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To study the Quaternary sedimentary sequence overlying the granite in the vicinity of the Üveghuta site, integrated well-logging 
measurements in 10 boreholes were made available for research. We have divided the loess sequence into palaeoclimatic cycles based on 
electric measurements, while from the susceptibility measurements the paleosol horizons were identified. On the basis of this we have 
prepared the correlation between the Quaternary formations which has been presented in an axonometric (3D) format as well. We have 
determined the hydrogeological properties (porosity, water saturation) of Quaternary formations from the well-logging measurements.

1. Introduction

During the investigation of the veghuta site for storing 
low- and intermediate-level radioactive waste, the Eötvös 
Loránd Geophysical Institute of Hungary (ELGI) and 
Geo-Log Ltd. was asked to carry out well-logging measure
ments and their interpretation. During the performance of 
this task we succeeded in developing a rather detailed 
image on the Quaternary loess sequence, the weathering 
crust of granite and fracture zones of the fresh granite. 
In this volume a study is dedicated to each of these three 
topics. In this study the division and characterisation of the 
Quaternary sequence will be discussed.

The Üveghuta granite is overlain by 40-60 m thick loess 
sediment deposited during the Pleistocene ice age, so out
crops of granite can be found only in the valleys in the 
study area. Due to the unconsolidated nature of the rocks, 
there is a close connection between the lithological and 
geotechnical information in the Quaternary sequence. 
Lithological boundaries are at the same time permeability 
categories, therefore the hydraulic image of the overburden 
is closely related to the stratigraphic conditions, and they 
can be understood by means of correlation. Although the 
water flow is vertically downward in the three-phase sys
tem, hydraulic conduction directions are influenced by the 
position of permeability barriers, i.e. of clayey horizons, so 
therefore correlation of paleosol horizons might also con
tribute to the construction of a hydrogeological model. The 
overlying sedimentary sequence lies mostly above the 
groundwater table. Therefore in most cases it is dry, thus 
the layers are more or less saturated with fluid only in the 
vicinity of the borehole. Water saturation can be calculated 
from the well-logging measurements and it is — if we take 
into account the disturbing effect of the drilling fluid -

partly characteristic for the original state of the individual 
layers, as well as of their permeability.

The geological columns of the boreholes drilled on hill
sides may be so much disturbed due to the landslides and 
soil slips that they are riot suitable for correlation. For divi
sion of loess into layers one needs a sufficiently undis
turbed layer sequence, which may occur only in the case of 
boreholes drilled on hilltops. In the following sections we 
discuss how cyclic changes in resistivity logs follow the 
individual periods of loess formation, then how the paleo
sols formed in the individual cycles can be detected by 
magnetic susceptibility measurements. Later we study how 
the calcareous concretionary horizons developed within 
the loess appear on the geophysical well-logs. In Chapter 5 
the individual cycles are studied on the basis of cross-plots 
constructed from the most characteristic well-logs. Cor
relation between the 10 available boreholes is shown in fig
ures, then the horizons are identified with geological units 
as well. In Chapter 8 the hydrogeological conclusion which 
can be inferred from the measurements is studied, and 
finally a 3D axonometric representation of the geological 
model of the site is presented.

2. Cyclic variation of electrical resistivity in the 
Pleistocene loess sequence

The electrical resistivity in the Pleistocene loess 
sequence shows cyclic variations as a function of depth at 
several places, thus also at Üveghuta (Figure 1). The shape 
of these cycles resembles regression cycles because the 
electrical resistivity increases upwards with depth. Taking 
into account the aeolian origin of loess, which has been 
modified only by subsequent geochemical alteration asso-
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Figure 1. Logs of well Uh-2
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dated with paleosol development, the upward coarsening 
of grain-size is impossible in the traditional sense of terms 
such as regression cycles. Increase in resistivity is, however, 
also related to the decrease in specific internal surface, and 
in this case it can be linked to an increase in lime content. 
Lime content decreases downwards as a function of the dis
tance from the lime accumulation horizon of paleosols. 
Accordingly a complete cycle is recognisable in the electri
cal resistivity log with downwardly increasing clayey char
acter and decreasing lime content which develops only 
when the concretionary horizon of the paleosol is under
lain by a sufficiently thick loess sequence. Otherwise, if the 
calcareous, concretionary horizon in the paleosol were 
underlain by clay, due to its low resistivity no cyclic change 
could be seen.

