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1. GEOPHYSICAL PROSPECTING

The field work of ELGI for 1987 is presented in the map of Fig. 1.
The reconnaissance bauxite exploration o f the Transdanubian Central Range 

and that o f the Villány hills continued using the methodology developed in previous 
years. On the gravity (Bouguer- and residual-) lows of the Bajna-Epöl area electro
magnetic (Maxi-Probe) profiles were measured to determine depressions of the base
ment. Ten boreholes were located on these profiles, which proved the existance of 
the depressions. Three of the boreholes penetrated Eocene formations, including 
one which (Bn-160) crossed a 10 m thick brown coal seam. Fig. 2. shows that this 
borehole is to be found in a basement depression with faults of 100-150 m throws 
both towards the south and west. Based on profile BN12X, we suppose that the 
coal-bearing formation wedges out towards the south because of the original deposi- 
tional environment. At Alsóörspuszta, south of Zsámbék I/A Colliery of the Mány- 
east coal field, between Triassic dolomite outcrops, bauxite exploration started in 
1987. The area was interesting for the coal mines, too. especially the zone between 
the outcrops and the known coal field. Because the area is highly tectonized, 
drilling activity must be preceded by some high resolution geophysical investi
gation. On the presented case history this involved recording two electromagnetic 
profiles starting from the outcrops. In profile ZsK6X (Fig. 3) а multistep fault 
system was found. The drilling, located on the broadest step, reached the basement 
at the predicted depth, but no Eocene formations were found. Thus this area can 
now be excluded from further exploration. In the north-western foreground of the 
Bakony Mts (area Tapolcafő) there are three possible geological models: (i) Upper 
Triassic dolomite and limestone covered only by Oligocene formations, (ii) Upper 
Triassic formations overlain by Senonian marls or limestones which are known 
from outcrops, but are covered, in most cases by Oligocene and Quaternary, (iii) 
Upper Cretaceous overlying Triassic basement covered by Ecoene limestone. The 
reconnaissance survey started with a transient EM network in 1986. As a result, 
areas of possible bauxite deposits were outlined, and subsequently, in 1987, geophysi
cal mapping was carried out, with potential mapping and Maxi-Probe EM profiles. 
Borehole UG-377 found the basement at a depth range predicted by the transient 
measurements (Fig. 4). For the second and third model, the most important task of 
geophysics was to delineate the carbonate facies of the Upper Cretaceous as possible 
bauxite mother rock. Transient and Maxi-Probe EM measurements showed the 
Triassic basement at a depth of about 350 m, but at the same time the measurements 
drew attention to the variable resistivity of the Upper Cretaceous (Fig. 5). The 
Maxi-Probe and the well log resistivity curves both show intercalated low resistivity 
layers in between the Ugod limestone (U. Cretaceous). Although no bauxite de
posit was found, at one borehole the gamma-ray log proved the existance of bauxitic 
clay.
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From the areas of detailed bauxite prospecting two examples are presented. 
At Fenyőfő -South bauxite is expected in shallow depressions of the Triassic limestone, 
covered by either Oligocene sand-shale complex, or by Middle Eocene limestone. 
In the first phase of our survey in 1987, VLF mapping was carried out in a 25 x 25 m 
grid. The apparent resistivity map (Fig. 6) indicated a resistivity minimum which 
can be interpreted as a possible bauxite containing cavity. To find out the quality 
of the infill, engineering geophysical soundings were located at the centre of the mi
nimum. With and within the penetrating bit, three parameters were recorded: peak 
force, integrated force and gamma-ray activity. The sudden increase of the gamma- 
ray curve, together with the slight increase of both force curves indicate the presence 
of bauxite (Fig. 7). Borehole Bszl-122 proved the validity of the results of engineer
ing geophysical soundings: from 8.7 to 21.3 m it penetrated bauxitic clays, although 
the penetrometer could reach only the top of the bauxitic layer (maximum penetra
tion was 11.5 m). Using this method, the productivity of drillings can be improved.

The palaeogeographic unit between the Nagy egyháza and Tatabánya coal fields 
was delineated as a potential bauxite field during the reconnaissance survey. With 
VLF and potential mapping depressions were found (Figs. 8 and 9), where boreholes 
penetrated good quality bauxite. As a result, the prospecting of the area is continu
ing in 1988.

