
Introduction

Between 1996 and 2003 a considerable amount of geo-
physical work took place at the Bátaapáti (Üveghuta) Site
and in its vicinity within the exploration related to the
planned disposal of low- and intermediate-level radioac-
tive waste. A variety of survey objectives and the geologi-
cal model required the application of many kinds of meth-
ods. In some cases even new procedures, (previously not
applied in Hungary) were used. This was because a set of
methods which can routinely be applied to geophysical
mapping of similar models has still not been developed. In
addition to using the geophysical results in the present ex-
ploration the acquired volume of data should serve as an
information source in the future as well. Further data can-
not be obtained any more due to the distortion effects
caused by the construction of further investigation facili-
ties (galleries), the building of infrastructure (roads, power
lines), and the putting into operation of the repository.
After finishing the measurements, and partly simultane-
ously with them, an integrated interpretation of geophysi-
cal data was initiated. Its objective was to summarise the
geophysical information that can be used in the construc-

tion of a geological model. As part of the work the geo-
physical model was finalised (VÉRTESY et al. 2003a).
Those sections and maps were constructed that present a
geophysical model which is free of contradictions. It is re-
garded as an important result that a geophysical data set
was compiled; this contains measurement data acquired
during the ground-based geological surveys and presented
in a structured form, and also documentation of the results
obtained by processing the data.

In the geology of the research area rocks of the Mórágy
Granite Formation (KIRÁLY, KOROKNAI 2004) and the over-
lying unconsolidated sediments (MARSI et al. 2004) are
significantly different in character. Consequently, their
geophysical investigation necessitated different sets of
methods. In the investigation of the sedimentary sequence
geoelectric, electromagnetic, multielectrode (electrical
imaging) and geomagnetic methods were used. Cone pen-
etration tests combined with an electric channel (CPTe)
were also employed. In the study of the granite body mag-
netotelluric sounding, 3D seismic first break tomography
and complex geoelectric fracture exploration were applied.
In what follows these methods and their results are present-
ed. Delineation of the granite body based on archives of the
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Abstract

A significant ground-based geophysical survey activity was carried outat the Bátaapáti (Üveghuta) Site and in its vicinity. The spatial homogene-
ity of the granite body was investigated by means of a seismic and magnetotelluric survey in the vicinity of the Site. Fractures were investigated with
complex electromagnetic and magnetic surveys in the valley bottoms. The fracture zone which was expected to be the most significant was surveyed
with a series of electromagnetic and direct current resistivity profiles. The granite’s surface was mapped with electromagnetic soundings completed
with direct current soundings and multielectrode profiling (electrical imaging). Possible neotectonic events were searched for with tracing the mag-
netic horizons connected with palaeosols and the application of cone penetration tests (CPTe). Re-processing of the region’s archived geophysical
data was performed in order to delineate the Mórágy Block and to determine more accurately the major structural lines in the wider vicinity.



study data of the major structural lines in the region includ-
ing the Site are discussed in detail.

Electromagnetic 
and geoelectric soundings

In the research area young Quaternary sediments with a
maximum thickness of 50-60 m cover the granite. To map
the granite’s surface geoelectric (VES) and transient elec-
tromagnetic soundings (TEM) were performed (SŐRÉS

2003a, b). A transient survey was carried out with a Pro-
tem–37–47 (Geonics) and VES measurements with a
Syscal Junior R72 (IRIS) instrument. At the same time the
data proved to be suitable for dividing the young sedi-
ments. In the central area the measurements were carried
out in a 50×50 m regular grid, and outside it in a 200×200
m quasi-regular grid. In those areas where the thickness of
the young sediments exceeds 10-15 m, the transient elec-
tromagnetic soundings (and — where the cover is thinner
— the direct current soundings) provided good results.
Data of both methods were processed with 1D Marquardt
inversion. In the course of this a theoretical sequence of
layers was determined. The calculated reply sounding
curve of the sequence behaved similarly to the curve of
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Figure 1. The geoelectric model 
1 — geoelectric layers separated by ground-based geoelectric survey, 2 — well-log
zones (A–E sedimentological units and G I geotechnical unit after ZILAHI-SEBESS

et al. 2000a, b, SZONGOTH et al. 2003), 3 — resistivity log (red) and estimated 
interval resistivity curve (blue) 

1. ábra. Geoelektromos modell 
1 — a felszíni geoelektromos mérések alapján elkülöníthető geoelektromos
rétegek, 2 — mélyfúrás-geofizikai zónabeosztás (A–E szedimentológiai
egységek és G I geotechnikai egység: ZILAHI-SEBESS et al. 2000a, b, SZONGOTH

et al. 2003), 3 — mélyfúrás-geofizikai ellenállásgörbe (piros) és a becsült 
intervallumellenállás-görbe (kék)

Figure 2. Relief map of the granite and the geoelectric layer 2 
1 — area free of low-resistive sequence, 2 — granite partially covered with alluvial sediments (after BALLA et al. 2003), 3 — measurement point used for map com-

pilation, 4 — borehole, 5 — site contour. Altitude — m asl 

2. ábra. A gránit és a 2-es geoelektromos réteg felszínének domborzati térképe 
1 — kisellenállású összlettől mentes terület, 2 — gránit, részben völgykitöltő üledékekkel fedetten (BALLA et al. 2003), 3 — térkép-szerkesztéshez felhasznált mérési 

pont, 4 — fúrás, 5 — telephely. Magasságok — m Bf 



field measurements performed over the real sequence of
layers. The theoretical sequence of layers is based on the
geoelectric model that was constructed using a joint statis-
tical analysis of well-log data along with the results of a
ground-based geophysical survey performed in the vicini-
ty of boreholes (Figure 1). This model could be extended to
the whole research area. In it the resistivity well-logs of
variable shape were replaced by three major layers on the
basis of interval resistivities.

General characteristics of the geology of the area are:
— the resistivity of the granite (G I, Figure 1) is signifi-

cantly higher than that of the overburden and granite can be
considered as a geoelectric basement,

— the resistivity of the covering sequence decreases
with increasing depth,

— this decreasing trend can be divided into two major
intervals (marked with 1 and 2) and within each of them
there are two further intervals (marked with a and b).

