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Well-log measurements and their interpretation were made in two different geological settings. One was a sedimentary region, 
where clay and sand zones were identified and separated, and porosity and permeability calculations made. The other was a massive 
granitic environment, where the problem was to identify open and mineralized fractures.

1. Introduction

The main objective of the investigation was to reveal 
the water conductivity distribution in the vicinity of select
ed geological bodies. The investigation dealt with two 
types of sequences which might include potentially imper
meable beds as well. The sedimentary lithofacies contain
ing impermeable clays, and the fresh granite at Mórágy 
which is a product of ultrametamorphism and does not 
include an effective pore volume in its deeper sections.

2. Investigation of the sedimentary environment

The log set measured in the boreholes drilled in the se
dimentary environment was: self-potential (SP), specific 
resistivity calculated from apparent resistivity measured 
with 10 and 40 cm long normal tools (RT), micro-resistivi
ty (ML), natural gamma ray (GR), neutron porosity 
(NPOR), gamma-gamma density (DEN), longitudinal 
wave velocity (VP), full-waveform (SONIC), susceptibility 
(SUS), induced polarization (IP), temperature (T) and cal
liper (DH). The observed logs can be seen in Figures 1 
and 2. Both quantitative and qualitative interpretation of 
the measured material has been carried out.

The primary objective of the quantitative interpreta
tion is to determine the porosity and to differentiate the 
fine-grained and coarse-grained fractions. Based on these 
results, permeability and hydraulic conductivity can be 
estimated. The investigation in the sedimentary environ
ment was performed in a loess and clay-sand sequence of 
Pleistocene and Pliocene age. In this sequence red clays 
and fossil soils might also occur.

For quantitative interpretation a model consisting of 
four components has been chosen, in which the loess does 
not appear as an individual component. The loess — to
gether with its lime content — was considered a mixture of 
fine-grained and coarse-grained sediments. Components of 
the rock model and marking of their volume ratio are: 
VMA -  coarse sediments (sand, gravel), VCL — fine sedi

ments (silt, clay), POR — porosity and SW — water satura
tion.

Numerous formulae have been published that can be 
used to estimate the permeability and the hydraulic con
ductivity ( C o ates  and D u m a n o ir  1974, T im u r  1968 etc.). 
In this study the semi-empirical formula of T im u r  was 
used. Results also can be seen in Figures 1 and 2. In addi
tion to the quantitative results, qualitative conclusions 
were also drawn about the formations cut, based on the 
shape of the individual logs and their mean values.

2.1. Interpretation of the Udvari-2A borehole

The density-neutron crossplot can be seen in Figure 3. 
Two clusters of points can be distinguished. The dense 
cluster in which majority of the points can be found, corre
sponding to the water-saturated sand-clay sequence, and 
the less dense cluster to the left and up, which corresponds 
to the upper, unsaturated or dry sections of the boreholes.

The borehole is dry down to 27 m, partly water-saturat
ed down to 28.6 m, and below this the pore volume is satu
rated with water. The transition can easily be followed in 
the resistivity and density logs. Downward the porosity 
decreases, the clay content gradually increases down to 
145 m. Between 90 and 145 m a thick, uniform zone of 
high clay content can be found. Highs in the susceptibility 
log indicate the marker horizons of fossil soil and red clays.

The lower boundary of Quaternary lies at a depth of 
about 95 m, based on the susceptibility log. This is at the 
same time the bottom of the lowermost red clay. The 
induced polarization measurement shows the lower bound
ary of Pliocene rocks at a depth of 143.3 m. It should be 
noted that the layer boundary can be recognized in the nat
ural gamma ray log as well, although less significantly. The 
uncertainty in indicating the Pliocene-Quaternary bound
ary is higher, because of the already mentioned red clay. 
The micro-resistivity shows traces of calcareous concre
tions between 65 and 90 m. The well-defined sand between 
145.4 and 149.4, and 153 and 155.5 m, on the top of the 
Miocene sequence are the most permeable layers. The Ion-
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Figure 3. Neutron porosity-density crossplot of the Udvari-2A 
borehole
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Figure 4. Neutron porosity-density crossplot of the 
Diósberény-l A borehole
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4. ábra. A Diósberény-1A fúrás neutronsűrűség-diagramja

3. ábra. Az Udvari-2A fúrás neutronsűrűség-diagramja

gitudinal wave velocity VP determined from the full-wave
form records rapidly increases in the water-saturated sec
tion of the borehole down to 72 m. It is approximately con
stant down to 110 m and increases again down to the bot
tom of the Pliocene sequence.