Cyclic changes in electrical resistivity are linked to for
mation periods of thicker loess layers, but their boundaries 
do not coincide with them. While the lower boundary of 
loess formation period falls at the top of a paleosol hori
zon, the lower boundary of a geoelectric cycle follows the 
surface of the lime accumulation belonging to this. Thicker 
loess sequences accumulated in periglacial areas during the 
glacial periods, therefore cyclic changes in resistivity are 
basically related to large-scale climate changes in the 
Pleistocene.

3. Identification of paleosol horizons based on 
the magnetic susceptibility measurement

For a stratigraphic division of Pleistocene loess the 
identification of paleosols as climate indicators is impor
tant (Florido et al. 1999). Paleosols developed during the 
interglacial periods of milder climate — possibly during the 
interstadial phases — overlying the earlier accumulated 
loess, thus each of them can be considered a chronostrati- 
graphic horizon, therefore their identification is essential 
from the viewpoint of tectonic interpretation as well.

Magnetic susceptibility of sedimentary rocks is very 
diverse, depending on the fraction which is the main carri
er of magnetisation. In sedimentary rocks, and thus in soils 
too, hematite occurring in the clay fraction is frequently 
the main magnetic mineral and not the magnetite in the silt 
fraction. Hematite grains of micron size constitute super- 
paramagnetic particles of single domain in clay, so there
fore its magnetisation is relatively high (O’Reilly 1984).

Based on a comparison with the geological layer 
sequences, upper A and B horizons (pedogenic horizons) 
of paleosols in the loess sequence give the positive magnet
ic anomaly, while the magnetic susceptibility of horizon C, 
which is the horizon of lime accumulation, does not differ 
from that in other part of loess.

Loess itself contains few magnetic minerals (its suscep
tibility is about (3-5)-10-4 SI unit), thus paleosols which can 
be magnetised to almost one order of magnitude higher 
give in the magnetic susceptibility log a characteristic, posi
tive anomaly (Figure 1).

The cyclic repetition identifiable in the resistivity logs 
can be recognised with more difficulty or cannot be identi
fied at all in the magnetic susceptibility log, although this 
kind of measurement is the most suitable for detecting 
paleosols. The number of paleosols can be even 15-18, i.e. 
much higher than that of the major periods of loess forma
tion, because more soil-forming cycles might exist within 
one interglacial period. Due to the fluctuation of climate it 
could be interrupted by several more or less cooler, short 
periods of loess accumulation which were unfavourable for 
soil formation, thus soil formation within the same inter
glacial was not continuous. The phenomenon might be 
associated with the quick changes in climate (flip-flop 
mechanism) within the interglacial and interstadial periods 
(such changes might take place partly during the glacial 
periods as well, e.g. Mazaud et al. 1999). If the loess depo- 
sitional period was short, and in the meantime erosion also 
occurred, the loess accumulating over the older soil might 
be completely transformed to soil during the next break in 
loess formation. As a result, the paleosols formed within 
the same interglacial for the most part directly overlie each 
other due to the soil forming process during erosion, and 
represent the lower, low-resistivity part of the period identi
fiable on the electric resistivity log.

The situation is made more complicated by the fact that 
the paleosols can overlie each other too when the layer 
sequence is not completely continuous, due either to land
slide or hidden erosion horizons. These later disturbances 
to the sequence can frequently be deduced only from cor
relation between the boreholes. Summarising, the magnetic 
susceptibility measurement is suitable to identify such 
changes of short period which otherwise could be only 
poor or not distinguished with other measurements.

4. Calcareous horizons in loess

The calcareous concretionary horizons in loess are 
.linked with the calcareous C horizons of paleosols. 
Effective porosity of the calcareous concretionary horizons 
closing the cycle is relatively high. Therefore it is possible 
that density changes are contrary to those of electrical 
resistivity. Presumably, compaction within one cycle is 
stronger in less calcareous formations. This difference in 
compaction can explain why density increases downwards 
in some cases within one and the same cycle. This effect 
can be observed in spite of the fact that increase in diame
ter and cavity formation at clayey sections has just the 
opposite effect, because due to this, the measured apparent 
density could be lower than the real one, and the effect of 
the larger cavities cannot be successfully corrected com
pletely (Figure 2).

