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To support the tectonic investigations concerning the final disposal site for low- and intermediate-level radioactive waste, we devel
oped the ImaGeo Mobile Core scanner and the related CoreDump software, with which we scanned and evaluated the granitoid cores 
of Boreholes Uh-22 and 23. The evaluated planar phenomena (that is the objects drawn by the software) were orientated with the help 
of the acoustic borehole televiewer. We applied traditional (stereogram, pole-distribution diagram, etc.) and new (maximum-wandering 
diagram) methods to plot our data.

We distinguished 19 object types in our database, which covers 19 different geological phenomena. We analysed the spatial distribu
tion of all object types, correlated them with each other as well as between the two boreholes. As a result of this we managed to divide 
Borehole Uh-23 into two parts.

We analysed the distribution of striae, determined dislocation zones and managed to reconstruct two old stress-fields which were the 
cause of two dislocation systems.

We analysed the tectonic structure of the rock body, recognised the rotation of the objects and introduced migration as a new phe
nomenon. We explain the origin of the two phenomena together, since we assume that the spreading of the deformation happened along 
a tilted multi-fan system in the granitoid body.

We also analysed the position of the larger fracture zones and determined different fracture-types and determined their tectonic fea
tures. Comparing Uh-2, -3, -4, -5, -22 and -23 we constructed a fracture model for the large fracture zones cutting more than one 
borehole.

1. Introduction

Tectonic studies play an important role in the research 
for the final disposal site for low- and intermediate-level 
radioactive waste when it comes to understanding and 
modelling the geological environment of the disposal site. 
In granitic rock bodies the radioactive waste can migrate 
only along paths such as fractures, cracks and joints formed 
by tectonic forces. Therefore tectonics has to answer ques
tions about the density, location, permeability and quality 
of suitable pathways.

In the previous years we evaluated the cores of Boreholes 
Uh-2, -3, -4 and -5 with this method but in this paper we 
give details mainly about the results of the evaluation of 
Boreholes Uh-22 and Uh-23 drilled in 1998-99. Due to 
size constraints we present only the most important results 
and report only a summary of our conclusions. A more 
detailed description can be found in Maros and Palotas 
(1999) and Maros et al. ( 1999).

We described the cores of Boreholes Uh-22 and 
Uh-23 visually and also scanned the cores for tectonic 
evaluation and now present the main results of analysing 
the planar phenomena.

2. Method

First we describe the Hungarian ImaGeo Mobile Core
scanning System and the working methods. Data is digit
ised and evaluated the immediately on the spot of the dril
ling with the help of the core scanner and the computers 
installed in the equipment van. The core scanner transfers 
the raster image recorded in the optical range by a digital 
camera unit into the evaluating computer. We analyse the 
254 dpi resolution images after setting, saving and archiv
ing them with the help of the evaluating software modules. 
Since during scanning we digitise the surface of the whole 
core (maximum 80 cm long and 20jc cm in diameter), the 
planar elements (such as fractures, veins, etc.) appear as 
sinuous lines. Approximately -11% of the cores could be 
scanned. Comparing the scanning rate with the quantity of 
the information obtained we can conclude that the record
ed number of data is suitable for the statistical evaluation 
of the cores.

The images obtained by scanning have been evaluated 
by CoreDump software. Initially the geological features 
were drawn in vectorial form onto the images: fractures, 
rock boundaries, carbonate veins, quartz veins, microgran
ite veins, shear zones, foliation, limonitic infillings, argilla-



ceous infillings, altered zones, etc. These evaluated ele
ments will be called objects in the following. The individual 
object types were collected in a database. The software 
gives the dip, azimuth and depth of the evaluated object in 
relation to a chosen marker, such as a local co-ordinate sys
tem fixed to the core. In Boreholes Üh-22 5168 and Üh-23 
2843 objects have been analysed.

The next stage of the evaluation is the re-orientation of 
the marker zones into the real co-ordinate system. For this 
the acoustic borehole televiewer image was used. This 
image can be visualised in CoreDump software as well as 
the evaluated objects.

Several statistical programme modules aiming at tec
tonic analysis can be run on the objects that have been re
oriented. These are stereogram, rose diagram, tadpole dia
gram, pole-distribution diagram and maximum-wandering 
diagram. Since the calculation of the pole-distribution dia
gram was done following new procedures, and the max
imum-wandering diagram is a completely new method, we 
present them in more details.

The pole-distribution diagram is used for plotting the 
pole density of the stereogram. The pole distribution is a 
function that is interpreted on the hemisphere and defined 
by a plane or a pole set, that shows the number of poles 
falling in the vicinity of a given direction. The function is 
continuous since it comes from the sum of the “potential 
functions” of the poles belonging to the set in a given direc
tion.

The pole-distribution diagram plots the function defined 
on the hemisphere in the stereogram, that is on the horizontal 
stereographic projection of the hemisphere. Different 
colours indicate different values in the diagram. The plotting 
is histogram balanced which means that the colours depend 
on the density of the values and so the diagram offers max
imal visual information about the given pole distribution. 
The relationship is not necessarily linear between the colour 
scale and the function values. The scale drawn beside the 
diagram gives information about the frequency values.

The stereogram, the rose diagram and the pole-distribu
tion diagram are made separately from different depth 
intervals of the borehole or from the entire log. That is why 
it is difficult to plot the depth-dependency of the distribu
tions on them, and to plot a large number of diagrams after 
each other can be uninterpretable and confusing.

As a solution for this problem we developed the max
imum-wandering diagram (Figure /), which is azimuth and 
dip correct in a way similar to the pole-distribution diagram 
and the stereogram, and besides shows the depth-depend
ency of the density maxima. The pole distribution has one 
or more maxima in a given section of the borehole. If this 
section is shifted along the borehole the distribution as well 
as the maxima will change. The length of the section and 
the steps can be changed. The maximum points are plotted 
sequentially in the maximum-wandering diagram. The max
imum points of the sections which follow each other are 
linked with a line when they fall close enough to one an
other, so expressing their connection. Maximum points de

rived from one pole are not shown in the diagram. The dia
gram shows information about the depth with the help 
of colours. The colour of a dot refers to the depth where 
the pole distribution maximum is in that direction. Here 
the colour scale is linearly related to depth.

