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To establish a hydrogeological model for the Mórágy Granite the fractures were studied. First we collected data from the outcrops 
then we analyzed the igneous material of the Üveghuta (Ü h -1) drill core. As a result of measuring fractures in the outcrops we deter
mined the direction-dependence of the different attributes of the fractures. The outcrops belonging to a “NE-SW” group are more 
densely cut by fractures than a “N -S” group, but the joints are less open. In the drill core we introduced the concept of “break-up” 
which is defined as the sum of the percentage of the shattered parts within one meter of core, and the fracture frequency converted into 
a percentage. On the basis of this we defined three zones (zone of near-surface effects, zone of average break-up and tectonic zone), fur
ther sub-divided the middle zone into two sub-zones, and recognized a 9 m cyclicity in the fracturing. We also recognized a dip migra
tion in the zone of average break-up which means an increase of dips towards depth. The tectonic zone has a strike-slip character with 
unknown strike. The sense of the strike slip cannot be determined since both dextral and sinistral striae occur. The presence of the tec
tonic zone means it is not possible to determine if the break-up of the granite decreases towards depth. ~

1. Introduction

The aim of our research has been to formulate a fairly 
good tectonic model of the area and to generate data for 
the hydrological model of the region. The research was 
divided into two stages. First we collected field data from 
the granite outcrops, then we examined the igneous mater
ial of the Üveghuta (Ü h -1) drill core.

2. Methods applied and terms

In the outcrops we tried to measure sections of a stan
dard length (10 m where possible) and in several directions 
if possible. In the case of longer (a few tens of m) sections 
we chose a representative section that we thought best char
acterized the whole outcrop. We fixed the direction of the 
sections and then from a fixed point we measured all the 
fractures moving in the same plane as much as possible. 
We recorded the distance between the joints with cm, and 
their width with mm accuracy. We also measured the dips 
and dip directions of the open joints and faults. We did the 
same with all measurable faults, in addition to the sections, 
and drew lower hemisphere stereograms from them. We 
mapped the fractures along which there is a clear water-per
meability and also weathering of the rock.

In the drill core the main aim was to genetically group 
the fractures. From this we could divide the fractures of 
the granite into two groups. The first comprises tectonical
ly formed fractures, the other the breakage of the rock that 
was produced by the drilling. The only difficulty in this 
work was distinguishing fractures caused by the drilling 
from the naturally occurring ones. Once criteria had been 
established to identify structures caused by drilling they 
could easily be separated from the geological phenomena.

Nevertheless we noted that the drilling had caused geo
logical fractures to become weaker or slightly open. As a 
result we could only rarely determine the original width of 
the joints. This makes it rather difficult to compare the 
data with the outcrops, and we could only estimate the lin
ear porosity and its change with the depth. The advantage 
is that it represents the “worst case” from the hydrological 
point of view.

We observed several different fracture mechanisms in 
the drilling. In addition to the fractures, we observed den
sely broken parts, completely shattered parts and altered 
parts, this last by alteration of the shattered rock. Due to 
the drilling method employed it proved impossible to mea
sure the azimuth of the planar structures.

In the following description we call the planar struc
tures fractures, cracks and joints. The rock units are divid
ed into three differently broken up zones. The concept of 
“break-up” means combining the fracture frequency with 
the shattered sections and shows how much the rock actu
ally is fractured.

3. Outcrops

During the field observation stage we measured 104.31 
m of cross sections, detected 578 fractures and noted 
down the data of 106 faults and joints in 7 outcrops.

3.1. Faults and strike slips

We measured 21 such data altogether. In outcrop 2 we 
found four, in outcrop 4 one, in outcrop 5 fourteen and in 
outcrop 6 two measurable faults. In most cases it was not 
possible to determine the direction of movement on the 
fault plane, so because of the uncertain data and the age of
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Figure 1. The location of the outcrops, the data and the thematic stereograms

A. The stereogram of all the faults with striae. B. The rose diagram of all the fractures and faults

1. ábra. A felszíni tektonikai reambuláció során mért feltárások, az adatok és a tematikus összesítések projekciói

A. Az összes elmozdulásos sík projekciója. B. Az összes vető és törés dőlésadatának rózsadiagramja

the rock we did not think it worth doing a stress-field 
analysis. In Figure 1 we show the projection of all the mea
sured faults, strike slips and joints. We also indicate the 
projection of outcrop 5 and the projection of all the faults. 
These projections are similar, but outcrop 5 contains 14 of 
the 21 faults. The fault data of the individual outcrops are 
shown in Figure 1.

