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The fracture zones are the most critical element of the geological structure and hydrogeological situation of the Üveghuta site. They 
are characterised by correlation of geological and geophysical data from the 6 existing boreholes. The geological and geophysical prop
erties are clearly related to the big fracture zones, but the correlation becomes weaker when turning to the smaller fracture zones. Of the 
hydrogeological parameters, for the distinct zones only water influxes are available. There is no relationship between them and the size 
of the fracture zones, therefore, the hydrogeological pattern of the site cannot be delineated on the basis of the fracture zone properties.

1. Introduction

The boreholes provided two types of information about 
the geology of the Üveghuta site (Balla 2000): core logs 
and geophysical well logs. Three methods of core logging 
were applied: (i) technical supervision to record the state 
of the core and the general properties of the rocks at the 
core extraction, (ii) visual description of the core to record 
the petrographical properties and boundaries and (iii) core 
scanning and tectonic investigation to record structural 
and textural features. Laboratory analyses helped in study
ing the rocks and minerals.

The fracture zones are the most critical element of the 
geological structure and hydrogeological situation of the 
Üveghuta site. Geological and geophysical logging data for 
them will be correlated below. First, a definition of the fracture 
zones is given, then a comprehensive characterisation of the 
fracture zones drilled, and finally, a summary will be given.

2. Definition of the fracture zones

The granite core is fractured in distinct sections of the 
boreholes, and the lack of core usually corresponds to such 
sections. Approximately on the same sections the geophys
ical logging records show a decrease in the geoelectric 
resistivity, acoustic velocity and density. Physical parame
ters point to the loosening of the rock, in agreement with 
the impoverishment of the cores. Both in the core (mainly on 
transitions between the broken and unbroken cores) and in 
borehole televiewer images it is clear that the disintegration 
of the cores is due to an increase in fracture density. 
Fractures in the core often display displacement traces.

{
The only reasonable interpretation of the above fea

tures is the hypothesis that the impoverishment of the 
cores and the physical loosening of the rock are connected 
with fracture zones. The borehole walls become unstable 
only on those sections, and display collapse, drop and cav
ern forming. This proves conclusively that the borehole 
instability in the Üveghuta site is always connected with 
fracture zones.

Secondary minerals are present in nearly all broken sec
tions (mainly clay minerals and chlorite, together with 
limonite, often calcite, carbonate and ankerite, less fre
quently quartz, hematite and pyrite [Üh-5] or pyrite/mar- 
casite [Üh-22] as well as epidote [Üh-23]). The increase 
of the neutron porosity on the same sections is explainable 
in terms of their enrichment. This increase in granite indi
cates a higher water content which however can only be 
partially related to free water in fissures, since its amount is 
usually negligible according to hydrodynamic testing and 
flowmetry data. At the same time the structurally bound 
water of the secondary phyllosilicates (clay minerals and 
chlorite) can explain this feature. The secondary minerals 

•are of hydrothermal origin, their presence pointing to 
hydrothermal alteration. This supports the conclusion that 
.the broken sections occur in fracture zones of tectonic origin.

The Üveghuta granite underwent dynamo-metamorphism 
(cataclasis, mylonitisation) which only destroyed the possi
ble primary cooling structures, but at the same time did not 
result in a decrease of the physical parameters (neither cata
clasis, nor mylonitisation leads to a decrease of the densi
ty or acoustic velocity, and can be identified in the bore
hole televiewer images). This means that any fracturing 
could only be post-metamorphic, so the fracture zones can 
only be tectonic ones. Numerous displacement traces can



Types of the anomalies connected with the fracturing in the geophysical logs
Table 1

Parameter measured Anomaly
class type

Resistivity,
density,
acoustic
velocity

strong

minimum

big magnitude, sharp boundaries
medium medium magnitude, sharp boundaries
weak small magnitude
relative on slope or high
differentiated dissected