From the data of the ground-based exploration the
three-fold (layers marked with 1, 2 and 3) division could
consistently be deduced. Based on the comparison with
well-logging and geological divisions layer 1 can be identi-
fied as the Young Loess Sequence within the Paks Loess
Formation, and layer 2 with the Old Loess Sequence
(MARSI et al. 2004). The layer 3 is the granite’s upper zone
(G I — ZILAHI-SEBESS et al. 2000a).

Processing took place with consistent application of the
above-mentioned integrated geoelectric model. The area
was described by changing the model parameters from point
to point. At first, with the help of the parametric soundings
carried out at the boreholes, the resistivities of the layer
model were fixed at the most points possible. Then, the ex-

pectable values were determined with interpolation in the
space between the boreholes. Using these as initial values
the parameters best fitting to the measurements was looked
for with Marquardt inversion. Finally, maps of the following
were constructed: altitude of the geoelectric basement above
the sea level (granite surface; Figure 2, B), the overburden
thickness, the boundary between geoelectric layers 1 and 2
— i.e. of the altitude of the surface of layer 2 (loess surface)
above the sea level (Figure 2, A).

The observation material based on the presented model
is considered suitable for further investigation of the granite
surface and the overlying sedimentary sequence. Addition
of new geophysical, drilling and other geological data can
improve the reliability and resolution of the results. It is ad-
visable to study whether the results achieved in dividing the
sedimentary cover can directly be built in the hydrogeologi-
cal model.

Multielectrode resistivity survey

Experience gained in 2002 showed that the density of
the applied geoelectric (VES and TEM) grid is not suitable
for division of the overlying sediments and for determina-
tion of the exposition line of the geoelectric horizon on the
hillsides. This data system was completed near to the val-
ley bottoms with a multielectrode resistivity (electrical im-
aging) survey along profiles starting from the valley bot-
tom and running perpendicularly to the slope (MADARASI

2003b). This method, in contrast with the soundings suit-
able for vertical division of the investigated half-space, can
rather be used to investigate variability in a horizontal di-
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Figure 3. 2D inversion along profile B2 
Black line = geoelectric boundary by multielectrode methods, red dotted line = granite surface obtained from transient EM and VES survey, 1 — geoelectric layer

1, 2 — geoelectric layer 2, G = granite, green triangle = ending of geoelectric layer 1, blue triangle = ending of geoelectric layer 2 

3. ábra. 2D inverzió a B2 vonalon 
Fekete vonal = geoelektromos határ sokelektródás mérés alapján, piros pontozott vonal = a gránit felszíne a tranziens és VESZ mérésekből, 1 — 1. geoelektromos 
réteg, 2 — 2. geoelektromos réteg, G = gránit, zöld háromszög = az 1. geoelektromos réteg elvégződése, kék háromszög = a 2. geoelektromos réteg elvégződése 



rection. In a multielectrode resistivity survey many elec-
trodes are deployed along a line with equal separation; the
electrodes are connected to the measuring instrument with
a cable and then measurements corresponding to the elec-
trode arrays are performed. For this purpose a Syscal
Junior R72 instrument was used that is capable of switch-
ing on 72 electrodes. In the course of processing the resis-
tivity distribution which could describe the observation
results was looked for by means of a 2D inversion.

As an example, profile B2 — measured in a smaller val-
ley west of the northern part of the central range — is pre-
sented (Figure 3). The high-resistivity granite is overlaid by
low-resistivity sediments (geoelectric layer 2), and these

are covered by a loess sequence of higher resistivity (geo-
electric layer 1). At the right side of the section it can be ob-
served that the re-deposited part of this latter formation
covers the underlying one on the steep slope. The shape of
the granite surface offers the possibility that the valley is
tectonically preformed, but measurements along profiles
B1 and B3 do not support this.

Figure 4 shows the location of the profiles and the points
of wedging out obtained from the interpretation.

In the interpretation of the multielectrode resistivity
survey the geoelectric model determined on the basis of
soundings was used. These results confirmed and detailed
the image of the relief of the granite obtained from the
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Figure 4. Location map of multielectrode survey 
1 — granite, 2 — geoelectric layer 1, black dot = borehole, violet line = profile of multielectrode survey with its code. Coordinates are in metres, topographic

contour line interval is 5 m

4. ábra. Sokelektródás mérések áttekintő térképe 
1 — gránit, 2 — az 1. geoelektromos réteg, fekete pont = fúrás, lila vonal = sokelektródás szelvény, a jelével. Koordináták méterben, szintvonalak 5 m-ként



transient electromagnetic survey. The red colour in the re-
sistivity distribution determined with the multielectrode
resistivity survey. This represents the values over 100 Ωm
that are characteristic of the granite which runs close to
the granite surface marked with a dashed line constructed
on the basis of soundings. Along the profiles the wedging
out points of the geoelectric horizons were determined.

Geomagnetic survey

The preliminary reconnaissance geomagnetic survey
performed in the area (KOVÁCSVÖLGYI 1997) called attention
to the fact that the interesting phenomena that the values
measured in the valleys are systematically lower than those
observed along the ridge lines of hills. From this and from
the data of susceptibility logs obtained in boreholes the con-
clusion was drawn that granite can be separated from the
sediments based on its magnetic properties. (The granite
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Figure 5. Geomagnetic anomalies observed along profiles (after SZABÓ 2003)
Red = positive anomaly, blue = negative anomaly, green lines = geomagnetic horizons, dashed line = uncertain correlation, thin lines = topographic contour lines,
black numbers in frame = profiles referenced in text, S1 and violet dashed line = assumed structural lineament, Q = anomalous area, thick green line = Profile
P–22, orange spots = intersection of geomagnetic levels with the Profile P–22, red crossed circles = boreholes. Coordinates are in metres, topographic contour 

line interval is 25 m

5. ábra. A szelvények mentén észlelt mágneses anomáliák SZABÓ (2003) nyomán 
Piros szín = pozitív, kék szín = negatív anomália, zöld vonalak — mágneses szintek, szaggatott vonal = bizonytalan kijelölés, vékony vonalak = domborzati szintvo-
nalak, feketével írt bekeretezett számok = a szövegben említett szelvények, S1 és lila szaggatott vonal = feltételezett szerkezeti vonal, Q pont = anomális terület,
vastag zöld vonal = a P–22 szelvény nyomvonala, narancs pöttyök = a mágneses szintek metszéspontjai a P–22 szelvénnyel, piros körök kereszttel = fúrás a jelével. 

