesen kitértlink a mérésekhez hasznalt miszerek és feldol-
gozasi eljarasok ismertetésére is.

Meg kell még jegyezniink, hogy a most mellékelt teriilet 30 000 km2-nyi részén tortént
geoelektromos kutatasi eredményekrél, azok féldtani értelmezésérél 1981 -ben a Geofizikai Kdzle-
mények killénszamaban részletesebben is beszamoltunk.

A most bemutatott térkép értelmezését geoelektromos kontrollok — nagymélység(i egyen-
aram0 szondazasok, magnetotellurikus mérések — utan elsésorban a gravitaciés Bouguer-
anomalia, a féldmagneses AZ anomalia térkép és a pre-tercier medencealjzat térképpel torténd
Osszehasonlitas alapjan végeztik. Megallapithattuk, hogy a tellurikus térkép az 5-8 km mélységl
iledékes medencékrél, azok mélységérdl, szerkezeti viszonyair6l igen jo kvalitativ képet mutat,
szemben a gravitacios, vagy féldmagneses térképekkel, amelyek anomaliait, K-Magyarorszagon
elsésorban kopeny-kiemelkedésekkel magyarazhatjuk Ez a tény fényesen igazolja a mdédszer
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szénhidrogén-kutatasban torténé alkalmazéasanak fontossagat, mégpedig a gravitaciés és fold-
magneses mérések utan, a szeizmikus méréseket megel6z6 kutatasi fazisban.

Ha a neogén medence feltdltésében jelent6s mennyiségl (miocén kord) vulkani anyag is
el6fordul, akkor ezeken ateriileteken a tellurikus kép nem a pre-tercier aljzat mélységével aranyos,
mert a vulkénitok fajlagos ellenallasa dsszemérhetd az aljzatképzédményekével. llyen EK-alfoldi
terlileten (Nyirség vidéke) a tellurikus anomalia-kép leginkdbb a magneses anomalia képhez
hasonlit.

A méréstechnika és a gépi feldolgozastechnika fejl6dése az 1980-as évektdl lehetévé tette az
anizotrdpia ellipszisek abrdzolasat is. Ez a vezet6képességanomaliak mellett, igen szemléletessé
teszi ajelent6sebb szerkezeti vonalak kimutatasat is, pl a Tisza-egység és a Pelsoi-egység, vagy a
Pelsoi-egység és a Ny-Karpati-egység kozott.

Az E-i Hegyvidék bels6 medencéiben gyakran fordul el6 a pre-tercier aljzatban kis fajlagos
ellenallast képz6dmény, pl. grafitpala. Ez a tény a harmadkori tledékek vastagsagvaltozasabol
adddo vezetbképesség-valtozasok mellett sokszor jelent6s anomaliak okozoja.

A mai ismeretek szintjén, amikor bemutatott térképeink teriiletén a pre-tercier aljzatot tébb
ezer mélyfaras érte el — és sokszor a tellurikus mérések stirliségét joval meghalad6 szeizmikus
vonalhal6zat szolgaltatja kutatasi eredményeit — a kvalitativ tellurikus térképnek és mas kvalitativ
(gravitacios, foldmagneses) térképnek is az a legfébb értéke, hogy bizonyos teriiletekrél egymastol
eltéré képet mutatnak, amelyek konkrét foldtani okai sokszor még nem ismeretesek. Ezek az
eltérések hivjak fel a figyelmet a geologiai érdekességekre, esetleg eddig feltaratlan nyersanyagok
létezésére.
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Bouguer anomaly map of Hungary

Janos KISS*

The Bouguer anomaly map of Hungary on a scale of 1:500,000 is given as Encloure 2. The
main stages in construction and some geophysical-geological viewpoints are given.

Keywords: gravity surveys, Bouguer anomalies, Hungary

Gravity measurements have been carried out in Hungary since 1901.
At the beginning one used the E6tv0s torsion balance; later, from the 1940s
— regarded as modern — gravimeters were used. In the meantime,
although the methods of measurement and preprocessing have not
changed, the accuracy of field measurements has increased. This was due
to the more up-to-date and precise gravimeters as well as to the more strict
altitude-determination because of the increased accuracy (exact deter-
mination and consideration ofthe measuring mass and ofthe altitude ofthe
instrument stage).

During the period of the cold war, gravity data were top secret, which
caused a great many problems concerning the processing and interpretation
of the measured data. The unified gravity network of Hungary was com-
pleted in the 1950s, and since that time gravity processing for geological
purposes uses this so called MGH-50 basic network.

Because of the uniform data system and because ofthe pre-processing
of gravity data (various corrections) the demand for computer based data
processing arose very early. Doubtless this is why gravity survey data
became the basis of ELGI’s first digital database. The preliminaries of
database handling started in the *big-computer’ period, in 1968, but the
standardized form of stored gravity data became final and general in
database processing only in 1984 [KovAcsvOLGYI 1993]. Data were
stored first in data files organized according to map sheets on a scale of
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1:25,000; later, in order to speed up database operations, on a scale of
1:100,000.

There are more than 380,000 gravity points in Hungary [KOVACS-
VOLGY! 1994a, KISS 2001] and there are only a few places where one
cannot get useful geological information of gravity data because of lack of
data. In that most data originate from state-supported measurements the
database is qualified as open access. The territory of Hungary is totally
covered with measurements in a quasi-network, with sparse but uniform
density along roads. The dense gravity field measurements in a regular
network are connected with industrial raw-material prospecting, mainly
with oil, gas, coal and bauxite prospecting, and some of these measure-
ments are no longer open access.