Neutron porosity

strong

maximum

big magnitude, sharp boundaries
medium medium magnitude, sharp boundaries
weak small magnitude
relative on slope or low
differentiated dissected

Acoustic wave 
pattern

strong
attenuation

complete disruption
medium partial disruption with strong change
weak partial disruption with weak change

Words s tr o n g , m e d iu m  and w e a k  characterise intensity of the anomaly. If the anomaly appears on a constant section, the terms are used independently, if 
on an increasing/decreasing section or on an anomaly of the opposite sense, with the attribute re la tive . If the anomaly is not a simple one but a dissected 
maximum or minimum, the word indicating the intensity is used with the attribute d if fe r e n tia te d .

be observed adjacent to these fractures (Maros and 
Palotas 1998, 1999), and the rocks within these zones suf
fered hydrothermal alteration, agreeing with the above the
ory. It is important to state that no real alternative for a tec
tonic origin of the fracture zones has been given, which is 
why this origin is regarded to be proved.

3. Comprehensive characteristics 
of the Üveghuta fracture zones

For characterisation of the Üveghuta fracture zones, all 
the geological and geophysical data which can be regarded 
as indicators of fracture zones were collected. These were 
as follows:

Two independent sets of information from the geological 
logs (Kôkai 1998, Koloszâr 1998, Chikân 1998, Marsi 
1998, Müller and Kirâly 1999, Marsi and Kovâcs- 
Pâlffy 1999) have been taken into account in the evaluation:

— the fracturing of the core was characterised by various 
terms (broken, broken into small pieces, crushed, 
brecciated etc.) which cannot be categorised, thus, 
the original terms were preserved. They have been 
compared with the logs made by technical supervi
sors, and these logs confirmed the descriptions;

— secondary minerals, listed for each depth interval.
Three main types of geophysical logs (Zilahi-Sebess et

al. 1998, 1999) were at our disposal: curves (resistivity, 
velocity, density, neutron porosity), acoustic wave pattern 
and borehole televiewer image. Fracture zones in them 
have been identified and classified on the basis of the geo
physical interpretation. Table 1 below shows the criteria 
used in classifying anomalies in the logs:

— decrease of the resistivity is a sensitive indicator for 
the increase of the specific surface and, respectively, 
of the measure of fracturing and disintegration;

— decrease of the density is a direct indicator of the 
loosening of the rock;

— decrease of the acoustic velocity also is a direct indi
cator of the loosening of the rock, the resulting mini
ma usually appear in the acoustic wave pattern as 
attenuation, or interruption strips;

— increase of the neutron porosity is an indicator of an 
increase of the water content in the fissures and 
pores of the rock and — in the case of the Uveghuta 
granite — mainly in phyllosilicates, thus, it is an indi
cator for. both loosening and hydrothermal alter
ation;

— borehole televiewer images directly show the frac
ture zones, mostly accompanied by various single 
fractures or fissures.

In the course of date collection several additional fac
tors have been used. The state of the core was the primary 
basis for identifying fracture zones. It came from the obser
vation that broken sections less than 1 m long are not 
always expressed in the geophysical log curves, but all the 
significant resistivity and velocity minima fall on broken 
sections. From broken sections generally more than 1 m 
the state of the core together with the resistivity and velocity 
distribution can always be used for identifying fracture

Table 2
Pattern types in the borehole televiewer images

Pattern type Style of the 
fracturing

Strips/lines*
quantity ratio in the image

Homogeneous uniform - - -
Spotty inhomogeneous - -
Latticed — many strips significant
Reticular - many lines insignificant

* Traces o f the planes crossing the borehole cylinder (in the borehole tele
viewer image which is an unfolded image of the cylinder-jacket of the bore
hole), sinusoids.
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zones. Significant anomalies of the density and neutron 
porosity almost with no exception coincide with fractured 
sections, but fracture zones, even thick ones do not neces
sarily show density and neutron porosity anomalies. That is 
why these two parameters are only used for supplementary 
characterisation of the fracture zones.