The different objects are separated in a database after 
evaluating the images so that it becomes possible to analyse 
their distribution separately. First the spatial differences of 
the objects are examined showing the nature of the distri
bution of the azimuths and dips, as well as in their change 
at depth. Migration (M a ro s  and Pa lo ta s  1998) can be 
detected in the depth-dip angle relation, for example in the 
case of striae, fractures and carbonate veins. The point is 
that the dip angle of a phenomenon changes radically with
in a relatively short depth interval (for example the angle of 
the striae within a strike-slip zone decreases from 70° to 35° 
within one metre). This change can be systematic (e.g. the 
dip angle gets progressively steeper) or random. Rotation is 
just the opposite, in the sense that the azimuth of a phe
nomenon turns as much as 50-60° (rotation occurs most 
significantly with foliation and fractures, cracks) while it 
keeps its dip angle approximately constant. The migration 
is usually systematic, and can be clockwise or counter
clockwise. It is impossible to arrange the migrations in an 
accurate time or depth sequence. The different objects 
were stored in the database separately, and occupied their 
final position after rotating and moving them according to 
the borehole televiewer image. The different object types 
correspond to the properties of the rock so their uniform 
or chaotic distribution is characteristic of the history of the 
rock. As a result, the distribution of the main observed 
property types are shown and analysed in this paper.

The cores were the subject not only of core-scanning 
analysis, but also of visual tectonic description. During this
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we observed and recorded all tectonic elements and infill
ings, even in the non-scannable sections of the core. This 
proved to be a great help in evaluating the tectonic zones.

3. Observed and evaluated phenomena

In the following we present the planar phenomena that 
were found and evaluated in the scanned images. Only the 
definitions of the evaluated phenomena are given here, and 
the results are shown in Table I.

Rock boundaries are defined as boundaries between 
separable rock types on the basis of colour, texture and 
rock quality. In most cases this boundary was planar. The 
genetics of the rock boundaries cannot be identified com
pletely but they may reflect the variability of the rocks 
before granitisation.

The width of the microgranite veins varies between a 
few cm and a few m. Their relatively homogeneous distri
bution is surprising since these veins had been often 
thought of as lense-shaped or wedging, although persistent
ly planar (although forking) veins can be observed in the 
relatively large Erdosmecske quarry.

The group of quartz veins in all probability comprises 
several types from a genetic point of view: quartz could pre
cipitate from the residual magma, or be metamorphic quartz, 
or a hydrothermal quartz infilling. These are impossible to 
distinguish in the scanned images so the quartz veins are 
discussed as one group.

The planes of red feldspars indicate a category of planar 
phenomena along which red-coloured, usually cloudy 
feldspars are found, different in colour to the surrounding 
pink feldspars. The genesis of the planes of red feldspars 
has not been explained yet, though probably ferric staining 
causes the red colour. Fissures are not always visible to the 
naked eye along the planar elements but in thin sections 
micro-cracks can be noticed. The uniform distribution of 
the planes suggests identical formation and genesis where
as the phenomena turned out to be multi-phased in time 
( M a r o s  and P a l o t As 2000) and even genetic variability 
cannot be excluded.

The dip angle and strength of foliation vary along both 
boreholes. At least two generations can be distinguished 
that are different from each other in terms of azimuth.

Fractures and fine cracks played an important role in 
our investigations from tectonic point of view. Some of the 
fractures resulted from the mechanical forces associated 
with drilling and recovery of the cores, while another part 
of the fractures result from stress release. These fractures 
were either not evaluated or filtered out from the statistics.

The evaluation of fractures investigated so far has 
proven difficult. There are a huge number of fractures 
when we look in detailed, so the borders between the dif
ferent fracture groups merge or overlap, and it is difficult to 
separate them. However, during the evaluation of the 
scanned images it is impossible to class the objects into 
geometric groups without knowing the distribution trends.

Despite this we tried to distinguish somehow the fractures, 
so the tectonic phenomena of lesser importance were 
called “fine cracks”, the ones of greater importance were 
called “fractures”. Even this did not prove to be an effective 
distinction because slickenslides could often be found on 
the walls of fine cracks, so all statistical analyses were car
ried out on both groups together.

The planes of altered feldspars contain the planes along 
which the feldspars are partly altered. This usually means a 
loss of colour compared to the surrounding feldspars. They 
formed in all probability as a result of water circulating 
along the fractures. The phenomenon is usually restricted 
in extent in that it alters only a few mm of the feldspars, 
and its age is indeterminate.

The following infillings were found during scanning:
Carbonate infillings form the major part of the infill

ings in both boreholes. The most significant, more than 5 
mm wide carbonate veins were also marked separately. The 
basis of separating the thick carbonate veins had been their 
size originally, but in several cases even time sequences 
could be determined between thin and thick carbonate 
veins ( M a r o s  and P a l o t á s  2000). Overgrowth calcites prob
ably represent the youngest generation of carbonate infill
ings. They usually form clear, small, mm-sized crystal 
crusts on the wall of the fractures. The carbonates in most 
cases had healed the fractures so that they could be 
scanned, while calcite crystals could only be noticed in 
small vugs. In these places the fractures are certainly open 
at depth. Naturally we have no data about the permeability 
of these fractures. Thin sections of these carbonate infill
ings suggest that genetically first the carbonates were dis
solved from already existing carbonate veins and then re
precipitated from surface waters ( S z a b ó  1999).

Chlorite also plays an important role among the infill
ings. Since chlorite most often forms a thin film on the 
walls of the fractures only the thicker chloritic infillings or 
chloritic zones were possible to identify in the scanned 
images. It is interesting that the distribution show only a 
weak similarity with the foliation, even though chloritisa- 
tion of the phyllosilicates could have occurred. On the 
other and a definite similarity can be noticed with the dis
tribution of fractures filled with different ferric minerals. 
This can probably be explained by the total or partial oxidi
sation of the chloritic infillings. Their relationship is con
firmed by a similar distribution at depth.