Koordináták méterben, szintvonalak 25 m-ként



builds up the basement and in the valleys it can be found near
the surface, in some places in outcrops.) The rather narrow
range (±27 nT) of the observed anomalies, their variability
and connection with the topography, and the information de-
rived from well-logging data show that the susceptibility of
palaeosols exceeds on average by 5×10–4 SI units the suscep-
tibility of the host loess layers. This suggests that, beside the
regional pattern caused by the granite, it is primarily mag-
netic sources within the sediments that should be assumed.
Based on these phenomena, and on the geological model of
the sedimentary sequence (which shows a sandwich-like vari-
ability of palaeosols and loess), the conclusion was drawn
that with the help of a geomagnetic survey (along profiles
perpendicular to the hill ridges) an attempt can be made to
detect the exposition of the palaeosols with a higher suscep-
tibility. In the case of an adequately dense profile network a
data set suitable for drawing neotectonic conclusions can be
obtained.

In the central, about 4 km2 part of the area a network of
profiles was formed (KOVÁCS 2003). Measurements along
the profiles were carried out with a station spacing of 5 m
and with Overhauser, and traditional proton precession
magnetometers. On the one hand anomalies were plotted
along profiles, and on the other hand, by compiling a uni-
form data system with the data of preliminary measure-
ments the area’s geomagnetic map was also constructed. It
can be seen on the map (Figure 4 in KOVÁCS 2003) that on the
northern side of the topographic ranges there are negative

anomalies, while on the southern side positive ones appear.
These can be interpreted as the dipole effect of the thin
palaeosol layers within the sedimentary sequence.

Several factors influence the reliability of the marking of
the anomaly peaks. (i) Measurements were carried out almost
on the surface of the magnetic source, and going downwards
on the slope a part of the sources gradually gets above the ob-
servation point. All these determine the interpretation of the
anomalies. (ii) The thickness of the palaeosol layers is mostly
1-2 m, and their separation from each other falls into the few
metres interval. Consequently, the effects of the individual
layers are superimposed and the magnetic peaks expectable at
the tops more or less coincide. (iii) As a consequence of re-
deposition along the slope or landslide the palaeosol outcrops
smudge on the slope; these could also cause overlapping of
anomalies. (iv) The integrating character of the method and
the 5 m station spacing limit the resolution of the geomagnetic
survey.

The geomagnetic contour line map constructed on the
basis of these measurements was interpreted taking into ac-
count the above points.

To determine the magnetic horizons the anomalies ob-
served along the profile are plotted on a topographic map
(Figure 5). It was taken into account in the determination of
the magnetic horizons that from magnetic point of view sed-
iments behave as dipoles — i.e. they cause positive anom-
alies on the southern hillsides, while negative ones on the
northern side. It follows from this that on the southern sides
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Figure 6. Geomagnetic study of Profile P–22 
a — correlation between the magnetic horizons located on different sides of the hill along the Profile P–22 using the susceptibility log (green curve) recorded in
Borehole Üh–22, b — identification between the magnetic horizons and well-log zones labelled with capital letters. It was assumed that the zones (see Figure 1)

were deposited parallel with the surface of the granite. Red dots with black code = magnetic horizons with code. For location, see Figure 5 

6. ábra. A P–22 szelvény mágneses vizsgálata 
a — a P–22 szelvény mentén a domb két oldalán kijelölt mágneses szintek egymásközti korrelációja az Üh–22 fúrásban mért szuszceptibilitás szelvény (zöld görbe)
felhasználásával, b — a betűvel jelölt mélyfúrás-geofizikai zónák (l. az 1. ábrán) és a mágneses szintek egymással történő azonosítása azzal a feltételezéssel, hogy 

a szintek a gránit felszínével párhuzamosan települtek, Piros pontok fekete azonosítóval = mágneses szintek azonosító jellel. Helyzetét l. az 5. ábrán 



the positive, while on the northern ones the negative anom-
aly peaks should be marked out. According to the geological
information obtained from the boreholes the dip angle of the
layers in the sedimentary sequence is low. Taking this into
account an attempt was made to consider the contour lines of
the relief, and — where possible — the shape of the anom-
alies in the correlation between the profiles as well. The
marking out of magnetic horizons proved to be easier on the
steeper hillsides, while in the areas with landslides, espe-
cially in the northeastern part of the area, it was much more
difficult, even impossible in some places. The magnetic
horizons obtained as the result are presented in Figure 5.

After marking out the magnetic horizons an attempt was
made to connect the individual horizons to zones deter-
mined from well logging. An example is shown in Figure 6.

Layers of palaeosol correlated in this way are quiet in a
large part of the area and show only a low-angle dip. There
are, however, three phenomena to which the attention is
called. The first is that, according to the shape of anomalies,
there is an approximately 15 m level difference between the
profiles 42 and 43. This suggests a possible structural move-
ment between these two profiles (Figure 5, line S1).

The second is that the southern part of profiles 7 and 8 dif-
fers from its surrounding area (Figure 5, point Q) where the
positive–negative anomaly transition presents itself at a level
about 20 m higher than in the neighbouring profiles 5 and 51.

The third is that the correlation between profiles 52 and
60 can be solved only with difficulties; this maybe due to a
structural line running between these two profiles. The
north-eastern branch of the Mészkemence Valley can be
found between these two profiles as well.

Marking out of magnetic horizons is, of course, uncer-
tain in many places due to the method’s limitations and the
missing of horizons may happen in correlation between the
profiles.