In the borehole televiewer images four pattern types have 
been distinguished ( Table 2) which represent a continuous 
sequence in the intensity and style of the fracturing:

1. in the homogeneous type the fracturing is so strong 
that the rock is represented by rubble or sand;

2. in the spotty type the fracturing is strong, but unbro
ken blocks can be recognised in the rock, though 
their contours do not form traceable planes;

3. in the latticed type the rock is dissected by fractures 
in various directions, their planes being mostly 
recognisable and represented by fault gauge or veins 
filled in with secondary minerals;

4. in the reticular type the rock is dissected by fractures 
in various directions, their planes being mostly 
recognisable and closed or represented by thin veins.

The difference between the types is of course not sharp, 
thus, the selection from two neighbouring types may some
times be subjective during classification. The general pic
ture however is not influenced by this inexactness.

In the course of data collection it became clear that the 
section boundaries are not exactly the same in different 
data sets. Possible reasons are as follows:

— in a given fracture zone various effects are combined, 
the boundaries of which do not necessarily coincide 
(e.g. the intensity of the hydrothermal alteration or 
the quantity of the veins can change even within the 
same section such as the intensity and style of the 
fracturing);

— sensitivity of the various geological and geophysical 
methods to the same feature can be different;

— the preciseness of the boundary location in the geo

physical curves depends on the type of background 
to the anomaly: if this background is not constant 
even without any fracture zones, the boundary 
detected is less precise;

— the depth determination in any geological and geo
physical method always contains a certain error;

— the depths from geological and geophysical methods 
can principally shift relative to each other since the 
material connecting the device at depth with the sur
faced not the same (pipes in case of cores and cable 
in case of geophysical logs), and even if the material 
is the same, the observations are not performed syn
chronously.

As a consequence, the depth difference can be of two 
different types: statistical, when the deviations on the upper 
and lower boundaries are of different sense, and the various 
data are dispersed within the same, rather narrow interval, 
and systematic, when the deviations on the upper and lower 
boundaries are of the same sense, and the depth intervals 
from different methods can be better correlated by shifting. 
In the data available mostly statistical deviations have been 
observed, shifts could only been assumed, but usually have 
not been confirmed. The shifts did not appear in more than 
one depth intervals below each other in the same direction 
and with the same magnitude or at least with similar trend.

Fracture zones have been limited by the greatest depth,
i.e. maximum thicknesses have been taken into account. 
The data analysis is demonstrated by that of Borehole 
Uh-2 (Table 3). The analysis resulted in the definition of 
seven categories of fracture zones on the basis of the com
binations of the type of geophysical anomalies, borehole 
televiewer pattern types and of the intensity of the fractur
ing detected in geological logs ( Table 4). These categories 
served a basis for a comprehensive picture of the fractures 
crossed by the boreholes. They are shown for Borehole 
Uh-2 ( Table 5).

In the individual methods, the seven categories shown

Categories of the fracture zones from the correlation of geological and geophysical logs
Table 4

Ca
te

go
rie

s Geology Geophysical log
Acoustic borehole 

televiewer
fracturing

electric
resistivity

acoustic
velocity

acoustic 
wave pattern density neutron porosity

decrease decrease attenuation decrease increase pattern

1. strong strong/medium strong strong strong (relative) strong (relative)
homogeneous/
/spotty/latticed

2. strong strong/medium
(differentiated) strong strong/medium medium/weak

(differentiated)
weak homogeneous/

/latticed

3. medium strong/medium
(relative)

strong/medium strong/medium/
/weak

weak (relative)/ 
/ none

strong (relative) spotty/latticed/
/reticular

4. medium strong (relative) strong/medium weak none weak/none latticed/reticular

5. weak/
/medium weak (relative) weak/none weak/none weak/none weak/none latticed/reticular

6. weak weak none none none weak/none reticular

7. weak none none none none none reticular

In  p a r a n t h e s e s ,  t h e  l o c a l  ( s e e  e x p l a n a t i o n  t o  T a b le  1 )  c la s s i f i c a t i o n .