Two types of Fe-oxide/oxihydroxide infillings were found 
in the cores which could be easily divided into two groups 
on the basis of their colour; a rust-coloured {yellow Fe-oxi- 
hydroxide) and a dark brownish-red {red Fe-oxide/oxihydrox
ide) infilling group. Both cover the walls of the fractures as 
thin coatings, so they are rarely seen in the scanned images. 
The distribution of the yellow Fe-oxihydroxides strongly 
resembles that of the carbonate veins so the formation of 
the two are probably close to each other. The strike distri
bution of the red Fe-oxide/oxihydroxide infillings nicely fol
lows the distribution of the fractures, the carbonate veins 
and the yellow Fe-oxihydroxides, which may indicate that



Table 1
The main distribution directions of the phenomena, and the major trends of their change with depth in Boreholes Uh-22 and Uh-23

Phenomenon Borehole Number 
of data

Main strike 1
n

Main strike2
n

Secondary
strike

[°]

Main
azimuth/dip 1

n

Main
azimnth/dip2

n

Secondary 
azimuth/ 

dip [°]

Max.
pole

number

Max.
%

Üh-22 39 75-255 110-290 165/63 5.7 14.6
Rock There are not enough data to determine their trend with depth.
boundary Uh-23 80 345/30 7.1 8.9

No particular trend with depth can be observed.
Uh-22 188 1 30-210 60-240 105/30 345/40 16.4 8.7

M ic rn a ran ite Their number increases below -65 m.
Uh-23 128 60-240 340/70 16 12.5
Their number suddenly increases below 100 m. The data show slight migration.

Quartz Uh-22 88 90-270 45-225 10/65 6.5 7.4
Uh-23 17 2.2 12.9
Üh-22 102 130-310 45-225 40/72 13.1 12.8

Planes 
of red

They are present all along the borehole but they are absent between (-60)- 
slight migration.

125 m. The data show rotation and

feldspars Uh-23 135 140-320 50/70 21.4 15.9
They are present all along the borehole except between 75-40 m. The data show rotation and migration.
Uh-22 . 124 120/20 13 10.5

riaues ui
altered
feldspars

They first appear at 80 m, grow denser between 8 0 -(-125) m but practically disappear below -125 m.
Uh-23 217 245/71 16.3 7,5
They first appear at 155 m, most of them can be found between 155-0 m and can be traced down to the bottom.
Uh-22 194 70-250 160/65 330/70 90/65 1 21.3 11.0
The NW azimuth is present all along the borehole. The data show strong rotation.
Uh-23 321 70-250 150/60 51.4 16.0
Below 90 m almost only the SE dipping foliation planes appear. The data show strong rotation.
Uh-22 2421 45-225 150-330 340/40 162.4 6.7
The maximum points group in the 0-30° and in the 50-70° dip-range. The data show rotation and migration.

Fractures
and fine 
cracks

Uh-23 1339 30-210 135-315 180/30 120.5 9.0
Two separate maximum-fields stand out in the diagram: 285/15° and 30/13° (principally near the surface). 
The main, southward dipping maximum is characteristic of the whole drill core.
The data show rotation and migration.

Uh-22 929 60-240 140/50 340/50 SW 89.2 9.6
Fine Their trend with depth shows no difference from the trends combined with the fractures.
cracks Uh-23 829 185/38 295/45 30/70 70.5 8.5

Their trend with depth shows no difference from the trends combined with the fractures.
Uh-22 1492 280/28 330/40 340/50 90.2 6.0

F ra c tu res Their trend with depth shows no difference from the trends combined with the fine cracks.
Uh-23 510 165/40 260/60 330/50 51.8 10.2
Their trend with depth shows no difference from the trends combined with the fine cracks.

sinistral 75-255 140-320 5-185
dextral

Uh-22 324 15-195 75-255 145-325
normal 75-255 120-300 210/50 170/65
inverse 60-240 135-315 150/50 220/55

t-i
cn
e'ifi
ifico

Almost uniform in all depths but above 0 m the average number of the striae is about one and a half times larger 
than below 0 m. This increase is especially true of the inverse striae, where the number is five times larger. ,
The data show migration. The distribution of displacement types with depth and the analysis of the paleostress 
field are given in the text.

oo sinistral NW-SE N-S
ifi

5 dextral
Uh-23 102 NW-SE ENE-WSW

normal NE-SW
inverse ESE-WNW

The data show migration. Above 95 m the number of the striae increases five times as below 95 m.
The distribution of displacement types with depth and the analysis of the paleostress field are given in the text.



Table 1 cotinuation

Phenomenon Borehole Number 
of data

Main strike 1
n

Main strike2
n

Secondary
strike

n

Main
azim uth/dipl

n

Main
azimuth/dip2

[°]

Secondary 
azimuth/ 

dip [°]

Max.
pole

number

Max.
%

Üh-22 1331 NW-SE NE-SW NNE / 
60-70 76.9 5.8

The maximum wandering is fairly similar to the fractures. The number of data is 6251 from visual description, but there are fewer

Carbonate
carbonate veins with a uniform distribution above 150 m and more carbonate veins with similarly uniform distribution below 150 m.

veins Üh-23 446 NW-SE NE-SW 200-
160/30-40

245/65 50/68 27.1 6.1

They group in the middle and lower part of the borehole, most of them below 120-100 m. There are 1770 data 
from visual description, their number increases suddenly between 85-90 m.

Thick
Uh-22 65 100-280 20/75 8.8 13.5
No particular trend with depth can be observed.

veins Üh-23 22 180/65 225/55 W/70 4.1 18.6
There are not enough data to determine their trend with depth.

Overgrowth Uh-22 28 115-295 195/60 4.1 14.6
calcite There are not enough data to determine their trend with depth.