As with electrical resistivity, the individual paleosol 
horizons cannot be identified by neutron porosity. The neu
tron porosity is higher in the moisture-bearing layers than 
in the drier calcareous layers. Due to their clay content the 
natural gamma-radiation level of paleosols is relatively
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higher than that of loess, but they cannot always be easily 
separated from the non-calcareous, concretionary loess.

Sequences containing calcareous concretionary hori
zons are distinguished from their surroundings by a nega
tive anomaly. The very thin horizons can be detected with 
micro-resistivity measurement only (sound length of 2.5 
cm; Figure 2). The calcareous concretionary horizons are 
distinguished from their surroundings by their higher resis
tivity. It turns out from the micro-resistivity curve that the 
lime content does not decrease regularly downwards, and 
the smooth curve is probably due to averaging effect of the 
larger sound spacing of other methods. The significance of 
this finding is that the water conducting ability of non- 
paleosol loess can also be anisotropic.

In sandy to clayey sequences deposited in water, posi
tive anomalies of natural gamma radiation are caused by 
the accumulation of clayey sediment higher in radioactive 
elements at the expense of the inert, coarser fraction. A 
relationship to the grain size is the result of selective physi
cal and chemical alteration processes taking place during 
transportation. In loess of aeolian deposition there is no 
such sorting, therefore in our opinion loess can be charac
terised by a uniform natural gamma level in which negative 
anomalies are caused by the leaching phenomenon associ
ated with the formation of calcareous concretionary hori
zons, i.e. they have developed as a consequence of a 
destructive process. The natural radioactivity level of 
clayey loess residues which have not been converted to 
soils, lying between the individual soil horizons, is very 
similar to that of paleosols, therefore natural gamma is a 
less effective tool than magnetic susceptibility for distin
guishing paleosols.

5. Selection and characterisation 
of cycles

Based on the electrical resistivity logs, periods marked 
with A, B, C, D, E have been distinguished, which represent 
the major sediment formation units with some shifts. 
Periods A and C are divided into two parts. The paleosol 
horizons that can be correlated are marked out according 
to the susceptibility with Arabic numerals (Figure 2).

The cycles identified on the basis of logs are considered 
to be units or formations which consist of a series of subse
quent palaeofacies, and represent a continuous series of 
physical, chemical and geological events. The latter ones 
are reflected on geophysical well-logs and this is the basis 
for correlation. The beginning and end of the real sedimen- 
tological cycles are striking, therefore the boundaries of the 
geophysical correlation units do not coincide with them. 
The paleosol which starts the cycle really belongs to the 
older cycle, from geological point of view.

In addition to the geophysical log, the image identified 
on the basis of a log shape relationship between the physi
cal parameters, is also characteristic for a formation. The 
splines which can be fitted to the cross-plots, and the shape
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Figure 3. Resistivity diagram (10 cm - 40 cm)
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3. ábra. Ellenállásmérések diagramja (10 cm - 40 cm)
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of point assembly are repeated with a high degree of cer
tainty in layer sequences belonging to the same formation.

Figure 3 shows that only points corresponding to the 
uppermost sedimentation cycle (A) deviate significantly 
from the linear relationship between the electric measure
ments of two different penetrations, because the resistivity 
measurements of deeper penetration better record the 
incompletely saturated part of the space surrounding the 
borehole. The minimal resistivity of the two lower cycles 
(D and E) is lower than that of the overlying sediments 
because in these the paleosols and the clayey loess are pre
sumably more water saturated than the overlying layers. 
This might be justified both by their deeper location and by 
their lower permeability due to the stronger compaction. 
The minimum resistivities in the lower cycles are also 
lower, which may be caused by their higher clay content as 
well, and was indicated by geological laboratory studies 
(K o l o szAr  and M a r si 1998a, b). The low-resistivity points 
deviate from the straight line drawn upwards in each peri
od, because the resistivity of low-permeability but partly 
dried out clayey layers is lower close to the borehole due to 
the soaking.

Figure 4 shows the cross-plot of two density measure
ments with two sound spacings i.e. with two different pene
trations. It is striking that the points of sedimentation cycle 
A significantly deviate downward from the ridge line (the 
shorter tool of smaller penetration measures higher densi
ty). This can be explained by the dryness of layers, and sup
ports the interpretation of Figure 3.