The reconnaissance survey for Eocene brown coal in the Transdanubian Central 
Range continued in two areas: the Bokod-II—Márkushegy area belongs to the 
Oroszlány Coal Mines while the Bajna-Epöl area to the Dorog Coal Mines. We 
present here, in some detail, the case history of the first area. The task was to follow 
the 20-70 m thick coal-bearing formations between boreholes thus providing infor
mation to plan a partly completed gallery joining the two existing coal mines. Two 
reflection seismic profiles were shot along the planned gallery (Fig. 10), one using 
explosions, the other vibrators. The task needed high resolution, therefore we want
ed to work in the 40-160 Hz frequency band (with 10 m geophone spacing, 1 msec 
sampling interval, 0.3 kg charges and 30-170 Hz sweep). Interpretation was made on 
1:2000 scale migrated time sections coloured according to amplitude strength (Figs. 
11 and 12). The real difficulty of the task is in the local geological build-up: neither 
horizon connected with the coal-bearing formation provides a marker of outstanding 
acoustic properties. We could not determine a good enough velocity function until 
a VSP was shot in borehole 0-2497. The small faults along the profiles could be 
correlated between the two time sections. One fault, on Profile Mer-6/86, near 
borehole 0-2463, predicted to have a throw of 25 m, was found to have an 18 m 
throw by the advancing gallery.

The program of the geophysical exploration o f the Balaton Highlands was adapted 
to local problems of the geological mapping. We will illustrate the variable tasks 
and the applied methodology with two examples. At Balatonfüred-Nagymező, on 
the surface Norian Hauptdolomite formation is to be found dipping to the NW. 
It is supposed that the Veszprém Marl formation is underlying the Hauptdolomite. 
Geologists expected some information on the thickening of the Hauptdolomite 
towards the NW. Transient EM measurements were interpreted by interactive curve 
fitting and the results were illustrated on profiles (Fig. 13). It was found that the 
geoelectric boundary runs nearly parallel to the surface in about the 130-185 m 
depth range. As the dip of the geoelectric boundary differs strongly from the observed 
dips of the Hauptdolomite on the surface, and at the same time the Sándorhegy 
Limestone Member immediately underlying the Hauptdolomite is missing from the
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sequence, it is supposed that the geoelectric boundary represents an overthrust fault 
plane.

On the “minivolcano” between Mencshely and Vörös tó, geomagnetic measure
ments were carried out to delineate the extension of near-surface basalts (Fig. 14). 
By modelling the magnetic field, it was found, that the anomaly can be reproduced 
either by a thin horizontal plate (with the positive anomalies along its edge) or by 
a complex body with a reversely magnetized body in the centre. The first case can 
be excluded, as the basalt layer is of significant thickness. The second possibility gave 
an anomaly well fitting to the observed one.

The programme dealing with the regional exploration o f the Danube-Rúba 
lowland continued according to plan. The progress made in various geophysical sur
veys is shown in Fig. 15. The seismic reflection method, tellurics and magnetotellurics 
were used for deep structural exploration. In Fig. 16 magnetotelluric profile KA-2 
is presented. The resistivity of the basement varies in the range of 20-100 Qm, while 
its depth in the range of 3.9-9.1 km. The medium depth range (500-700 m) was 
investigated on the area of map sheet 501 by the methodology described in former 
years. From the average resistivity and polarizability maps those are presented in 
Figs. 17 and 18, whose penetration depth is about 100 m. From these maps lithologic 
sketches were constructed (Fig. 19). The results are also presented in the form of 
geoelectric profiles (Fig. 20). The shallow depth range was studied by engineering 
geophysical soundings. Their annual distribution is presented in Fig. 21. With that 
method four parameters are recorded: peak force, integrated force, gamma-ray and 
gamma-gamma activity. Geological classification is carried out by computer, with 
an algorithm based on statistics.

In northern Hungary, in the framework of the programme for the structural 
exploration o f the Bükk Mts and the surrounding areas, we finished the reconnaissance 
survey of the Szendro hills. From the gravity maps the residual anomaly map, com
puted by a=2.2-103 kg/m3 density for the Bouguer correction and with a low-cut 
filter, is presented in Fig. 22. The residual anomalies reflect first of all structural 
information. Basement contour map was not possible to construct either from grav
ity, or from geoelectric data. The different methods agree only in locating the main 
structural line forming the boundary of the elevated block on the SE. The boundary 
is formed by a double echelon fault system. The main direction of the structural lines 
is WSW-ENE, with some secondary faults of N-E direction.