Uh-22 75 NW-SE NE-SW 40/80 160/75 7.5 10.0

Chlorite

No particular trend with depth can be observed. There are about 3200 data from visual description, there are 
numerous data between 135-85 m, their number decreases between 80-(-5) m, then increases again until (-175) 
m. and then down to the bottom they are less common.
Uh-23 45 NW-SE 210/65 7.4 16.4
There are not enough data to determine their trend with depth. There are about 750 data from visual description, 
the distribution of data is uniform, their number increases between 85-90 m.
Üh-22 56 N-NNE

/60-70
7.9 • 14.1

Yellow
Fe-

No particular trend with depth can be observed. There are about 1000 data from visual description, their number 
decreases downward.

oxihydroxide Üh-23 21 NW-SE 255/65 45/70-80 3.4 16.2
There are not enough data to determine their trend with depth. There are about 1000 data from visual description, 
there are only a few data below 85 m.
Uh-22 131 ESE-WNW NW-SE 15/75 55/75 15.4 . . 11.8

Red
Fe-oxide/

No particular trend with depth can be observed. There are about 1500 data from visual description, 
the distribution is fairly uniform but their number grows downwards.

oxihydroxide Uh-23 17 ESE-WNW NW-SE 15/75 205/30 4.1 24.1
There are not enough data to determine their trend with depth. There are about 200 data from visual description, 
the number of data increases at the bottom of the borehole.

The maximum pole number column indicates the number o f poles falling into the maximum places of the diagram, the Max, % column indicates the ratio 
between this number and the number of all the poles plotted in the diagram in percent. The trend of data with depth is given on the basis o f the maximum
wandering diagrams and the visual tectonic description. The trends with depth are given with text below the numerical data of the distributions, the num
bers in the text come from the visual description.

the planes of an infilling group later re-juvenated and the 
ferric minerals were altered. The planes of red feldspars 
show a very similar picture that might indicate a connec
tion between the two phenomena, and that the feldspars 
are stained along planar zones by ferric minerals migrating 
along the micro-cracks or the borders of minerals.

4. Planes bearing striae

For scanning the striae that indicate displacements, a 
new and efficient method was introduced making it pos
sible to evaluate striae otherwise invisible for the core scan
ner. During the tectonic description we marked the striae 
on the core-surface. After scanning, the exact orientation 
of the striae could be determined. The striae can be of nor

mal, inverse, sinistral and dextral nature depending on the 
relative direction of the movement. We also distinguished 
transitional groups (e.g. sinistral-inverse, dextral-normal), 
but these occur in relatively small number so they cannot 
be analysed statistically. Here we deal only with the four 
major types. The striae were used in three ways during the 
evaluation: (1) we determined fault zones on the basis of 
striae of the same character occurring over a distinct depth 
interval; (2) we qualified the tectonic zones determined 
on the strength of the visual tectonic and geological de
scriptions, and the geophysical methods with the help of the 
striae found in the zones; (3) we tried to distinguish old 
stress fields by analysing the distribution of striae.

The two boreholes were rather different considering the 
number of striae. Borehole Üh-22 contained far more striae 
(324 pcs) than Borehole Üh-23 (102 pcs), and in the



Figure 2. Stress fields on the hasis of striae in Boreholes Üh-22 and Üh-23

Blue line = dextral, red line = sinistral, green line = normál, black line = inverse

2. ábra. Elkülöníthető erőtérrendszerek vetőkarcok alapján az Üh-22, -23 fúrásban

Kék vonal = jobbos, piros vonal = balos, zöld vonal = normál, fekete vonal = inverz

TYPES OF DISLOCATIONS — AZ ELMOZDULÁSOK TÍPUSAI
Undetermined horizontal 
Meghatározatlan vízszintes elmozdulás 
Undetermined vertical 
Meghatározatlan függőleges elmozdulás

25  50  75  100 125 150 175 200  225
m a.s.l.

TYPES OF STRIPS — A PÁSZTÁK TÍPUSAItszf m
Sinistral
Balos

A  Sinistral-normal 
Balos normál □

Dextral
Jobbos

a  Dextral-normal 
~  Jobbos normál o

Normal
Normál

Sinistral-inverse 
Balos inverz

Inverse
Inverz

^  Dextrakinverse 
Jobbos inverz

O Sinii
Bak
Sinistral
Balos

Inverse strip 
Inverz

Dextral strip 
Jobbos

Normal strip 
Normál

Mixed strip 
Vegyes

1 2  Strip number
■L s  A paszta sorszáma

Figure 3. Distribution of dip of fractures bearing striae in Borehole Uh-22 plotted against depth

The striae have different colours and symbols, the dislocation strips are separated with colours

3. ábra. Az Üh-22 fúrásban észlelt vetőkarcokat hordozó síkok dőlésszöge a mélység függvényében

A vetőkarcok értelmük szerint színezésükben és jelükben, a megállapított elmozdulási paszták színükben különülnek el egymástól
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latter 18 were of uncertain character. So we relied mainly 
on Borehole Uh-22 for stress field analysis. In this bore
hole several unambiguous observations were possible con
cerning the time sequences ( M a r o s  and P a l o t As 2000).

The data structure of the two boreholes seems to be 
similar in spite differences in the number of data. We 
analysed the statistics for both pure shear and simple shear 
( C s o n t o s  1998) and managed to distinguish two relatively 
clear systems (Figure 2). One is a Mohr system with a dex- 
tral component of 15-195°, a sinistral component of 
75-255° and an inverse component of 135-315° strike. The 
main stress axis (cr,) is NE-SW. The other one is a simple- 
shear, sinistral system of which the two sinistral compo
nents (P and R fracture) are 5-185° and 140-320°, the 
dilatation direction is 120-300°, while the strike of the 
inverse striae group is 45-225°. The main stress axis (c^) 
of this system is NW-SE.

From the distribution of all measured strikes (Table 1) 
it can be found that the planes with lateral dislocation run 
in similar directions. This makes it fairly probable that the 
strike slips were reactivated in the geological past — the old 
dextral systems reactivated as sinistral ones follows the 
same main directions. The strike directions used by the lat
eral movements might, for example, have been inherited 
from foliation.