2.2. Interpretation of the Diósberény- 1A borehole

The Diósberény- 1A borehole cut formations similar to 
those in the U dvari-2A borehole. The density-neutron 
crossplot can be seen in Figure 4, with a structure similar 
to that of the previous one. Down to 30 m the layers inter
sected are dry, and water-saturated below 39 m. Clay and 
sand beds alternate between 55 and 70 m, their average 
thickness being about 2 m. Between 70 and 84 m a thick, 
porous, permeable sand layer can be found. Down to 131 
m a series of sand and clay beds follows again. Below this 
there is a thick porous formation, with its lower boundary 
at 145 m. The well-logging (susceptibility, resistivity and 
density) measurements clearly indicate the fossil soil and 
red clay. The Pannonian-Quaternary boundary lies higher 
here, at 62.5 m, and therefore the sequence seems to be 
more consolidated, based on the full waveform (Figure 2). 
In the waveform record unambiguously clayey formations 
appear, i.e. more cemented in this sequence, with a higher 
amplitude and velocity than their vicinity. It can be seen in 
the log that these are of low resistivity at the same time. 
The thickness of the thickest clay layer that can be consid
ered uniform is not more than 6 m. Due to the extremely 
low grade of cementation the silt and sand layers are 
potential water-conductive formations. The acoustic ampli
tude of the somewhat more cemented but very porous 
loess is much lower than that of the clay, but higher than 
that of the sand. The increasing intensity of the later 
arrivals in the wave packet with increasing grade of cemen

tation is characteristic. In the case of the sand layer be
tween 127 and 142.5 m the amplitudes increase down
wards. The fossil soil and red clays occupy a special posi
tion because, although their velocity is higher than that of 
their vicinity, the attenuation of elastic waves is stronger in 
them. Calcareous concretions can be found between 39 
and 50 m, and the dolomite beds are detected by micro
resistivity, sometimes by density log. Between 130 and 
130.6 m a coal-bearing clay layer can be found, with high 
natural gamma activity, low density and low resistivity.

3. Investigation of the granite-granodiorite

The log set measured in the boreholes was: self-poten
tial (SP), specific resistivity calculated from apparent resis
tivity measured with 10 and 40 cm long normal tools (RT), 
guard laterolog (LL3), natural gamma ray (GR), neutron 
porosity (NPOR), gamma-gamma density (DEN), longi
tudinal and transversal wave velocities (VP and VS), full- 
waveform (SONIC), susceptibility (SUS), induced polar
ization (IP), temperature (T), differential temperature 
(DT) and calliper (DH). The section between 235 and 335 
m of the observed logs can be seen in Figure 5.

The main objective in the igneous environment was to 
find impermeable rock masses, free of fractures. The fresh 
granite is considered an impermeable, porosity free forma
tion. Thus, any kind of void volume is treated as having 
been generated secondarily. From the viewpoint of geo
physical interpretation the main problem is to distinguish 
the real fractured tectonic zones and the inhomogeneities 
developed in other ways (dikes, xenoliths and re-cemented 
fractured zones).

The majority of interpretation problems is caused by 
the altered rock types because they are electric conductors 
(in contrast with the fresh rocks). Due to the OH radicals



Figure 5. Geophysical measuring and rough cross section of Üveghuta-1 borehole 

5. ábra. Az Üveghuta-1 fúrás geofizikai mérései és vázlatos rétegsora

in them and the water bound on their large specific sur
faces, they slow down the neutrons effectively, i.e. their 
behavior is similar to that of the pore water. As a conse
quence, the formation factor and porosity calculated from 
the electrical resistivity and neutron log are only apparent 
values.

The following rock types were distinguished in the 
Üveghuta-1 borehole:
— fr e s h  b ed ro ck  (granodiorite, subordinately amphibol

ite): they are characterized by high resistivity and den
sity, low neutron porosity and approximately the nomi
nal drilled calliper (e.g. between 268 and 273 m);

-  d ik e  rocks a n d  xeno lith s: their common feature is that 
they came into being simultaneously with the bedrock 
and their resistivity is similar to that of the bedrock.