Classification of the fracture zones in Borehole Üveghuta Üh-2
Table 5

No
Depth interval 

[ml
Geological

features
Resistivity
minimum

Acoustic 
wave pattern, 
attenuation

Acoustic
velocity

minimum

Density
minimum

Neutron
porosity

maximum

Borehole televiewer 
pattern

K

l. 131.0-134.0 fractured weak - - - - reticular 6
2. 152.2-153.8 fractured weak - - - - reticular 6
3. 181.7-184.3 fractured weak weak weak - weak reticular 5
4. 195.0-196.5 broken medium weak weak - weak spotty 4
5. 213.4-215.2 broken medium medium medium strong strong spotty 3

6. 260.0-262.3 heavily
broken strong medium weak strong medium spotty/reticular 3

7. 305.5-312.0 broken/
fractured strong weak medium weak medium reticular/spotty 4

8. 326.7-329.2 fractured medium weak weak weak weak latticed/reticular 5

9. 343.4-351.9 heavily
broken medium medium weak strong strong lattic./spotty./ret. 3

I(). 355.0-358.3 completely
broken medium weak weak strong strong hom ./ lattic./spot. 3

II. 360.4-371.1 heavily
brok./f.br. strong stong stong medium strong hom./lattic./spot. 1

Bold = categories 1-4; in parantheses = maximum instead of minimum, K = category, f.br.= fault breccia, hom. = homogeneous, lattic. = latticed, ret. = 
reticular, spot. = spotty.

in Table 4 follow each other in the sequence of the decreas
ing features characteristic for the fracture zones, i.e. the cat
egorisation mainly reflects an intensity classification. The 
only exception to this is in lower neutron porosity of 
Category 2 than in Category 3. In the light of the consider
ations given in the introduction, this may mean that phyl- 
losilicate alteration is more intense in the fracture zones of 
Category 3 than Category 2. This has not been proven, 
however.

In the classification of the fracture zones differences 
between the geological and geophysical classes only appear 
from categories 3 and 4, and therefore the classification of 
the big fracture zones can be regarded as sufficiently objec-

Categories o f fracture zonea — Töréséé övék kategóriája

Figure 1. Category-thickness plot for the fracture zones

Linear regression indicated

1. ábra. A töréses övék kategóriájának és vastagságának összefüggése

tive. This is also supported by the positive linear correla
tion between the thickness and category of the fracture 
zones (Figure l).

The degree of tectonic fracturing also is an indicator of 
the fracture zones ( M a r o s  and P a l o t á s  1998, 1999). For 
correlation purposes, its values have been arranged into 
classes: peaks above 70%, into 1“, sections with both peaks 
above 70% and between 40-70%, into 2nd, peaks between 
40-70%, into 3rd, and peaks below 40%, into 4th class. A 
positive linear correlation between the classes and cat
egories of the faults is observable (Figure 2). There are, 
however, significant deviations from this rule, i.e. the tec
tonic fracturing is not an unambiguous indicator of the

0 1 2 3 4 5 6 7 8 9  10

Thickness o f fracture zones (m) —  Töréses övék vastagsága (m)

Figure 2. Category-fracturing plot for the fracture zones

Linear regression indicated

2. ábra. A töréses övék repedezettségének és kategóriájának 
összefüggése

Feltüntetve a lineáris regresszió vonala Feltüntetve a lineáris regresszió vonala



Thickness o f fracture  zones (m) — Töréses övék vastagsága (m)

Figure 3. Influx-thickness plot for the fracture zones

Linear regression indicated

3. ábra. A töréses övék vízbeáramlásának és vastagságának 
összefüggése

Feltüntetve a lineáris regresszió vonala

strength of the fracture zones, any more than other individ
ual parameters are.