The distribution of striae with depth indicates disloca
tion zones of different tectonic character. Here we show a 
graph for Borehole Uh-22 (Figure 3), while in the case of 
Borehole Uh-23 we give only the data (Table 2). We note 
that in Figure 3 the separation of zones happened on a 
more detailed scale. We plotted the striae of the different 
zones in stereograms and assigned azimuth and dip to the 
zones where it was possible (Table 2). Figure 3 shows a 
phenomenon also characteristic for other data. The planes 
belonging to the same zone scatter in dip angle but not 
with depth (migration).

5. Correlation of phenomena 
between the boreholes and each other

In what follows we compare the main phenomena of 
the two boreholes with the help of Table 1 and Figure 4. 
Depending on distribution, either both a main strike and a 
main azimuth, or only one of them could be determined. 
Some of the phenomena have such dispersion that three 
azimuths or dips could be identified. In these cases the 
maxima were organised in series on the basis of the num
ber of data. The last two columns of Table 1 indicate the 
certainty of the determination of the distribution maxima. 
The first column shows the number of poles falling into the 
maximum point(s), while the second column shows the 
ratio of this number to all the poles plotted in the diagram 
in percentage.

The depth dependency of the data was examined on the 
basis of the maximum-wandering diagrams and the visual 
tectonic description. This is summarised in Table 1 in the

lower row of the descriptions of the phenomena. Where the 
visual tectonic description was also used, the number of 
data that helped our conclusions can be different from the 
number of scanned data. This number is also indicated in 
these rows of the table.

The rock boundaries do not correlate in the two bore
holes.

The microgranite veins formed in at least two time phases. 
Their strikes are similar in both boreholes: NE-SW. The 
difference lies in the azimuths, since in Borehole Uh-23 
the veins dip mostly towards NW while in Borehole Uh-22 
both azimuths occur. Below 100 m asl. the number of veins 
increases.

The quartz veins do not correlate in the boreholes, 
which might be because of too few data. Several phases can 
be distinguished in time, which is obviously due to the fact 
that the quartz can form in numerous ways: it can precipi
tate from the residual microgranite magma, but it can also 
be mobilised under the influence of pressure and dynamo- 
metamorphism, and can precipitate as quartz veins and 
lenses. On the scale of scanned data these two groups can
not be subdivided.

The planes of red feldspars were formed in several time 
phases, resulting from two possibilities for their genesis, 
and so the group is not homogeneous from a database-hand- 
ling point of view. Some of the feldspars can be connected 
to fractures and fine cracks and are stained by ferric min
erals, and another part belongs to later Fe-stained red 
K-feldspars. Their distribution is fairly homogeneous and is 
very similar in both boreholes (NW-SE strike, mainly NE 
azimuth) so their formation was probably controlled by 
tectonic processes.

The planes of altered feldspars cannot be correlated in 
the two boreholes. They occur very rarely below -125 m 
asl., but this can be caused by the petrological changes in 
the rock, namely that below this level contains only minor 
feldspars.

The strike of the foliation is the same characteristic 
ENE-WSW direction in both boreholes, so the feature is 
homogeneous and correlates well. The strike distribution 
hides two characteristic azimuths. Beside these, a third, NE 
azimuth also occurs less prominently, but it might originate 
from the original petrological inhomogeneities of the par
ent rock. In time several phases can be distinguished 
( M a r o s  and P a l o t As 2000) but only a few observations 
are available for the geometrical classification. The distri
bution shows an interesting change in Borehole Uh-23, on 
the basis of which the borehole can be divided into two 
parts. Strong migration ( M a r o s  and P a l o t As 1998) is 
characteristic of both boreholes in the maximum-wander
ing diagrams.

As for the fractures the two boreholes are significantly 
different. In Borehole Uh-22 the fractures and fine cracks 
contain different, probably overlapping, plane groups. The 
main azimuth is NNW with its pair at SSE, as well as a less 
prominent SW direction. The fractures and the fine cracks 
differ less in Borehole Uh-23. It has a one-pole southward
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Figure 4. Pole-distribution diagrams of the planar elements of Boreholes Üh-22 and Üh-23, lower hemisphere projection

4. ábra. Az Üh-22 és Üh-23 fúrásban elkülönített síkszerű jelenségek póluseloszlási diagramjai, alsó félgömb vetületben
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Figure 5. Pole-distribution diagrams of the planes bearing striae 
of differenttype in Boreholes Üh-22 and Üh-23, lower hemisphere 

projection

5. ábra. Az Üh-22 és Üh-23 fúrás különböző értelmű 
vetőkarcokat hordozó síkjainak póluseloszlási diagramjai, 

alsó félgömb vetületben

dipping plane system. We observed several phases among 
the fractures and fine cracks (Maros and Palotás 2000).

The number of dislocation data is rather different in the 
two boreholes, but they can be correlated. Similarities in 
strikes make the possibility of multiple rejuvenation proba
ble. Data of both boreholes show migration (Maros and 
Palotás 1998). Their change with depth is similar to foliation 
changes in the sense that the number of data in Borehole 
Üh-23 below 80 m asl. dramatically decreases and the distri
bution changes. The trends observed in the two boreholes for 
all striae with the same characteristics are emphasised because

of the correlation (Figure 5). This allows interesting deduc
tions to be made about the spatial orientation of the striae with 
different characterisitcs. More reliable deductions can be 
drawn from Borehole Uh-22 again. The faults using mostly 
NNW dipping planes show a good correlation with one 
foliation group and the microgranite veins. Interestingly 
they show a correlation with the less important foliation 
direction. Of course if we consider seperately the distribu
tion of the different striae the image is more complicated. 
It turns out that the above mentioned correlation is best 
shown by the inverse and the sinistral faults, and to a lesser 
extent by the normal faults. This latter and the inverse 
faults are related to the distribution of the planes of red 
feldspars. The distribution of the dextral faults rather scat
ters and groups in zones. An interesting correlation can be 
noticed between the azimuths of the inverse and the normal 
faults. Their distributions are diffuse, which may be the 
result of migration (Maros and Palotas 1998).