Cone penetration tests (CPTe)

Based on the reflection seismic survey which was car-
ried out in the central part of the area (PRÓNAY et al. 2003)
the possible existence of a fracture was suggested. This
fracture cuts through the granite’s cover as well; thus, due
to its young age, it plays a decisive role in the evaluation of
the area that otherwise seems to be suitable. To check this
warning modified (combined with a resistivity channel)
cone penetration tests (CPTe) took place in the critical part
of the profile with small station spacing (FEJES 2003). The
tests carried out earlier in the region (Elgoscar, Geopard
1997) were promising both with respect to their average
depth and the characteristic changes traceable along the
profile.
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Figure 7. Complex parameter section of the cone penetration test (CPTe) measurements (VÉRTESY et al. 2003b)
VIZT = water content, TFS = bulk density, T–G = natural gamma activity, CSNY = cone pressure. 1 — boundary of the well-log zone (see Figure 1), 2 — well-log 

zone, 3 — palaeosol layer with its code (zone of increased density compared to surroundings, after SZONGOTH et al. 2003)

7. ábra. A mérnökgeofizikai szondázások összesített paraméterszelvénye (VÉRTESY et al. 2003b) 
VIZT = víztartalom, TFS =  halmazsűrűség, T–G =  természetes gamma-aktivitás, CSNY =  csúcsnyomás. 1 — mélyfúrás-geofizikai zóna határa (l. az 1. ábrán),

2 — mélyfúrás-geofizikai zóna, 3 — paleotalajszint és sorszáma (környezeténél magasabb sűrűségű zóna SZONGOTH et al. 2003 szerint)



Along the 400 m long profile consisting of the 14 cone
penetration tests the spacing was 50 m at the edges and 25
m in the middle part. The average depth reached was 25 m.
During the measurements the cone pressure, the natural
gamma activity, the bulk density, the pore volume of water,
and — for the first time in the practice of cone penetration
tests and here at each point — the electric resistivity were
recorded. Application of this method determining in situ
parameters with the array described above can be consid-
ered as the most accurate geophysical method for investi-
gation of neotectonic elements. Elgoscar 2000 Ltd. per-
formed the fieldwork.

The most important finding is that in the investigated
section of the profile (down to the investigation depth) there
is no fracture whose slip is larger than the accuracy of the in-
vestigation procedure (i.e. about 50 cm). (Error in depth
measurement is taken at 10 cm. This is equal to the depth in-
terval of sampling. In this procedure the error in marking out
the minima, maxima and places of changes is added; this is
considered to be 20-20 cm both upward and downward.
These are altogether 50 cm.)

In addition to the combined plotting of the four meas-
ured parameters the most important elements that can be
correlated are also shown in the united parameter section
(Figure 7). The line network of the traceable elements
forms a parallel system. Although it contains curved parts,
there are no signs of breaks which might suggest vertical
displacement.

Cone penetration tests were carried out at the boreholes
(Üh–3, Üh–5) in the vicinity of the profile as well. The pene-
trated sequence was divided using the geological core logs,
geophysical well logs and their interpretation — i.e. sedi-
mentological zonality and the marking out of calcareous
concretion layers in palaeosols (SZONGOTH et al. 2003). The
two sharpest boundaries are at depths of about 15 and 24 m
(+270 and +260 m asl) respectively. The first one is the
boundary between the sequences marked A1 and A2, and the
second one is between A2 and B (see Figure 7). In A2 numer-
ous internal boundaries can be recognised in connection
with three palaeosol layers (2, 3 and 4) that are present there.
In A1 there are far fewer elements that can be followed, but
the soil layer marked –1 can be followed over a fairly long
distance based on the fact that its bulk density is higher than
that of its surroundings. In general, it can be said that the lay-
ers of calcareous concretions that can be identified on the
basis of on the cone pressure maxima are located between
the palaeosol layers (having densities higher than in their
vicinity), or above soil layer 2. The sequence marked B can-
not be divided, given the on available data.

Complex geophysical survey 
at the valley bottoms

To investigate the homogeneity of the granite body
complex geophysical profiling was performed close to the
bottom line of the valleys surrounding the Site (GULYÁS

2003). The basic objective of the surveying was to detect
the possible loose zones. In certain sections of the Éva
Valley and of the Mészkemence Valley, over the granite oc-
curring in outcrops or where the cover was only a few me-
tres of sediments, measurements were carried out for a total
length of 2800 m in a slightly modified method. Along the
axis of the valleys measurements were executed with a sta-
tion spacing of 5-10 m. In a 400 m-long section, which con-
tains anomalies, measurements were carried out on the hill-
side as well, beside the profile running at the valley bottom,
and parallel with it. Based on the anomalies, which can be
correlated on the parallel profiles, strike directions were de-
termined. To investigate the chosen profiles, electromag-
netic (EM) methods and geomagnetic survey were applied
ensuring three different investigation depths and features
(EM–31, Slingram EM, VLF). In the EM–31 and Slingram
EM methods the electric and magnetic components of the
electromagnetic field (generated in the soil and rocks by
their own nearby source — i.e. about 10 kHz) were meas-
ured in different directions. In the VLF (very low frequency
radio wave) method, those of a remote about 15-25 kHz
source were observed. Based on these observations an
image of the resistivity distribution in the investigated half-
space, i.e. of its homogeneity could be created. In the
course of the geomagnetic survey, a natural magnetic field
of rocks was observed and bodies with veins having a mag-
netic susceptibility significantly different from that of their
vicinity were looked for.

Studying the data it was found that, based on the changes
in different parameters along the profile, the investigated
valley sections are not homogeneous from a geoelectric
viewpoint. The granite body can be divided into (several
times 10-100 m wide) parts — that is, blocks of different av-
erage resistivity and average variability. This image is simi-
lar to that which can be seen in the well logs of boreholes.
VLF and EM–31 survey provided the most important infor-
mation from the viewpoint of the set objective. Based on the
resistivity image — within this primarily on that of the VLF
which ensured the deepest penetration — units and blocks
were separated.