The seismic reflection profile shot across the gravity minimum zone between 
Szendro hills and the Damó line (Fig. 23), shows the character of the local tectonic 
activity. In the young sedimentary sequence, one can observe the upper limit of tecto
nic effects proving that the main tectonic movements were completed before the end 
of the Sarmatian, although some post effects still existed. The other seismic lines 
(by the name Sze) are not yet completely interpreted. Their main task was to clear 
the inner structure of the basement. An aeromagnetic survey was carried out by the 
Bulgarian Aerogeophysical Survey on a known geomagnetic anomaly in order to 

; make proper model computations possible. The anomaly map, together with the 
computed target body is presented in Fig. 24. The geological interpretation supposes 
a Palaeozoic subvolcanic body, of chemical composition near to gabbro. A drilling 
was located on the anomaly in 1988.

To study the structure of the Darnó zone, a reflection seismic profile was shot 
in the Valley of the Szuha brook (Fig. 25). A portion of the time section is presented 
in Fig. 26. There are signs of lateral movements (wrench faults), not just along one
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single line, but several. Therefore we have to suppose that the Darnó line can be re
garded as a wide zone of several wrench faults.

The NW foreground of the Bükk Mts was studied by different methods in the 
70’s (e. g. see the DÓR refraction network). In 1987 they were supplemented by a 
geoelectric survey. The contour map of the basement was constructed from all for
mer and present data (Fig. 27). The foredeeps of the Darnó zone are prospective for 
Miocene brown coal. The seismic reflection and geoelectric surveys carried out 
with the aim of preparing a drilling project, are illustrated by the location map of 
Fig. 28. Seismic reflection time section Ló-1 (Fig. 29) shows the depression in front 
of the Darnó line, the faulted terraces and the outstanding reflections from the 
Lower- and Middle Miocene coal-bearing formations. Future boreholes can settle 
the problem of the possible mineral wealth of the area.

As part of the overall tectonic study of Hungary, the Diósjenö dislocation zone 
was reinterpreted. (The references and the reference list are to be found in the Hunga
rian text.) On the geomagnetic (AZ) map of Hungary the most striking linear anomaly 
is to be observed in Northern Hungary, east of the Börzsöny Mts. It comprises two 
branches, both of which can be connected with steep-dipping bodies within the 
crystalline basement. In Hungarian tectonic and geologic maps of the pre-Tertiary 
basement the boundary between the Permian-Mesozoic sediments of the Transdanu- 
bian Central Range and the crystalline formations of the Veporides was located along 
the southern rim of the magnetic anomalies. We have found the expression of the 
body also in the gravity field and supposed this body to be in connection with a 
steeply dipping dislocation zone along the boundary of two major tectonic units 
with both sedimentary and magmatic rocks in the zone. The continuation of this 
zone was assumed in the Rába line towards the west and in the Roznava line towards 
the east. Both the northern and southern sides of this zone consist of different tectonic 
units (Fig. 30). The Rába line can be regarded as a sinistral strike slip of Oligocene 
age which arose due to the pressing out of the Bakony unit from the Alpine realm 
[ K Á Z M É R - K o v á c s  1985]. The offset along the line ceases in an eastern direction 
because of its gradual diffusion in the internal deformation of the West Carpathians 
and relocation into the Magúra zone [Balla 1988b]. The Roznava (Rozsnyó) line is 
usually regarded as a young fault which follows an ancient north-dipping subduction 
suture. The present north-vergent overthrust structure seems to reflect later near- 
surface inflection of the plane (Fig. 31). On the basis of the present structural pattern 
dextral shear of the Gemericum, and, consequently, dextral strike slips along both 
branches of the Diósjenö' magnetic anomaly (Fig. 32) can be assumed. Revision of 
drilling data from the pre-Tertiary formations (Fig. 33) allowed us to conclude that 
on Hungarian territory inside the magnetic bodies low-grade metamorphic rocks, 
partly mafic metavolcanites, were only penetrated which can be equivalents of rocks 
of the Meliata and/or the Gemeric units. In the wedge between these bodies high- 
grade metamorphic rocks with low-grade overprint were found which can be correla
ted not only with Veporic but also with Gemeric rocks. Thus, drilling data do not 
contradict the conclusions above.

Based on the picture outlined and on the results of the analysis of the data on 
Middle Transdanubia we have constructed a new sketch of the tectonic subdivision 
of the Transdanubian and North Hungarian Ranges and of the Inner West Carpathi
ans (Fig. 34). This suggests two questions which must be solved: (i) when and in 
which kinematic situation did the dextral strike slips (assumed in the present work) 
take place and (ii) how can one realize the situation in which the Veporic and Gemeric
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units (from the north) and the Bakony and Buda units (from the south) came into 
contact along the Hurbanovo (Ógyalla)-Diósjenő zone west of the same Silica-Biikk 
unit.