Carbonate veins are the most frequent and thickest 
infillings, but they represent only 0.7% of the granitic rock 
body. Naturally their distribution follows that of the larger 
fracture zones, and since the distribution of the fracture 
zones varies considerably in the two boreholes, this is 
reflected by the distribution of the carbonate veins. It is 
interesting to note that the azimuths correlate with the frac
tures, but the carbonate veins are steeper than the frac
tures. A SE-NW and a less significant NE-SW strike is 
apparent in both boreholes. However in Borehole Uh-22 
the carbonate veins mostly dip steeply NNE at 60-70° but 
in Borehole Uh-23 some of the carbonate veins dip south 
at 30-40°, as well as form a group of NW-SE striking steep 
planes. The stereographic image of the thick carbonate veins 
does not correlate in the two boreholes, but similarities can be 
found. The main maxima show a steep dip so we connect them 
to lateral movements and shear tectonics that caused signifi
cant deformation. The youngest generation of the carbonate 
veins are the overgrowth calcites. Despite the few data their 
distribution is homogeneous and resembles that of the car
bonate veins. Probably these carbonates first dissolved from 
already existing carbonate veins and later re-precipitated

The chlorite infillings are found along SE-NW and less 
importantly along NE-SW striking, usually steep (60-85°) 
planes in both boreholes, and more distinctly dip towards 
SW in Borehole Uh-23. It is interesting to note that the 
distribution shows little similarity with the foliation, where
as a definite similarity can be seen with the distribution of 
the fractures filled with different ferric minerals. A genetic 
connection can be assumed with the red Fe-oxide/oxi- 
hydroxide infillings, which were probably formed when the 
chlorite was oxidised. At depth there is a relationship with 
the carbonates and the different Fe-oxide/oxihydroxide 
infillings.

The distribution of the yellow Fe-oxihydroxides does not 
correlate in the two boreholes. Since there are only very few data, 
similarities with other objects cannot be confirmed, either.

The distribution of the red Fe-oxide/oxihydroxides shows 
some similarities between the two boreholes, but more



important is their correlation with other phenomena. In 
Borehole Uh-22 their distribution follows the distribution 
of the fractures, carbonate veins and chlorite infillings. 
Moreover, the planes of red feldspars show a very similar 
picture, as we expected, which confirms their genetic rela
tionship. In Borehole Uh-23 the red Fe-oxide/oxihydrox- 
ides show a relationship with the chlorite infillings and the 
red feldspars. At depth they correlate with the carbonates 
and the chlorites.

6. Dividing Borehole Uh-23 into two parts

One interesting tectonic result was the division of 
Borehole Uh-23 into two blocks between 78-93 m asl., on 
the basis of consequent changes in derived properties and 
correlation of the objects ( M a r o s  and P a l o t a s  1999, 
M a r o s  et al. 1999).

The determination of the border zone is naturally 
dependent on the variation of data density for the different 
objects, while the presence of some of the objects (for 
example the planes of altered feldspars) depends on the

petrological environment. The most significant carbonate, 
chlorite and red Fe-oxide/oxihydroxide peak is between 
80-90 m asl. In the case of the microgranite veins there is a 
change in the number of data at about 97 m asl. from 
where the density of veins increases downwards. The 
planes of red feldspars also change between 78-85 m asl. 
The foliation shows a drastic change in azimuth as well as 
in number of data at 90 m asl., while above this level both 
azimuths mentioned above occur, but the NW azimuth 
dominates. There is a decrease in number of fracture data 
below 75-80 m asl. The carbonate infillings show a tempo
rary decrease in number of data below 80 m asl. but we do 
not consider this diagram very significant because the 
change is small. However the en-echelon carbonate veins 
change radically below 93 m asl. Related to this there is a 
significant change in the striae from 90 m asl. downwards 
starting from a sinistral strike slip. We include this zone 
among the large fracture zones at 92.2-93.2 m asl. with 
about 250-270° azimuth and 80° dip (Tables 3 and 4). On 
the basis of this evidence, we conclude that Borehole 
Uh-23 is divided by a tectonic fracture zone between 
78-93 m asl. The zone probably consists of two parts, one

Table 3

Fracture zones and water influxes in Borehole U h-22

Serial
number

Depth
[m]

Altitude 
[m asl.) Orientation Striae Description

Striae ratio 
numbers of 

the
dislocationstop bottom top bottom azimuth [°] dip [°] pitch [°] character

i 90.0 91.3 191.2 189.9 - - - - fracture zone _
2 94.2 99.5 187.0 181.7 - - - - fracture zone -
3 115.8 118.7 165.4 162.5 - - - - fracture zone -
4 132.6 133.5 148.6 147.7 40-50? 80 80 n dislocation zone 2/1/0
5 138.1 140.0 143.1 141.2 115-120? 70 80 n dislocation section 4/3/1
6 156.6 168.8 124.6 112.4 30, 225? 80, 60 45-50 d-dn fracture zone + dislocation zone 20/11/9
7 170.8 173.6 110.4 107.6 340-355? 62 15 d dislocation section 3/2/2
8 178.4 187.0 102.8 94.2 . 350, 285? 75 15 d fracture zone + dislocation zone 9/5/4

9 203.5 212.0 77.7 69.2 160-190?,
10-20 48 80 i, n dislocation zone 18/8/7

10 215.0 215.6 66.2 65.6 35, 205? 80 - - tectonic zone -
11 220.5 223.5 60.7 57.7 350, 10? 65 20 s dislocation zone 14/8/7
12 226.1 234.5 55.1 46.7 SE?, NW? 50 70 i fracture zone + dislocation zone 16/8/5

13
238.8 245.4 42.4 35.8 12 70 - - fracture zone -
238.8 245.4 42.4 35.8 18 44 - - fracture zone -

14 256.7 264.7 24.5 16.5 240? 78 20 d dislocation zone + fracture zone 18/8/8
15 276.0 278.5 5.2 2.7 140? 65 55 i fracture zone + dislocation section 1/1/1
16 281.5 282.5 - 1mO

355, 175? 70 70 n dislocation section 3/2/2
17 290.5 301.3 -9.3 -20.1 ? 70 35 d large fracture zone -
18 305.7 308.3 -24.5 -27.1 - - - - fracture zone -
19 364.0 365.0 -82.8 -83.8 ? 58 36 s water influx 1/1/1
20 369.0 370.0 -87.8 -88.8 - - water influx -

21 374.4 374.7 -93.2 -93.5 - - - -
water influx fracture zone 
+ dislocation section 3/2/?