First of all, based on the VLF magnetic parameter
(Hz/Hj), further anomalous zones were marked out given
that they were interpreted as block boundaries, in some
cases as fracture zones (Figure 8).

Fortunately, the trenching performed at the valley bot-
toms validated the results of this method. At the place of the
characteristic anomalies in the geophysical section of Figure
8 a significant fracture zone has been described in Trench
A1 (GYALOG et al. 2003). In the lower part of Figure 8 the ge-
ological image of fracture zone A1/7 is presented by exag-
gregating the anomalous zone. Any characteristic anomaly
which could have suggested a significant fracture zone simi-
lar to that insection A1/7 could not be detected in other pro-
file sections in the Éva Valley nor in the Mészkemence
Valley. 

In profiles of the Éva Valley more characteristic, definite
anomalies can be marked out, based on both resistivity and
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VLF magnetic surveys. However, no characteristic VLF
magnetic anomalies were detected in the Mészkemence Val-
ley, especially in its central and southern parts.

From a magnetic point of view only a few and only low-
amplitude anomalies appeared that can be due to natural
sources. Thus the investigated sections proved to be fairly
homogeneous from a magnetic point of view.

The measurement data were in harmony with the inho-
mogeneous character of the granite and the larger fractures

presented themselves in the survey data. Block boundaries
and fractures detected in the granite at the valley bottoms
cannot be extended to the whole area due to the lack of meas-
urements with a similar resolution. A data system of similar
resolution can be obtained from the boreholes and from in-
vestigations along the planned tunnel.

Magnetotelluric survey

The objective of the magnetotelluric survey was to pro-
vide data and information on the internal structure of the
granite body. With this method the homogeneity and spatial
distribution of the resistivity of the granite body can be de-
termined. The measurements were carried out with the high-
frequency instrument Stratagem EH4 at every fourth point
of the transient survey’s 50×50 m grid (see earlier), with a
density of 100×100 m (MADARASI 2003a).

In the magnetotelluric survey, electromagnetic compo-
nents originating in the ionosphere were measured with or-
thogonal electric and magnetic dipoles. From these the
magnetotelluric impedance tensor can be determined for
different frequencies. The lower is this frequency, the
deeper is the penetration. The frequency range of the meas-
urements was 10–10,000 Hz; that allows an investigation
with a depth interval of 25–400 m.

As the measurement is tensorial, two orthogonal sound-
ing curves were obtained. In a one-dimensional, isotropic
case, when the resistivity is a function of depth alone, the
two sounding curves are identical. The effect of the rugged
surface of the young, lower resistivity sequences overlying
the smooth surface of the high-resistivity granite was stud-
ied with computer modelling (topographic effect). It was
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Figure 8. Geological and geophysical section of fracture zone A1/7 in
the Éva Valley as demonstrated by the complex geophysical survey 
In the geophysical section (in the upper part of the figure) the zone marked
with a thick red line corresponds to the certain fragment of the geological
section (in the lower part of the figure) after GYALOG et al. (2003). In the
geophysical section: 1 — Fraser filtered VLF(DHO) Hz/Hϕ, 2 — Fraser fil-
tered VLF(ICV) Hz/Hϕ, 3 — VLF(DHO) Hz/Hϕ, 4 — VLF(ICV) Hz/Hϕ, 5 —
ρVLF(ICV), 6 — ρSLINGRAMEM, 7 — ρEM31, 8 — geophysical indication of a fracture
zone. In the geological section: 9 — fracture zone (bedrock: monzogranit), 10
— fault gouge, 11 — slope sediment, 12 — brown forest soil, x = mixed rock 

from trench, deep trench fringe. Vertical scale interval is 1 m

8. ábra. Az Éva-völgyi A1/7 törészóna földtani és geofizikai szelvénye
völgytalpi komplex mérések alapján 

A geofizikai szelvényen (az ábra felső részén) vastag piros vonallal jelölt sza-
kasz megfelel a földtani szelvény (az ábra alsó részén) meghatározott piros
szakaszának. A földtani szelvény forrása: GYALOG et al. (2003). Geofizikai
szelvény: 1 — Fraser-szűrt VLF(DHO)Hz/Hϕ, 2 — Fraser-szűrt VLF(ICV)Hz/Hϕ,
3 — VLF(DHO)Hz/Hϕ, 4 — VLF(ICV)Hz/Hϕ, 5 — ρVLF(ICV), 6 — ρSLINGRAMEM, 
7 — ρEM31, 8 — tektonikai zóna indikációja a geofizikai anyagban. Földtani
szelvény: 9 — zúzott, morzsolt öv (alapkőzet: monzogránit), 10 — vetőagyag, 11
— lejtőüledék, 12 — barna erdőtalaj, x = árokból kitermelt vegyes kőzetanyag,

mély árok pereme. A függőleges skálán egy osztás 1 m

Figure 9. Resistivity distribution along an east–west profile running 
through the Site 

Red line = granite surface obtained from transient EM survey, violet line = re-
sistivity log in logarithmic scale (value along borehole axis is 1000 Ωm, mod

ule is 30 m), colour scale = specific resistivity. For location, see Figure 10

9. ábra. Ellenállás-eloszlás a telephelyen átfutó K–Ny-i szelvényben
Piros vonal = tranziens mérésekből kapott gránitfelszín, lila görbe = mélyfúrás-
geofizikai ellenállásszelvény logaritmikus ábrázolása (a fúrások tengelye men-
tén az érték 1000 Ωm, modulus 30 m), színskála = fajlagos ellenállás. Helyét

l. a 10. ábrán



found that this has a stronger impact than that of the resistivi-
ty inhomogeneities which can be assumed to be inside the
granite on the basis of boreholes. In order to be able to carry
out an adequate topographic correction for a 2D inversion,
the profile line was chosen which considered the slope di-
rections of the present surface’s topography; this was along
its dip, and it ensured the two-dimensional character of the
model.