The dyke rocks might be aplite, quartzite and micro
granite.
The dyke rocks (their separation from the bedrock can 

be seen in Figure 6) are characterized, because they repre
sent a fraction rich in light feldspars of lowest melting 
point and quartz, by low density and extremely low -  
sometimes negative — neutron porosity. Due to the lack of 
mafic components the susceptibility is low. Due to their 
potassium content the natural gamma activity of aplite and 
microgranite is high. Such dyke rocks can be found in the 
sections between 240 and 270, and 290 and 297 m. In the 
case of quartzite dikes originating from a melt the natural 
gamma activity is low, but it could be high where there is a 
hydrothermal origin because of possible uranium enrich
ment. Xenoliths mean an inhomogeneity of the rock mat-
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Figure 6. Separation of dyke rocks (blue) from the bedrock (red) 
and from the chloritized zone (green)

6. ábra. A telerkozetek (kék) elválasztása az alapkózettól (piros) 
és a kloritosodott zónától (zöld)

rix too, but mostly without porosity change. They differ 
from their vicinity only in their high natural gamma activi
ty. This is, however, not very characteristic because their 
origin is not so uniform as that of the dyke rocks (e.g. 
between 306 and 307 m).

C hloritiza tion  a n d  m y lo n ites: these inhomogeneities are 
alterations related to tectonism taking place much later 
than the development of granite. Mylonite formation took 
place at several places within the sequence penetrated by 
the borehole, sometimes chemical alteration occurred as 
well, in other places it can be found in fractured or brec- 
ciated zones free of chemical alteration. Due to secondary 
mineralization the natural gamma activity and susceptibili
ty are high in the case of already cemented or partly ce
mented mylonites. At sites without cementation the sus
ceptibility is low, the permeability is high and occurrence 
of caverns is characteristic (between 310 and 312 m). The 
weathered zone at the top of the granite body is a some
what different category.

C h loritiza tion  o f  tec ton ic  origin (between 312 and 330 
m): the susceptibility is relatively high. Since the original 
iron content is present in the form of oxides, it does not 
correlate with the total iron content but only with a part of 
it which is present in the form of magnetite and hematite.

Values of natural gamma activity are mostly close to the 
average or low because a significant part of the potassium 
disappears during the alteration. Caverns are frequent in 
the chloritized zone. The neutron porosity is high, the den
sity is low due to the caverns (see Figure 6).

F ractured bedrock'. Changes in several geophysical para
meters indicate that in the loose fractured zones the poros
ity increases, the density and resistivity decreases, and 
together with these the acoustic attenuation is high, while 
the velocity decreases (e.g. between 295 and 310 m). This 
latter is of decisive importance in detecting the recent tec
tonic zones because changes in the other geophysical para
meters might be the result of secondary mineralization, 
ore mineral or hydrothermal filling.

The calliper log directly indicates the fractures, and it 
also clearly indicates the open and un-cemented tectonic 
zones (e.g. between 295 and 310 m). Cavern formation is 
extremely high in the fault zone between 310 and 312 m.

The fractures can clearly be identified in the differen
tial temperature logs (Figure 7). The temperature measure
ment was performed immediately after finishing the dril
ling, then before bail-down (pressure reduction) and twice 
after it. In the first log alternating positive and negative 
anomaly pairs can be found which appear at the bound
aries of rocks of relatively lower thermal conductivity 
when the heat flows through them, i.e. at the boundaries of 
aplite and quartzite dikes. A part of the negative anomalies 
disappears from the logs measured later, at the negligible 
microfractures. The majority of them, however, remain 
and indicate the most important fracture swarms. This is 
also demonstrated by the fact that 29 of the 30 tempera
ture anomalies coincide with well-defined lows in the resis
tivity log. The reason for the phenomenon is that due to 
the cooling effect of the drilling mud the fractures remain 
colder for a longer time than the better conducting non- 
porous rocks in their vicinity, where the static geothermal 
state is restored more quickly.

4. Results

In the sedimentary environment thick clay layers of 
low permeability were found. The interpretation was based 
first of all on the specific resistivity, natural gamma activi
ty, neutron porosity and full-waveform pattern. Identifica
tion of red clay beds was promoted by magnetic suscepti
bility logging.

In the borehole in the granite environment several 
open and closed fracture zones were detected. Mechanical 
properties of the granite block were determined from the 
full-waveform and specific resistivity logging. Results of 
hydrodynamic testing do not coincide with those of the 
well logging and core studies. This shows that the fracture 
system is closed and is not connected with tectonic zones 
situated at greater distances.
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Figure 7. Production measuring of Üveghuta-1 borehole

7. ábra. Az Üveghuta-1 termelés-geofizikai mérései