381.4 386.9 -100.2 -105.7 150-200? 78? . 52? sn tectonic zone + dislocation zone -
22 493.5 496.2 -212.3 -215.0 345, 165 70 n tectonic zone + dislocation zone 15/9/8

? = uncertainty o f data, -  lack of data; s = sinistral, d = dextral, n = normal, i = inverse, si = sinistral inverse, sn = sinistral normal, dn = dextral normal, di 
= dextral inverse. S tr ia e  ra tio  n u m b e r s  o f  th e  d is lo c a tio n s :  The first number indicates the total number of striae found in the zone, the second number indi
cates the striae parallel to the plane o f the same azimuth as the zone and the third number indicates the striae parallel to the zone and of the same char
acter as the zone.
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Serial
number

Depth
[m]

Altitude 
[m asl.] Orientation Striae

Description
Striae ratio 
numbers 
of the dis
locationstop bottom top bottom azimuth [°] dip [“] pitch [°] character

23 96.8 97.7 180.4 179.5 90?, 265? 80 30 di dislocation zone —

24 109.3 112.9 167.9 164.3 282 61 50 di fracture zone + dislocation zone —

25 117.0 118.5 160.2 158.7 - - - - fracture zone —

26
123.0 125.0 154.2 152.2 145-155? 70 65 di fracture zone + dislocation zone —

123.0 125.0 154.2 152.2 145-155? 70 8 d fracture zone + dislocation zone -

27 131.2 138.5 146.0 138.7 250, 120? 80 15 s dislocation zone + tectonic zone 4/3/3
28 146.3 150.9 130.9 126.3 30? 70 10 d dislocation zone 4/3/3
29 158.0 159.4 119.2 117.8 ? 75 38 si dislocation zone 3/3/1

30
164.1 165.6 112.7 111.6 - - -  ■ - water influx —

169.3 170.3 107.9 106.9 235-257? 70 20 d fracture zone + dislocation zone 4/2/2
31 184.0 185.0 93.2 92.2 250-270? 80 23 s dislocation section —

32 222.5 223.2 54.7 54.0 350, 10? 65 20 - water influx -

? = uncertainty o f data, -  lack of data; s = sinistral, d = dextral, n = normal, i = inverse, si = sinistral inverse, sn = sinistral normal, dn = dextral normal, di 
= dextral inverse. S tr ia e  ra tio  n u m b e r s  o f  th e  d is lo c a tio n s :  The first number indicates the total number o f striae found in the zone, the second number indi
cates the striae parallel to the plane of the same azimuth as the zone and the third number indicates the striae parallel to the zone and of the same char
acter as the zone

between 78-85 m asl. and an upper part between 92-93 m 
asl. We think the lower part less important as a tectonic 
border because a thick microgranite vein renders the inter
pretation less certain. The microgranite vein can cause 
fracturing and infilling peaks because its brittle nature. This 
lower zone can probably be considered as the accompany
ing zone of the main fracture zone between 92-93 m asl.

Naturally the question arises whether Borehole U h-22 
is situated below or above this zone, on the basis of its dis
tributions, and whether it supports the supposed strike 
direction. Unfortunately this question cannot be answered 
on the basis of the foliation, while the distribution of frac
tures and carbonate veins is so different in the two bore
holes that they cannot be compared. However the number 
and distribution of the striae above the zone show similari
ties with what we see in Borehole Uh-22. So we suppose 
that Borehole Uh-22 is situated — probably with the con
tributions of other tectonic elements — above the zone. 
Consequently the azimuths of 270° and 330° can be exclud
ed so the other extreme value remains, namely the azimuth 
of the fracture zone would be 250° and its dip 70-80°. The 
age and amplitude of the fracture zone cannot be deter
mined from the data available.

7. Tectonic pattern

homogeneous all over the same rock body even if the stress 
field is regionally homogeneous. We can assume that geo
metrically the deformation spreads in the granitoid rock 
along a number of dipping fans (Figure 6). These are actu
ally truncated cones starting from each other and are shift
ed at depth and alongside one another. Their diameter or 
chord can be of metre order, while their dip is determined 
by the geometry of the stress field. The development of a 
truncated cone starts from their tighter part and continues 
towards the wider part from where new fans start, just like 
the spreading of cracks in a plume structure ( C s o n t o s  

1998; R a m s a y  and H u b e r  1987). These shifted fans can 
result vertically in migration and horizontally in rotation. 
Another alternative can be that the stress field forming

ONE FAN 
EGY LEGYEZŐ

SERIES OF FANS 
LEGYEZŐSOROZAT

A model is proposed for the migration and rotation, 
which at the same time characterises the inner inhomogen- 
ities of the whole granitoid rock body.

Due to stress, deformation spreads in the rock charac
teristically following the stress field. The spreading of the 
deformation (propagation) depends on the rock quality as 
well as the stress field. Our starting point is that the migra
tion and the rotation is reflected as textural changes in the 
granitoid body, resulting from the inhomogeneous spread
ing of the deformation. Apparently deformation cannot be

Figure 6. Fan-structure model as an explanation 
for migration and rotation

The fan to the left can explain rotation, the number of fans to the right may 
explain migration

6. ábra. Legyező szerkezet modellje 
a migráció és a rotáció magyarázatára

A bal oldali rajz egy legyezőt ábrázol, ami a rotációra adhat magyarázatot, a 
jobb oldali rajzon legyezők sokasága látható, ami a migráció egy lehetséges 
magyarázata



these planes changed its strike at depth so the deformed 
rock body twisted and suffered a ductile rotation, then the 
subsequent brittle fractures used these previously formed 
planes.