Figure 9 shows the result of the inversion performed
along one of the profiles in an east–west direction. The resis-
tivity values of the cells were interpolated in a 25×6 m grid.
The colour code fitting to the theoretical resolution power of
the method is approximately logarithmic.

The result of the two-dimensional inversion is also pre-
sented in the form of maps (Figure 10).

The resistivity of the granite varies between 200 and sev-
eral thousand Ωm. Going downwards it quickly reaches
1000 Ωm, in harmony with the well logging. An exception is
Borehole Üh–22 where the magnetotelluric resistivity is
lower over an about 80 m-long section than the value meas-
ured in the Borehole. Due to the resolution power of the
method the resistivity distribution is much more varied in
the region of the upper 100-150 m than in the parts below sea

level. The zones of decreased resistivity detected in the
boreholes do not present themselves in the magnetotelluric
sections, thus showing the limits of the method. Spatial vari-
ability in the image of electric resistivity distribution shows
the inhomohogeneity of the material of the granite body.

In the east–west section (Figure 9), in the line of
Boreholes Üh–28, Üh–3 and Üh–4, a maximum having a
characteristic shape appears and this is repeated in the sec-
tion south of it. This pattern does not continue to the north
and south of these two sections; the block’s boundary is ei-
ther parallel with the line of interpretation or forms an
acute angle with it.

This method — in spite of its limitations in resolution —
can be considered as a suitable method for studying the ho-
mogeneity of the granite.

This data system also makes 3D processing possible.

3D seismic velocity tomography

In 2002, in the frame of the exploration aiming at the dis-
posal of low- and intermediate-level radioactive waste, a 3D
first break velocity tomographic survey was performed in
the Bátaapáti region (HEGEDŰS 2003). The sensors (geo-
phones) were deployed with a spacing of 25 m in the central
part of the 1.2 km2 large survey area and with a spacing of
50 m in the outer parts, along lines running at a distance of
200 m from each other. Seismic signal generation by dyna-
mite in shotholes was carried out at 62 source points. 

The objective of 3D velocity tomography is to give an
image of the velocity distribution beneath the survey area as
a function of the three space coordinates. This is made with
the help of elastic waves generated by the signal source,
down to the penetration depth of the method and it makes it
possible to study the homogeneity of granite body.

The main points of processing can be summarised brie-
fly in the following way. In accordance with the geometry of
the measurement, the ray paths propagating along a way of
the shortest time are modelled between the shot point and
the observation point. In the measured data the first breaks
(i.e. arrival time of the first signal) are determined. Based on
the two data systems — applying adequate tomographic in-
version algorithms — the velocity distribution beneath the
survey area can be determined.

Four horizontal sections show the velocity field obtained
as a result of 3D tomography (Figure 11). The tomographic
velocity values extend in space the characteristic changes in
acoustic logs measured in the boreholes. The identified phe-
nomena can be considered traceable in space as well as in the
horizontal sections (slices) down to the method’s penetra-
tion depth.

Based on the results, a ridge striking NNW–SSE having
a velocity higher than its vicinity was identified. In its north-
ern part — based on the acoustic velocity values obtained in
the boreholes — the altered zone of the granite is thicker, or
the granite is more strongly fractured. Going downwards in
depth the local differences in velocity become indistinct. In
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Figure 10. Resistivity distribution at 0 m asl 
1 — borehole, 2 — magnetotelluric sounding point, 3 — assumed fracture, 4 —
trace line of the section in Figure 9. Coordinates are in metres, topographic 

contour line interval is 10 m, colour scale = specific resistivity

10. ábra. Ellenállás-eloszlás a 0 m Bf síkban 
1 — fúrás, 2 — magnetotellurikus szondázási pont, 3 — feltételezett törés, 4 — a
9. ábra szelvényének nyomvonala, Koordináták méterben, szintvonalak 

10 m-ként, színskála = fajlagos ellenállás
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Figure 11. Horizontal slices of the 3D velocity field 
11. ábra. A 3D sebességtér vízszintes metszetei 



the area SE of the line of boreholes Üh–4 and Üh–26 no
image was obtained in the slice +30 m asl — this could be
the consequence of velocity inversion.

In the vertical section (Figure 12) the three-fold division
of the rock body is remarkable (VÉRTESY et. al. 2003a). In
the sections marked with a yellow colour in the boreholes
the value of well-log acoustic velocity decreases. The
widening of the yellow marking is proportional to the de-
crease in velocity, i.e. to the deterioration of the rock quality.

Based on the velocity tomography three blocks can be
delineated. These are the following from the NNW:

The first block continues to Borehole Üh–23. It is char-
acterised by a zone of reduced velocity (weathered zone,
fractured granite) and is overlaid by a relatively thick granite
surface. Below this (at about 120 m asl) a homogeneous
granite body showing a relatively quiet velocity image can
be found. This is in accordance with the logs representing
the acoustic results in the boreholes.

In the second block south of Borehole Üh–23 — close to
the borehole’s axis — rapid changes in the velocity values
appearing in the whole section can be seen. It is likely that
this change images a tectonic zone or a block boundary. At
the SSE side of the block boundary the zone of reduced ve-
locity is significantly thinner in relation to the northern part;
the velocity — up to a point of the line between Üh–2 and
Üh–4 — further increases in the deeper region. Beyond the
3D imaged volume — at the bottom of borehole Üh–2 — the
acoustic log again shows a decrease in velocity.

The third block can be marked out south of the point
1120 m. The change in character can clearly be seen in the
acoustic logs of Boreholes Üh–4, Üh–5, Üh–26 as well. In
this part of the area granite is compact and has a high veloci-
ty. Beneath this a more strongly fractured region of reduced

velocity (that can be characterised with velocity inversion)
can be assumed. In the figure this block continues further to
the southernmost point of the section.