Iuiunjol 
funaaol

103 O
f X

»IA
psB

3JJ 
U

I3 O
f X

ju
u

js
b

o
jj

—

i
? •

fcivZ
. ‘ÍT C *  V

7:1 ► •• • • •••
•

%>• * ’* i

s y  *
•

•

10 100 
Resistivity 10 cm 

[ohmm]

Figure 4. Density diagram (17 cm - 37 cm) Figure 6. Susceptiblity-Gamma Ray crossplot

Legend on Figure 3 Legend on Figure 3
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Figure 5. Porosity-Resistivity 40 cm crossplot

Legend on Figure 3

Figure 7. Susceptibility-Porosity crossplot

Legend on Figure 3
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Figure 5, the neutron porosity - electric resistivity cross 
plot, shows the separation of sedimentation cycle A. A 
close connection can be observed between the neutron 
porosity and logarithm of the electrical resistivity. The 
points of sedimentation cycle E (Tengelic Clay, lilac) cor
respond to the clayey paleosol part of cycle D (blue), i.e. E 
is more clayey than D. The relationship is almost the same 
for cycles B and C, which are similar to each other rather 
than to the formations over- or underlying them.

Figure 6 shows that the orientation of the point assem
bly of cycle E deviates from that of the others, i.e. in a sta
tistical sense the relationship is different between these two 
parameters. This can be linked to the deposition conditions 
of the Tengelic Clay which were different from that of the 
loess. The relationship which is valid for the paleosol part 
of C (k>10 3 6 SI unit) is similar to that of E.

In the magnetic susceptibility - neutron porosity cross 
plot (Figure 7), point clusters of cycle B (green) and cycle 
C (red) almost overlap each other, which also suggests the 
similarities established already, based on Figure 5. Point 
clusters of cycles A, B, C, D all show parallel trends with 
each other. Point assembly of cycle D (blue) — presumably 
the old loess — is located above the others. This suggests a 
higher degree of compactness and higher bound water con
tent. The trend connection characterising the cycle E, i.e. 
the Tengelic Clay (lilac) strongly differs from that of other 
parts of the Quaternary sequence, which suggests material 
of different origin.

6. Correlation within the Quaternary sequence on the 
basis of well-logging measurements

Well-logs reflect the evolutionary history with a charac
teristic pattern, which characterises the given sedimentary 
formation.

In general, the curve pattern starting in the vicinity of 
the formation boundary can be considered a characteristic 
signature, thus by means of well-logs the question of over- 
or underlying can be answered as well.

When correlating paleosols it is fundamental that not 
only thickness and spatial position of soils are considered, 
but the log shape itself is also taken into account at the 
individual anomalies. The curve shape is characteristic not 
only of the whole sequence, but of the individual layers as 
well. It can be considered an individual pattern which was 
formed by the natural process by which it was formed. The 
accompanying layers, or structure within the layer, are 
characteristic of a paleosol layer, and define the individual 
finger print. Measuring magnetic susceptibility with sound 
length of 20 cm and sampling interval of 10 cm gives us 
more information. Taking into account the disturbing effect 
of landslides, correlation of erosion is more reliable if 
paleosols are not considered individually, but as members 
of a certain period, because the soil horizons possibly omit
ted, or those appearing as extra can more easily be classi
fied.

Summarising, we conclude that the pattern provided by 
the resistivity and magnetic susceptibility curve groups is a 
basis for identification, because due to its richness in detail 
it is such an individual feature of a specific sequence that it 
may be possible to identify a simultaneous sequence of 
events taking into account the nature of aeolian sedimenta
tion.

Correlation between boreholes is aimed at matching 
the sequences marked A, B, C, D, E, and within them the 
paleosols. In Table 1 the elevation of those sequences which 
can be correlated, and the paleosols can be seen. Correlation 
between the boreholes is shown in Figures 8 and 9.

Quaternary layers of boreholes can generally be corre
lated with each other, while Boreholes Uh-1 outside the 
selected site and Uh-4 drilled in a slope setting significant
ly differ from the rest, therefore the reliability of correla
tion with these two boreholes is less than the correlation 
between the other boreholes (Table 1 and Figures 8 and 9). 
In Borehole U h -1 sediments of the interval C are suppos
edly missing and only the lower part of interval B can be 
found. Similarly interval A at Uh-1 is also weaker com
pared with the other boreholes. In the geological column 
of Borehole Uh-1, period C is completely missing accord
ing to the correlation and the geological column of this 
borehole can only be correlated with difficulties with the 
others, probably due to the disturbed conditions. The sur
face of the granite is 15-20 m higher in Borehole U h -1 than 
in the other boreholes.