In a practical sense the fracture zones are important 
from two different viewpoints: they affect the stability of the 
rocks on one hand, and the groundwater flow, on the other. 
The stability of the fracture zones is much lower than that 
of the granites between them, while the groundwater flow 
in the granite is connected with fractures. The latter can be 
very variable, from hair-like cracks up to major fracture 
zones. The correlation of the physical parameters with the 
fracturing in a geological sense results in the predictable 
conclusion that the bigger the fracture zone, the lower its 
stability. The stability decrease can be directly estimated 
from changes in physical parameters.

The role of the fracture zones in the groundwater flow 
is not so clear, and can only be studied with difficulty. Its 
evaluation needs parameters which directly influence the 
groundwater flow. Some of them (e.g. the filtration factor) 
can be determined in borehole sections by hydrodynamic 
testing, others however (e.g. the storativity and the effective 
porosity) can only be computed from data for long sections 
of the fracture zones from cross-hole measurements. In the 
course of the single-hole testing individual data were only 
obtained for the biggest fracture zones. Most of the frac
ture zones are lacking in individual data due to their thick
ness being much less than the length of the test intervals.

In this way the water influxes measured in the boreholes 
only provided data comparable with the parameters of the 
fracture zones. It is frequently thought that the thickness of 
the fracture zones is the most effective indicator of ground- 
water flow, therefore its influence has been investigated. In 
the natural setting there was no detectable (with 0.01 1/min 
detection limit) influx in any of the Üveghuta boreholes.

Influxes only appeared after pumping of water from the 
boreholes, which means after a certain depression. The big
ger the depression, the more the influx, as clearly seen 
from comparison of flowmetry and hydrodynamic test data 
(B alla 2000). In the course of the flowmetry testing, a 
depression needed for influx measurement was created. 
The depression values varied between 0.7 and 43.0  m, but 
mostly were around 15 m.

The influxes are only comparable at similar depression 
values. In the first approximation a linear correlation 
between the depression and influx have been assumed, no 
threshold has been taken into account for starting the flow, 
and a correction was introduced for a 15 m depression. The 
corrected influxes have displayed no correlation with the 
thickness’ of the fracture zones (Figure 3). The assumption 
that the bigger the fracture zone, the higher its conductivi
ty, has not been confirmed. This is in full agreement with 
the observation that the greatest influx in the Üveghuta site 
has been detected on a single open fissure, not on a frac
ture zone.

4. Summary

Of all the parameters determined by geophysical log
ging, the decrease in electric resistivity, density and 
acoustic velocity, as well as the increase of neutron porosi
ty unambiguously detects the loosening and hydrothermal 
alteration of the rocks in at least half of the fracture zones. 
The rest of the fracture zones also display similar correla
tions, but not with all the geophysical parameters. The lat
ter only do not detect the smallest fracture zones. The frac
ture origin of the loose sections is directly confirmed by the 
borehole televiewer images: a densification of the fractures 
and veins is clearly visible in those sections. Hence the geo
physical logging data can be used for detecting fracture 
zones. The four physical parameters create the possibility 
for physical categorisation of the fractures. The categories 
reflect the intensity of the processes which formed the frac
ture zones, but do not serve basis for their classification.

Categorisation of the fracture zones helps in the evalua
tion of the rock stability which is an important parameter 
for siting the repository. From the standpoint of geological 
suitability, the role of the fractures must be evaluated on 
the basis of their conductivity. In that respect it can be stat
ed that the most important parameter of the fracture zones, 
their thickness, practically does not influence the only 
parameter of the conductivity measurable for individual 
fractures, the water influx. Consequently, the relationships 
between fault tectonics and hydrogeology is very weak in 
the Üveghuta site. The hydrogeology can only be evaluated 
on the basis of direct hydrogeological data, and no forecast 
in that field can be given on the basis of geological and 
physical parameters of the fracture zones.
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