Fracture exploration 
with direct current 

and electromagnetic methods 

Trench A1 excavated in the Éva Valley in 2002 cut
through an approximately 10 m-wide, strongly fractured
granite, demonstrating a fracture zone (GYALOG et al.
2003, in Figure 13 marked with black line). As a working
hypothesis it turned out that this excavated zone is identi-
cal with the fracture zone detected in boreholes Üh–2 and
Üh–25 [at the time the measurements were made
Borehole Üh–36 — which also penetrated this zone
(BALLA et al. 2003) — did not exist]. To support check-
ing of the working hypothesis a ground-based electric
survey of an experimental nature was performed. The task
of the survey was to follow the fracture zone on the hill-
side. The methods included in the survey were the follow-
ing: Maxi-Probe electromagnetic tilt angle profiling, (ar-
tificial source tilt angle), transient electromagnetic
(TEM) profiling and multielectrode direct current profil-
ing (DETZKY et al. 2003).

In the fractured zone formed in the granite body, based
on the data of well-log and ground-based electromagnetic
measurements at the valley bottoms, lower electric resis-
tivity (10-20 Ωm) can be assumed than in the rock body
surrounding the zone (100-300Ωm). All the three methods
applied are based on the detection of this positive conduc-
tivity anomaly. Detection is made difficult by the fact that
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Figure 12. Vertical section of the 3D velocity field with acoustic velocity logs in boreholes along the line A–A’
Vertical axis = altitude [m asl], horizontal axis = distance [m]. For location, see Figure 11

12. ábra. A 3D sebességtér függőleges szelvénye az A–A’ vonal mentén
Függőleges tengely = magasság [m Bf], vízszintes tengely = távolság [m]. Helyzetét l. a 11. ábrán



the granite and the fracture zone within it are uncovered in
the vicinity of the trench. However, going westward the
thickness of the low-resistivity (15-60 Ωm) covering se-
quence reaches even several tens of m and these sediments
shield the changes in resistivity within the basement.
Measurements in the case of all three methods were carried
out in the area between the exposition of the fracture zone
in the trench and Borehole Üh–2 — primarily along N–S
profiles approximately perpendicular to the assumed strike
direction.

Based on the anomalous sections of the individual meth-
ods, lines of two possible fracture zones were determined
(Figure 13). In the figure the place of the tectonic zone
(marked A1/7) discovered in the trench is shown, together
with its strike measured in the trench. It can be said that the
southern fracture zone can be correlated with the place ob-
tained from the geophysical survey in the trench (from the
complex geophysical survey carried out at the valley bot-

tom) and from trenching. The strike direction determined in
the trench slightly deviates southward from the direction
that can be guessed from a ground-based geophysical sur-
vey.

Regional survey

Geological surveys performed in the surroundings of
Bátaapáti extended to a geological and tectonic investiga-
tion of the larger vicinity of the region. To understand more
accurately the major structural features in the wider vicinity
of the Bátaapáti (Üveghuta) Site, i.e. in the region, re-pro-
cessing of archived gravity, magnetic, magnetotelluric and
seismic data was performed (KISS, VARGA 2003; TÁTRAI

2003). The objective of the study was to provide geophysical
data for delineation of the Mórágy granite body and for
marking out regional structural lines.
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Figure 13. Location map with results of the fracture-exploring geophysical survey in the Éva Valley 
1 — TEM profile, 2 — multielectrode profile, 3 — Maxi-Probe profile, 4 — fracture zone indication by Maxi-Probe survey, 5 — fracture zone indication by TEM
survey, 6 — fracture zone indication by multielectrode survey, 7— supposed fracture by Maxi-Probe and TEM surveys, 8 — supposed fracture by multielectrode
survey, 9 — supposed fracture by complex geophysical survey carried out in the valley, 10 — borehole (Borehole Üh–36 had not been drilled yet at the time of
measurements), 11 — intersection of the fracture zone A1/7 with Trench A1, 12 — strike direction of the fracture zone A1/7 based on trenching, 13 — line of

Trench A1. Coordinates are in metres, topographic isoline interval is 5 m

13. ábra. A vetőkutató geofizikai mérések helyszínrajza az eredményekkel (Éva-völgye) 
1 — TEM szelvény nyomvonala, 2 — sokelektródás szelvény nyomvonala, 3 — Maxi-Probe szelvény nyomvonala, 4 — töréses öv indikációja Maxi-Probe alapján, 5
— töréses öv indikációja TEM alapján, 6 — töréses öv indikációja soekeltródás mérések alapján, 7 — töréses öv feltételezett nyomvonala TEM és Maxi-Probe
mérések alapján, 8 — töréses öv feltételezett nyomvonala sokelektródás mérések alapján, 9 — töréses öv indikációja völgytalpi komplex mérések alapján, 10 —
fúrás (az Üh–36 jelű fúrás még nem mélyült le a mérések idején), 11 — az A1/7 töréses öv harántolása az A1 árokban, 12 — az A1/7 törés öv csapása az árkolások

alapján, 13 — az A1 árok nyomvonala. Koordináták méterben, szintvonalak 5 m-enként



Regional gravity 
and magnetic lineaments

By digital processing of the geophysical data of the
maps, regional magnetic and gravity lineaments in the
whole area were determined. Lineaments are line-like ele-
ments in maps that can be connected to tectonic elements or
formation boundaries.

To determine the gravity and magnetic lineaments,
source edge enhancement, construction of horizontal gradi-
ent maps, and automatic gain control filtering of maps were

executed to mark out the inhomogeneities of density and
magnetic susceptibility.

In the course of lineaments, as a starting point raw meas-
ured data were used and the area’s gravity and magnetic lin-
eaments have been determined free of geological concep-
tions. Figure 14 shows in the gravity base map the gravity
source edges used in the determination of the gravity linea-
ments around the site within the survey area.