In Borehole Uh-4 the surface of granite is practically at 
the same altitude above sea level as in the other boreholes 
and all layers are at about the same altitude with a devia
tion of about 1 m upwards, up to the paleosol marked 10, 
as in Borehole Uh-2. Based on this the altitude of the ter
rain where Uh-4 was drilled has been lowered only by ero
sion, and it is very likely that no tectonic movement took 
place between the two borehole sites. According to the 
well-logs it seems that only the upper 8 m is a soil slip sedi
ment which cannot be correlated.

Paleosols are missing from zone A1 of Boreholes Uh-5 
and Uh-8, therefore it is very likely that this horizon is re
sedimented here. Zone A1 of Borehole Uh-7 is also thin
ner (9.8 m) than in Boreholes Uh-2 and Uh-6 (12 and 
15.6 m, respectively), where zone A1 contains two paleo
sols as well. The layer overlying the paleosol marked -2 in 
Borehole Uh-6 is thicker than that in Borehole Uh-2, 
which accounts for most of the difference between the 
thickness of zone A1 in the two boreholes.

In Borehole Uh-5 only the calcareous-concretionary 
part of zone B exists, and its top is at the same altitude with 
a difference of 0.4 m from the top of B in Borehole Uh-2. 
According to K o l o s z a r  et al. (2000), the oldest loess hori
zon of the Mende-Basaharc sequence — the Mende Base — 
and the overlying paleosol are missing in Borehole Uh-5. 
A hiatus caused by erosion can also be found by means of 
correlation according to the well-logs. For example, zone B 
of Uh-5 is thinner by 5.4 m than Uh-2, while the top of 
granite is 5 m higher than in Uh-2 (Figure 9). Therefore
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Figure 8. Correlation plot along the closed profile Üh-2, Üh-3, Üh-5, Üh-4 

8. ábra. Korreláció zárt vonal mentén (Üh-2, Üh-3, Üh-5, Üh-4)
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Figure 9. Correlation plot along South-North profilé Üh-5, Üh-22, Üh-2, Üh-23, Üh-6 

9. ábra. D-É irányú szelvény (Üh-5, Üh-22, Üh-2, Üh-23, Üh-6)



the last tectonic tilt can be put after the formation of Cl. 
This, however, did not affect the upper part of zone B. 
Although the slope angle resulting from the elevation dif
ference of 5 m along the separation between the boreholes 
is less than 1°, but because all the paleosols tilt in the same 
direction, some tectonic tilt can be assumed.

Paleosol marked 15 can be found in Borehole Uh-6 
only. In Borehole Uh-3 the granite basement lies 6.9 m 
higher than in Borehole Uh-2. This difference fluctuates 
between 5.7 and 5.9 m from the bottom of paleosol marked 
12 to the top of paleosol marked 5. The difference in corre
lation below the paleosol marked 12 is only 4 m between 
the two boreholes. We assume that originally as a result of 
an earlier displacement the paleosols below the one 
marked 12 in Uh-2 were in a higher position. From the 
paleosol marked 5 to the top of paleosol marked 3, the lay
ers in Oh—3 are only about 3 m higher than in Uh-2, while 
this difference decreases to 0.5 m at paleosol marked 2. 
Based on this it can be stated that between Boreholes Uh-2 
and Uh-3 events twice took place which influenced the 
stratification. In the correlation figures (Figures 8 and 9) it 
can be seen that the paleosol layers tilt from SW to NE, 
similar to the surface of the area since the Miocene.

Within the selected site there was no faulting during the 
period of loess deposition. This is deduced from the undis
turbed, parallel position of paleosols older than B along the 
whole correlation line. It is noted that the boreholes are 
not equally spaced, therefore the break in the layers in the 
figure is only apparent between Boreholes Uh-5 and 
Uh-22.