8. Evaluation of the larger fractures

During the tectonic analysis of the drill cores we stud
ied the spatial position of the larger fracture zones but this 
can be determined only partly from the evaluation of the 
scanned images. The visual tectonic and geological descrip
tion, as well as the geophysical methods contribute greatly 
to the solution. Summarising, we give the data of the iden
tified fracture zones for both Borehole Üh-22 and Üh-23, 
but the model of the larger correlatable tectonic zones 
{Figure 7) was constructed with the help of Boreholes 
Üh-2 to -5. The comparison of geological data with geo
physical data was carried out by D udko and Balla (1999).

On the basis of the methods mentioned above we pre
pared a table of the fracture zones and the water influxes 
(Tables 3 and 4). In this the fracture zones thicker than 1 
m, determined by D udko and Balla 1999 and the impor
tant tectonic and dislocation zones from the tectonic-geo- 
logical database are involved.

In the description column the fracture zones are classi
fied by size and main characteristic features. There are a 
few depth intervals that are indicated because they show 
water influxes. The water enters along fractures and cracks, 
and since the water influxes are important for evaluating 
the boreholes we considered these points as important frac
ture zones.

We distinguished large fracture zones from fracture 
zones. These were registered by most or all of the methods. 
Their exact location is taken from Dudko and Balla

Figure 7. Correlated fracture zones with all boreholes drilled in the 
research area

7. ábra. Az összeköthető törések modellje a területen mélyült 
összes fúrással

(1999) and M aros and Pa lo ta s  (1999). Wherever we had 
striae data in the tectonic description and the scanned 
images we complemented the data of the fracture zones. 
The estimation of their azimuth was nearly always done 
using the borehole televiewer image (M aros and Pa lo ta s  
1999).

In the determination of tectonic zones the geological 
and tectonic descriptions were decisive. These are mainly 
zones with carbonate and chlorite-clay matrix, and contain 
granite debris that is termed “crushed”, “brecciated”, “tec
tonic” and “fault zone” in the geological and tectonic 
descriptions. Naturally in these cases individual fractures 
or more fractured intervals could be found in the borehole 
televiewer image, but it usually did not help the orientation. 
That is why the azimuth of these zones is usually uncertain 
or missing.

The determination of “dislocation zones” and “sections” 
was done in two ways. If a fractured section was not sig
nificant enough to be considered as a fracture zone, but in it, 
or in its surroundings numerous striae could be found, and 
it showed traces of tectonic effects, we classified it as a dis
location zone or section, on the basis of the striae described in 
the zone. Its exact location and azimuth was usually read 
from the borehole televiewer image (for example between 
110.4-107.6 m asl. in Borehole Uh-22). We could not 
always determine the orientation even with the help of the 
borehole televiewer image, and in such cases only the char
acter of the dislocation is indicated (for example between 
(-6 .8)-(-18.2) m asl. in Borehole Uh-22).

In other cases the dislocation zone did not appear as a 
fractured zone, but in the tectonic description a large num
ber of striae of the same character were noticed (for exam
ple between 77.7-69.2 m asl. in Borehole Uh-22). In these 
cases we determined the orientation with the help of the 
scanned striae and the borehole televiewer image. The reli
ability of the classification of the zones into dislocation 
zones, fracture zones and tectonic zones is indicated in the 
last column of Tables 3 and 4 which contain three numbers 
separated with slashes. The first number indicates the total 
number of striae found in the zone, the second number 
indicates the striae parallel to the plane of the same 
azimuth as the zone, and the third number indicates the 
striae parallel to the zone and of the same character as the 
zone. The second and third numbers are given because a 
few striae are always of uncertain character. In these cases 
we can only decide whether the striae indicate a strike-slip 
or a vertical movement. These striae support the existence 
of a zone but they do not say anything about its character.

Summarising, we conclude that Tables 3 and 4 contain 
a large number of zones. As the question marks indicate, 
the determination of the orientations of the large fracture 
zones is not perfect yet despite the help of the geophysical 
methods. About the dislocation zones we know only that 
they exist, but the determination of their amplitude and 
exact movement is very difficult. Their importance from a 
hydrodynamic point of view is only suspected. The zones 
of large water influx are also shown in Tables 3 and 4. All



possible, important zones are shown, so that after clarify
ing their hydrodynamic features we can select the final, 
hydrodynamically important fracture zones for the deter
ministic model.

We tried to complete our older model of the larger, cor- 
relatable fracture zones constructed from the data 
obtained from Boreholes Uh-2, -3, -4 and -5 with the 
data coming from Boreholes Uh- and Uh-23. The result is 
shown in Figure 7.

Three main fracture zones could be drawn: 360/55°, 
295/78° and 125/55°. The figure shows the thickness of the 
zones and their intersection with the ( - 100)-200 m asl. 
levels. The sections of the fractures zones with the bore
holes are as follows. Plane 360/55° intersects Borehole 
Uh-2 between (-101.2)-(-58.7) m asl., Borehole Uh-22 
between 36.7-41.8 m asl., Borehole Uh-3 between 
163.8-163.9 m asl. Plane 295/78° intersects Borehole

Uh-2 between ( - 100)-(-58) m asl., Borehole Uh-22 
between 16.5-34.7 m asl. Plane 125/55° intersects 
Borehole Uh-4 between 76.9-123.1 m asl., Borehole Uh-5 
between 66.3-112.8 m asl.

9. Summary and acknowledgements

The diversity of the methods applied here, the detailed 
methods and the vast amount of data obtained have given 
us an insight into the properties and history of the rock 
body which was not previously possible. This is only the 
start of a complex understanding. We had to learn that the 
diversity of our results reflects this scale of knowledge. We 
would like to thank the investigators who took part in the 
research so far, for the thinking together, learning together, 
and for their ideas and constructive criticism.
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