The survey density for the whole country is, on average, 4 point/km2;
but there are parts where the density does not reach 1 point/km'. Such
places were for example, W Mecsek and its surroundings, where there was
practically no measured point on an area of 240 km2 up till 2002 [KISS
2002]. The efforts of the last years tried to terminate this situation. As
geophysical preparation for geological prospecting with a view to the
deposition of radioactive waste deposits we hope to rectify this.

A countrywide gravity map on a scale of 1:500,000 was first prepared
in 1978. Later, in 1984, Szab6 and Sarhidai [SZABO 1989], and in 1996
Kovacsvolgyi and Stickel prepared subsequent variations — the latter only
for internal application. Thanks to the readiness of the database as well as
the development of the processing and printing representation capacities
[VERTESY 2002], and to the financial support by OTKA of ‘Hungary’s
gravity lineament map’ topic the latest printed version of the Bouguer
anomaly map could be finished on a scale of 1:500,000 (Enclosure 2).

Because of the inequality of the measurement density and the need to
prepare a gravity map of Hungary we made use of interpolated data to
obtain grids with a size 0f 500 or 1000 m. The choice ofasmaller grid could
result in pseudo-anomalies in interpolation; e.g. one might show during the
processing the measuring tracks instead of geological effects. We filtered
out false and double points as well as testing by multiple interpolations
which grid size and blanking distance should be applied for a given
measurement density [KISS 2002]. While constructing the Bouguer anom-
aly map we interpolated the data in a 1000 m grid, and carried out further
interpolation only so that we could achieve a better presentation by making
the original grid more dense.
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When constructing a Bouguer anomaly map reduction-density is a
very important parameter, being 2000 kg/m3on basin-areas, and in outcrop
regions about 2670 kg/m3. Since in the framework ofthe OTKA project we
basically examined the structural relationships of the basin areas covered
with young loose sediments — faults and formation borders appear with
good identifiability in the areas of outcrops — we applied as a basic map
the Bouguer anomaly map calculated with a 2000 kg/m3reduction-density
(Enclosure 2).

During processing we applied the MGH-50 gravity system — this is
the gravity database system, on the Potsdam base-level, applying the
Cassinis-like (1930) normal field formulae, and calculating with the
Adrian-altitude. This has been used in Hungary since the 1950s for
geology-oriented geophysical prospecting.

Bouguer anomaly maps — achieved as a result of gravity measure-
ments and serving as the basis for interpretation — can be used in practice
for the following purposes:

—tracking the relief of high-density basin-basement;

—proving the lateral density variations in the basement;

—examining density inhomogeneities of the sedimentary sequences
filling the basin;

—delineating high-density magmatic formations settled in between
the basin filling sedimentary sequences.

Almost all geological problems can be linked with one of the listed
items. During raw-material prospecting (oil, gas, coal or bauxite), thermal
water prospecting, geothermic surveys, as well as geological mapping, a
Bouguer anomaly map is used as a kind of initial map. With the help of new
digital processing programs, gravity interpretation based only on Bouguer
or residual gravity maps is already outdated. When processing the map data
we have at our disposal: iterative depth estimations by two-layers model;
various possibilities of space and frequency domain filtering, depth
slicing, and the delineation of below-surface bodies are also available —
given that the geological model of the area makes such a resolution
possible.

Based on the experience gained in interpreting Bouguer anomaly maps
and from comparing the Hungarian Bouguer anomaly map and borehole
and well-logging data it can be stated that the territory of Hungary is
characterized by a number of different gravity models — though the
main-structure is well reflected. In most parts of the country normal or
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basic mountain (roughly two-layers) models can be applied. Here the relief
of the Tertiary basement defines the main characteristics of the Bouguer
anomaly map; there are low density, loose basin sediments above the
basement. The other type is the Plain-model where, against deep basin
depths, we observed local maxima; this means that there is a contradiction
between the relatively large basement depth and the Bouguer anomalies. A
number of factors may play arole in this. These are worthwhile analysing:

1. The density-depth relationships of the debris sediments [SZABO,
PANCSICS 1999, MESZAROS, Zi1 AHI-SebeSS 2001] show that at a 2-3 km
depth the density of these sediments relates to the basement; in other
words, the deeper basins have no gravity effect or only a very small one.
This is confirmed by automatic gravity processing and modelling along
profiles [KISS 2000, BODROGI, KISS 2000, VERTESY et al. 2000].

2. From examining different sites other authors [such as KOVACS-
VOLGY!I 1994b, 1995, 2005] see the lower crust-mantle density inhomo-
geneities reflected in the Bouguer anomaly values — since in the upper
layers there are no sequences with anomalously high density.

3. The starting point of this explanation based on considerations
similar to point 2 above, is a huge regional gravity maximum in the
Carpathian Basin [WYBRANIEC et al. 2005, HORVATH 2004], and as an
effect of this there are increased anomaly values in the Great Hungarian
Plain. This regional effect can be determined on the basis of a European or
Central-European Bouguer anomaly map and can be filtered out from the
national data system. Thanks to the OTKA project and the CELEBRA-
TION programme this can be done in the near future. As a result of the
filtering one obtains a gravity anomaly map for the Hungarian Great Plain,
which corresponds more to a normal basic mountain model. Despite the
relevance ofthe previous two points perhaps one can increase the accuracy
of the gravity anomaly map by crossing the border.

Bearing in mind the last three remarks a new perspective is given to
apply the old data system on a modern European level, thereby giving a
new impetus to gravity prospecting.
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Magyarorszag Bouguer-anomalia térképe
KISS Janos

Magyarorszag Bouguer-anomalia térképét a 2. sz. mellékletben kozdljik. Rovid dssze-
foglalast adunk a térkép szerkesztés geofizikai-geoldgiai szempontjair6l és a torténelmi el6z-
ményekrél.
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