7. Correlation with the geological units

ponent lithological composition was calculated (fourth col
umn in Figure 10). Within the individual cycles the highest 
values of clay content are associated with the resistivity 
lows, although resistivity not only of sand but also of layers 
classified as clay decreases. From radiometric measure
ments we calculated the apparent fluid density (second col
umn in Figure 10), and from this the water saturation (Sw, 
fifth column in Figure 10, 1-SW curve). Water saturation 
does not include the non-reducible adsorption water con
tent of clay and its apparent water content resulting from 
its OH' content, because these were taken into account as 
matrix features. Depending on the type of clay mineral, 
these could result in an apparent porosity of 50%. It can be 
seen in the figure that the apparent fluid density and the 
water saturation calculated from it -  considering the aver
age of the individual cycles — increases with depth. Up to 
the top of cycle B, it can also be seen that within one cycle 
the water saturation of low resistivity, (Guard Laterolog) 
clayey formations is higher than that of calcareous-concre
tionary loess. From the above we can draw the conclusion 
that the clayey formations are probably also permeable, 
although to a lesser degree than other parts of the loess. At 
depths less than 25 m the clayey formations seem to be less 
water saturated, suggesting that their permeability is too 
low to allow any significant invasion during the drilling 
operations or time of measurement. It is very likely that the 
same holds true for the sequence below 25 m. From this 
the conclusion can be drawn that the clays at depths below 
25 m were originally close to complete water saturation, 
while above this the clay layers had also dried out.

Omitting the density we have calculated the water satu
ration in Borehole Uh-2 from resistivity, neutron porosity 
and natural gamma set, to be and this resulted in similar,

According to preliminary information from Borehole 
Üh-6 (K o l o s z á r  el al. 2000, K o l o s z á r  and M a r s i  1999) 
the lower boundary of Dunaújváros Loess in cycle A2 falls 
on the lower boundary of paleosol 2. This information was 
used in the correlation of the other boreholes. The lower 
boundary of Mende-Basaharc Loess coincides with the 
lower boundary of paleosol 11 in cycle D, while the lower 
boundary of Paks Loess coincides with the lower boundary 
of cycle D, and cycle E means the red clay horizon before 
the loess. Palaeomagnetic studies do not preclude identify
ing cycle E as the Tengelic Formation, but above this there 
is no magnetic field reversal ( L a n t o s  1997), i.e. there is no 
zone of stable reversed polarity in the Quaternary sequence.

FRW • r- «------- ; where r  — — -
Rt r

but slightly different values than the previous calculation 
(Figure 10). The major difference is that the water satura
tion of the permeable layers with high “sand content” is rela
tively low in cycles B, C, D and increases with depth to a 
smaller degree. The main reason for the difference is that 
the penetration of the applied focused resistivity measure
ment (Guard Laterolog) is larger in the area round the 
borehole than that of the nuclear measurements. The 
effects of invasion on the diameter of affected rock around 
the borehole increases due to the increasing hydrostatic 
pressure with depth. In the case of cycle A the algorithm

8. Hydrogeological conclusions that can be drawn from 
well-logging measurements in boreholes

It can be observed in the case of each borehole that the 
average resistivity of cycles decreases with depth, this is 
caused by the increase in water saturation of the space 
around the borehole. Based on the neutron porosity, densi
ty and natural gamma logs in Borehole Üh-2, a three-com-

1 Sw = water saturation, meaning the water saturation o f the effective pore 
volume, F  = effective porosity (can be filled with moveable water), R*. = 
resistivity of pore fluid, R, = real rock resistivity, free from the effects of 
drilling fluid, a = constant, its value for loose sediments is between 0.6 
and 0.8, otherwise its accurate value around 1.0 and can be determined 
either with laboratory tests or by optimising the parameters of the water 
saturation model, F  = formation resistivity reducing factor (formation 
factor)



Figure 10. Lithological composition and water saturation from well logs in well Üh-2 

10. ábra. A litológiai összetétel és a víztelítettség összefüggése az Üh-2 fúrásban

brings the water saturation automatically close to 100%, 
because we took the cementation factor2 to be constant 
along the whole borehole, therefore the calculation was 
carried out with a too small resistivity reducing factor.

2 Cementation factor, which is linked to the rock’s cementation and as a 
consequence with the windings of current path: its value is about 2.

The resistivity of cycle A  is also higher in resistivity 
curves of engineering geophysical soundings than the elec
tric resistivity level of the other cycles, and even a general 
decreasing trend with depth can be observed, suggesting 
that the increase in water saturation with depth is inde
pendent of the disturbing effect of drilling. According to 
laboratory studies the clay content increases with depth,



Figure 11. Geological section of the area in 3D representation 

11. ábra. Az üveghutai terület földtani térmodellje

which means at the same time deteriorating permeability, 
an increase in specific surface, and together with this an 
increase in water saturation as well (even above 90%, to 
complete saturation), because clay dries out less easily than 
materials of high permeability. Well-logging measurements 
provide systematically lower values than the electrical resis
tivity measurements of engineering geophysical soundings, 
but this difference decreases with depth, probably due to the 
general increase in water saturation with depth independ
ent of saturation with drilling fluid. Within the Quaternary 
sequence, upper, calcareous parts of all loess cycles indicat
ed by the resistivity log are good water conducting zones.

