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

Sándor KOVÁCSVÖLGYI*

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 of the 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 [K O V Á CSVÖ LG Y I, 
O CSENÁ S 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.
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— The map of the surface of the pre-Tertiary basement [KlLÉNYI, 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 
[KOVÁCSVÖLGYI 1994, M il ÁNKOVICH 1995]. In a 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 in a grid of 500*500 m, and in the 
Bükk and Mátra 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 [MILÁNKOVICH 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 
[HA Á Z, KOMÁROMY 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 of telluric 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 [KOVÁCSVÖLGYI 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 [KOVÁCSVÖLGYI, OCSENÁS 
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 o f  regions

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’s territory; 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 1 falls 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. ábra. Elsődleges régiók 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 1 and 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

Subareas: - © - 1 -B-3
Fig. 2. Dependence of Bouguer anomalies on depth to 

the basement surface
2.ábra. A Bouguer-anomáliák függése az aljzatfelszín 

mélységétől
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a basement depth of 
1.5 km — form two 
groups: the curves of the 
two northern regions 1 and 
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 
groups. At the same time 
a simple contraction of 
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 Nyír
ség (this is a larger region than the geographical territory) as an inde
pendent region is justified 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 of real 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.

3.ábra. A tellurikus vezetőképesség függése az 
aljzatfelszín mélységétől

Fig. 3. Dependence of telluric conductance on depth to 
the basement surface
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Fig. 4. Location of final regions 
4. ábra. Végleges régiók 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. In the 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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Fig. 5. Profile 1 
5. ábra. 1. szelvény

42 km, over the basin’s 
deepest point. From 
here a moderate de
crease in Bouguer 
anomaly values ac
companies the rise in 
the basement. Based 
on the anomaly image 
two effects, independ
ent of basin structure, 
can be detected as well. 
A pronounced maxi
mum accompanies the 
deep basin, as was 
already successfully 
demonstrated locally 
in several parts of the

Pannonian Basin [POSGAY et al. 1995, K O VÁCSVÖLGYI 1999, K O V Á C S
VÖLGYI, OCSENÁS 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
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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 
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 [KOVÁCS
VÖLGYI, OCSENÁS 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 [SZABÓ, PÁNCSICS 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 of the 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.

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

S
100

50!
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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 of the 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 
o f ‘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 [KO V Á CSVÖ LG Y I, O CSENÁS 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 
on depth to the basement surface 

7. ábra. A Bouguer-anomáliák függése az 
aljzatfelszín melységétől

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

8. ábra. A  tellurikus vezetőképesség 
függése az aljzatfelszín mélységétől
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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 of the Transdanubian regions’ curves that 
the rise of telluric 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 a rapid 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 [KO V Á CSVÖ LG Y I, O CSENÁ S 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.
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To explain the higher Bouguer level of the ‘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 [BO D O K Y  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 Nyírség 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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9. ábra. A déli terület klasztertérképe 
Fig. 9. Cluster map of the Southern area
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Fig. 10. Cluster map of the Northern area
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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 of the Békés 
Basin!) than the ‘northern’ one; from here, however, a difference of about 
200 S becomes stabilized. The curve of Nyírség 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 
KILÉNYI-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
tance curves also follow a similar 
line (Fig. 13, 1,2); the difference be
tween their levels is little as well. 
The reason for classification into a

Fig. 12. Dependence of Bouguer anomalies 
on depth to the basement surface in clusters 

o f the ‘southern’ sub-area 
12. ábra. A Bouguer-anomáliák függése az 

aljzatfelszín mélységétől a déli terület 
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 1 it is similar to the average 
curve of the ‘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. 7): down to 2 km it increases, 
then from 3.5 km it rapidly de
creases, it takes place by 4-8 mGal 
below the ‘southern’ average curve. 
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.

Fig. 13. Dependence of telluric conductance 
on depth to the basement surface in the 

clusters of the ‘southern’ subarea 
13. ábra. A tellurikus vezetőképesség 

függése az aljzatfelszín mélységétől a déli 
terület klasztereiben
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3.2. ‘Northern ’ area

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

Based on Figs. 14-15, clusters 1 and 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 
on depth to the basement surface in clusters 

of the ‘northern’ sub-area
14. ábra A Bouguer-anomáliák függése az 
aljzatfelszín mélységétől az északi terület 

klasztereiben

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

of the ‘northern’ sub-area 
15. ábra. A tellurikus vezetőképesség 

függése az aljzatfelszín mélységétől az 
északi terület 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 of the 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) of the 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 of the four clusters, roughly the whole interval 
of clusters 1 and 3, and the deeper than 3 km part of cluster 4 show the 
peculiarities of the ‘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. Nyírség

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



Statistical study o f  ground geophysical potential field data... 55

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), in cluster 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

mGal

Fig. 16. Dependence of Bouguer anomalies 
on depth to the basement surface in clusters 

of the Nyírség sub-area 
16. ábra. A Bouguer-anomáliák függése az 
aljzatfelszín mélységétől a nyírségi terület 

klasztereiben

the average level of the clusters. A

s

Fig. 17. Dependence of telluric conductance 
on depth to the basement surface in clusters 

of the Nyírség sub-area 
17. ábra. A tellurikus vezetőképesség függése 
az aljzatfelszín mélységétől a nyírségi terület 

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 
of cluster 1 (red) concentrate in the area’s NW part, the bulk of the 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 Nyírség 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 of these 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 of the 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 Nyírség 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 of volcanites 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 Nyírség, 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 Nyírség 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 Nyírség, 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 KILÉNYI, 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 VETŐ-ÁKOS [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 Rába 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) of the Transdanubian area 
between the Balaton line and the Rába 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 [KOVÁCSVÖLGYI, OCSENÁS 2000] 
demonstrated that the basement map is wrong here, thus these anomaly 
elements are not real ones.

In the course of our earlier study [KOVÁCSVÖLGYI, OCSENÁS 2000] 
we associated the minimum area that can be found in the southern part of 
Transdanubia with the thickening of the 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 
Nyírség 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 
Darnó 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 Darnó and Diósjenő 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 start to 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 of the 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 [SCHÖNVISZKY, KOVÁCSVÖLGYI 
1993] the minimum detected in the northernmost part of the area is a 
consequence of the northward (beyond the country’s border, too) ever more 
thickening Earth crust.

North of the Diósjenő 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 Diósjenő 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 Nyírség 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 o f  ground geophysical potential field 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 of the regional gravity step. This phenomenon is missing here only in 
some parts of Nyírség, the reason for which was analysed above. At the 
same time relative values higher than 15 mGal uniformly characterize the 
southern part of the 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 Diósjenő 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 the following 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 Damó 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 of the 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 Nyírség 
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 Diósjenő 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-magyarországi területek felszíni erőtér-geofizikai adatainak 
statisztikai vizsgálata

KOVÁCSVÖLGYI Sándor

Kelet-Magyarország tellurikus adatbázisának és a terület tellurikus vezetőképesség-térké
pének (1. sz. melléklet) elkészülte lehetővé tette a mérések által lefedett részek erőtérgeofizikai 
eredményeinek komplex statisztikai vizságlatát. A munka a Dunántúl területére elvégzett elemzés 
[Kovácsvölgyi, OCSENÁS 2000] folytatása, ahhoz hasonló módszertant követ. A vizsgálatok az 
OTKA T 026515 téma keretében készültek, e publikáció megjelentetését szintén az OTKA 
támogatta.
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