Working on a contract with the National Oil and Gas Trust of Hungary, we 
continued to carry out seismic surveys with the aim o f oil exploration. Here, we present 
the results of the 1986 survey in the Nyir region (NE Hungary). The seismic network 
is illustrated on the time contour map of the pre-Pannonian sediments (mainly 
volcano-sedimentary complex of Miocene-age, Fig. 35). There are very few borehole 
information on the area, therefore geological interpretation is based on seismic 
stratigraphy. By seismic character we can differentiate between the Upper Pannonian 
of lacoustrine-marsh-terrestrial, the Lower Pannonian with alternating deltaic and 
shallow- to medium depth marine environment, and the volcano-sedimentary complex 
of Sarmatian or older Miocene age. The novel results—compared to former seismic 
profiles—are the possibility to delineate the massive volcanic bodies below the vol
canic tuff and—in connection with this—finding proofs for volcanic activity in the 
Pannonian. Figure 36 presents a migrated time section crossing this Pannonian vol
canic body, which penetrates into the characteristic Lower Pannonian sediments 
and causes fractures even in the Upper Pannonian. The basement of the Tertiary 
basin is rather ambiguous. In some of the profiles (Fig. 37), near to the eruptive 
body, a deep sedimentary basin seems to appear with quite different stratigraphic 
and structural features, probably in connection with lateral dislocation along wrench 
faults. The quality of the seismic material allows decisions to be made on further oil 
exploration in the area.

From the exploration tasks in water- and engineering geophysics, we present 
the results obtained in exploring the alluvium of the rivers Mura and Kerka. Four 
sequences were separated: the Holocene cover with a thickness, varying in the range 
of 2-15 m (Fig. 38), the Pleistocene gravel terrace (Fig. 39), the Upper Pannonian 
consisting of many thin layers of sand with alternating grain size, appearing as one 
uniform geoelectric layer of 25-40 Qm resistivity, and a higher resistivity deep layer 
appearing only in a zone, marking a porosity increase inbetween the Upper Panno
nian. All these are illustrated in the geoelectric cross section of Fig. 40. Based on the 
results, a proposal for two wells was presented to the water authorities. From the 
well logs (Fig. 41 and 42), one can see the sand layers below 100 m, which cause the 
higher apparent resistivity in the geoelectric measurements. It should be noted, 
however, that when assessing the water potentials of the area, the thick sand layers 
of greater depth (up till 300 m) should also be considered.

The possibilities of applying the engineering geophysical sounding method are 
ever increasing. Using it in an area of open-pit lignite mining, produced a contour 
map of the surface of the lignite (Fig. 44). The basis for identifying the lignite was 
provided by tests carried out at a borehole (Fig. 43). It is a regular problem with 
open-pit mining that the spoil heap becomes unstable. With the engineering geophysi
cal sounding method we could investigate its stratification, structure, compactness 
and rock composition (Fig. 45). The basement of the spoil heap was easily deter
mined from the sudden increase of the pressure parameters. Another problem of open- 
pit mining is the stability of the high wall. For production planning we have to know 
the rock mechanical parameters of the overburden. For this purpose we carried out 
a survey in the Thorez Colliery. In Fig. 46 the gamma-ray curve shows the presence 
of a very high activity, plastic clay layer with practically no load-bearing capacity.

In Budapest, on the slopes of the Buda hills, cavities of hydrothermal origin in
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the karstic limestone cause problems to construction works. Both foundations and 
public utilities demand a 10 m investigation depth. The area, where ELGI was 
called upon to try to solve the problems, is partly residential therefore conventional 
geoelectric and seismic methods could not be used. We chose electromagnetic methods 
with the VLF and the EM-31 (Geonics) instrument. The area is illustrated in Fig. 47. 
On the detailed map of Fig. 48/a the existing constructions are marked, because 
they can produce much higher intensity anomalies than geological structural elements. 
The parameter maps (Fig. 48/Ь, c and d) show—beside the high intensity anomalies 
of limited extension, corresponding to man-made structures—a low-resistivity zone 
of north-south direction, which is in connection with a fault. This was proved by a 
borehole.

The geoelectric methods were also used for exploration of building materials. 
In Transdanubia (Csorna-Beled) near-surface clays in sandy environment were 
explored for brick factories. A thickness map of the clay was constructed from vertical 
electric soundings (Fig. 49). After compiling this map, 10 boreholes were drilled on 
VES points (correlation of drilling and VES data are illustrated in Fig. 50). As an 
example, the lithologic column and the geoelectric parameters of one such borehole 
are presented in Fig. 51. As a result of our survey, an assessment of reserves was 
computed and found 5 million m3 high-quality clays, and 0.4 million m3 of lower 
quality. For qualifying the building materials additional IP measurements would 
provide useful information.
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