9. 3D axonometric representation of the selected site

We have constructed and represented axonometrically 
from available well-logging, geophysical penetration sound
ing and refraction seismic survey data a spatial model of 
the area around the Üveghuta site using the program 3D 
View for Windows developed by Petrosoft (Z ilahi-Sebess 
and L endvay 1998). The primary aim of the 3D represen
tation was the spatial representation of units within the sedi
mentary sequence overlying the granite, and the stratifica
tion of alteration cover above granite. The model can be 
viewed from different angles, and arbitrary sections can be 
made from it using the computer.

The model is based on the surface of fresh granite, four 
weathered layers within the granite crust (Z ilahi-Sebess et 
al. 1998) and seven sedimentary layers overlying the gran

ite surface. In the model the thickness of the weathering 
crust as determined in boreholes drilled in the valleys was 
also used. Since the loess horizons were identified only in 
the boreholes drilled on the hilltops, the thickness of the 
lowest loess horizon depends on changes in the granite sur
face. Its top is nearly horizontal and the stratification above 
it intersects the valley walls. We closed the model with a 
plane taken arbitrarily (at a depth of 200 m). Figure 11 shows 
the shape of layer boundaries extrapolated to the area, and 
for clarity the surface representing the present relief is also 
shown.

The most important result of the 3D representation, 
also based on the geological model, is that the lower layers 
of loess do not follow the surface of granite, but a continu
ous layer above it, and after its formation there were no tec
tonic movements within the site, only minor scale tilting. 
The E horizon of loess stratigraphy fills in the depressions 
in granite, and based on the interpretation of refraction 
seismic profiles it is very likely that the zone had already 
formed before the development of unit D, i.e. the first real 
loess horizon.

Since the Tengelic Red Clay linked to unit E is a pre-gla
cial formation, it follows that the formation of rubble is 
also older than the ice age.

We can conclude from this that granite was already cov
ered before the period of loess formation. It is difficult to 
detect the Tengelic Red Clay with well-logging measure
ments because its properties make it similar to the lower 
loess sequence, but geological descriptions proved its pres
ence in all boreholes (K oloszar  et al. 2000, M arsi 2000).



10. Summary

To identify the larger units which can be correlated, 
electric resistivity measurements are the most effective. 
Pedogenic horizons A and B can be detected with magnetic 
susceptibility measurement, but horizon C does not differ 
from the other parts of loess. The top of the cycles accord
ing to resistivity actually means the top of the pedogenic 
horizon C of the overlying paleosol, i.e. it falls always into 
the interior of a paleosol.

The reliability of correlation improves if more logs are 
considered. Based on the geophysical well-logging correla
tion, stratigraphic gaps can be detected.

A horizon of the loess stratigraphy is identified as the 
Tengelic Clay which can be separated from the loess 
sequence on the basis of the 3D representation and natural 
gamma -  magnetic susceptibility relationship. From a geo
logical viewpoint the resistivity high at the top of cycle E is 
part not of the Tengelic Clay, but it is the horizon of lime

separation within the lowermost paleosol of the loess 
sequence. According to the 3D representation, the Tengelic 
Clay fills in the depressions of the granite surface. It fol
lows from this that granite was already covered during the 
period of loess formation, thus formation of granite rubble 
can be put before the ice-age. Apparent water saturation of 
the clayey formations in the loess sequence is lower in the 
upper part of the Quaternary sequence than in similar for
mations in the lower part. This is independent of the inva
sion phenomena associated with drilling which otherwise 
do not affect the low-permeability clayey formations. At the 
bottom of cycle B a general erosion surface can be assumed 
based on the correlation which reveals itself with the 
absence of paleosols belonging to cycle B in Borehole 
Uh-5. This erosion surface developed after tilting of the 
granite body. By comparison with geological data this event 
happened at the base of Mende-Basaharc sequence, and its 
formation took place about 280,000 years ago.
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