The Mórágy Block appears as a uniform block on the
map, bordered with well-defined source boundaries in
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Figure 14. Boundaries of the gravity source bodies in the vicinity of the Site over a large area on the Bouguer-anomaly map calculated with a 
density of 2300 kg/m3 

1 — site, 2 — study area, 3 — outcrop of Mórágy Block granite after FÜLÖP, DANK (1987), 4 — maxima of horizontal gradient indicated by proportional symbol
sizes, 5 — major tectonic lines after DANK, FÜLÖP 1990, 6 — structural borehole, 7 — complex geophysical section (distance indicated in every 5 km). Coordinates

in metres

14. ábra. A Dél-dunántúli régió gravitációs hatóperemei 2300 kg/m3-es sűrűségre kiszámított Bouguer-anomália térképen 
1 — telephely, 2 — kutatási terület, 3— a Mórágyi-rög gránitjának körvonala FÜLÖP, DANK (1987) nyomán, 4 — a horizontális gradiens maximumai, a pontok
mérete az anomália erősségével arányos, 5 — nagyobb törések DANK, FÜLÖP (1990) nyomán, 6. szerkezeti fúrás, 7 — komplex geofizikai szelvény (a távolság 

5 km-enként jelölve). Koordináták méterben 



NNW and SSE directions. There are practically no sharp
gravity boundaries in NE and NW directions.

Delineation of the Mórágy Block 
based on the magnetic 3 D gradient

From geomagnetic data an analytical signal was calcu-
lated and presented on a map (Figure 15). This map is a mo-
saic of analytical signal maps constructed from airborne and
ground-based magnetic surveys. This is the map which can
most effectively be used from among the geophysical data
sets in marking out the Mecsekalja Zone and in the delin-
eation of the granite. Based on geophysics the Mecsekalja
Zone seems to be wider than it is known from the geological
maps. The explanation for this is that the marking out was

performed on the basis of the high-amplitude magnetic (an-
alytical signal) anomalies. If this zone were narrower, a part
of the magnetic anomalies — that are in connection with this
direction — becomes uninterpretable. In addition to the
magnetic analytical signal maps the gravity and magnetic
lineaments were also used in the delineation of the Mecsek-
alja Zone.

Processing along profiles

The primary objective of the processing along profiles
was the detection of structures; this was performed in sever-
al steps, which are the following:

a) re-processing of magnetotelluric soundings with 2D
inversion,
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Figure 15. Delineation of the Mecsekalja Zone and granitoids based on gravity and geomagnetic lineaments and a geomagnetic 3 D gradient map 
1 — Mecsekalja Line after DANK, FÜLÖP (1990), 2 — Mecsekalja Zone after BALLA et al. (2003), 3 — gravity lineaments, 4 — geomagnetic lineaments, 5 — research
area, 6 — Site, 7 — boundary of ground-based and airborne geophysical datasets, 8 — extension of the granite from geophysical data. Colour scale = geomagnetic

anomalies

15. ábra. A Mecsekalja-öv és a granitoidok lehatárolása gravitációs és geomágneses lineamensek, valamint mágneses térgradiensek alapján
1 — Mecsekalja-öv DANK, FÜLÖP (1990) nyomán, 2 — Mecsekalja-öv BALLA et al. (2003) nyomán, 3 — gravitációs lineamens, 4 — mágneses lineamens, 5 — kutatási

terület, 6 — telephely, 7 — a felszíni és légi geofizikai adatok határa, 8 — a gránit elterjedése geofizikai adatok alapján. Színskála = földmágneses anomáliák



254

b) processing of seismic profiles.
c) 2D magnetic and gravity modeling (along the lines of

magnetotelluric and seismic profiles).
As starting data the results of automatic processing pro-

cedures along profiles were used.
The automatic gravity processes can be used to detect

boundaries appearing with significant density contrast.
Because measurements carried out at separated points are
considered, it is primarily changes occurring in the horizon-
tal direction which appear in the course of processing — i.e.
the contact between two rocks of different density.
Automatic solutions give the places of changes appearing
with the highest density contrast. Processing with filters of
different size and on upward continued data, results in a set
of points from the surface down to larger depths. This draws
out the boundary between different types of rocks or the cen-
tral line of plate-like bodies (Figure 16, black dots).

2D inversion of magnetotelluric data made it possible to
check the uncertain solutions obtained from automatic pro-
cessing of gravity data for large depths. In areas without bore-
holes the magnetotelluric resistivity sections were of great
help in marking out different blocks for the — iterative —
depth determination based on the two-layer gravity model.

Map-like gravity processing and the automatic solutions
along profiles provided help for marking out block bound-
aries within the basement in the course of the interpretation
of seismic and magnetotelluric sections (Figure 16).

Both the Kapos and Tamási Lines can clearly be identi-
fied. In addition, several block boundaries that can be inter-
preted as structural lines appear as well, although their geo-
logical identification has not taken place yet.

Summary 

A significant ground-based geophysical survey activity
took place at the Bátaapáti (Üveghuta) Site and in its vicini-
ty. Spatial homogeneity of the granite body was investigated
with seismic and magnetotelluric survey in the vicinity of
the Site. Fractures were investigated with complex electro-
magnetic and magnetic surveys at the valley bottoms. The
most significant fracture zone, which was anyway expected,
was surveyed with a series of electro magnetic and direct
current resistivity profiles. The granite’s surface was
mapped with electromagnetic soundings completed with di-
rect current soundings and multielectrode profiling (electri-
cal imaging). Possible neotectonic events were searched for
with tracing the horizons connected with palaeosols and the
application of cone penetration tests (CPTe). Re-processing
of the region’s archived geophysical data was performed in
order to delineate the Mórágy Block and to determine more
accurately the major structural lines  over a wider vicinity
area.
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Figure 16. Magnetotelluric (MT) resistivity section Sb–1 with gravity block boundaries 
Coloured sections = resistivity distribution based on MT 2D inversion, black dots = block boundaries based on gravity Euler solutions, black triangles = block 

boundaries based on joint interpretation of gravity and MT data. Scales are in km. For location, see Figure 14

16. ábra. Az Sb–1 magnetotellurikus ellenállás-szelvény gravitációs blokkhatárokkal 
Színes szelvény = ellenállás-eloszlás MT 2D inverzió eredményeként, fekete pontok = blokkhatárok gravitációsEuler-megoldásokból, fekete háromszögek =

blokkhatárok az MT- és a gravitációs mérések közös értelmezése alapján. Vízszintes és függőleges skála km-ben. Helyzetét l. a 14. ábrán
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