3.2. Joints

On the projections shown on the map we indicate both 
the joint data and the faults. We did not draw a separate 
projection with the faults but they can be found in the pro
jection of all data. There is no single dip direction, and the 
outcrops are cut frequently and in all directions by faults 
and joints.

3.3. Fracture frequency

Fracture frequency expresses the quantity of faults and 
joints that cut the rock. It takes into account not only the mea
surable fractures but also the ones without measurable dip.

We studied the distribution of the width of the frac
tures in relation to their distance from each other and we 
found that most fractures were 1-2 mm wide and their dis
tance from each other fell between 0-50 cm. Since the dis
tribution of fractures is related to the strike of the cross 
section, we divided the data into two groups depending on 
the strike of the section. The two strike groups are “N -S ” 
and “NE-SW ”. Figures 2A and 2B show the relationships 
between fracture distance and fracture width. To construct 
these diagrams we laid a grid on the original diagram, 
counted the dots in each square of the grid and ordered



Figure 2. The contoured map of the distribution of fault distance fault width in the two cross section groups

A. “NE-SW” group, fault distance up to 100 cm. B. “N -S” group, fault distance up to 100 cm. C. “NE-SW” group, fault distance up to 20 cm. D.
“N -S” group, fault distance up to 20 cm

2. ábra. Az iránycsoportok töréstávolság-törésszélesség eloszlásának izovonalas megjelenítése

A. ÉK-DNy-i iránycsoport, töréstávolság maximum 100 cm. B. É-D-i iránycsoport, töréstávolság maximum 100 cm. C. ÉK-DNy-i iránycsoport, 
töréstávolság maximum 20 cm. D. É-D-i iránycsoport, töréstávolság maximum 20 cm
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Figure 3. The distribution of fracture widths

3. ábra. Törésszélességek darabszám szerinti megoszlása

1 — ÉK-DNy-i iránycsoport, 2 — É-D-i iránycsoport

cm

Figure 4. The distribution of fracture distances between 0-10 cm

4. abra. A 0-10 cm közötti törestávolságok darabszám szerinti megoszlása

1 — ÉK-DNy-i iránycsoport, 2 — É-D-i iránycsoport
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Figure 5. The fracture frequency, shattered parts and break-up in relation with the depth

A. Fracture frequency and shattered parts: 1 -  fracture frequency, 2 -  shattered parts. B. Fracture frequency and shattered parts united (break-up): 1 -  
break-up, 2 -  average break-up of the zones. C. The fracturing in relation to depth (2nd running average)

5. ábra. Törésgyakoriság, összetört szakaszok és töredezettség a mélység függvényében

A. Törésgyakoriság és összetört szakaszok: 1 — törésgyakoriság, 2 -  összetört szakaszok. B. Törésgyakoriság és összetört szakaszok összevonva (törede
zettség): I — töredezettség, 2 -  zónák átlaga. C. Töredezettség a mélység függvényében (2. futó átlag): 1 -  relatív maximumok, 2 — fő zónahatárok
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Figure 6. Change of the dips in relation with the depth (A) and its contoured map (B)

6. ábra. A törésszögek változása a mélység függvényében (A) és ennek izovonalas ábrázolása (B)

the numbers to the center of the square. This three-dimen
sion matrix was turned into a contoured map. The clear 
division into two groups indicates it was necessary to do 
further analysis on each group individually.

3.4. Comparing the two cross-section groups

The “N-S” group actually includes strikes between 
315-135° and 10-190°, while the “NE-SW” group 
includes strikes between 40-220° and 80-260°.

Figures 2C and 2D show only the characteristic parts 
of Figures 2A and 2B, between 0-20 cm. It is apparent 
that in the "NE-SW” group the fractures are denser but 
their width is smaller. In the “N-S” group there are less 
fractures but these are more open.

Figure 3 shows the distribution of fracture widths.
There is an apparent difference between the two 

groups. The "NE-SW” group contains many more frac
tures but the width of them is closer to zero than in the 
“N-S” group where the fractures are wider.

We also studied the distribution of the distance 
between the fractures in the 0-10 cm range (Figure 4).

There is again a distinct difference between the groups. 
The "NE-SW” group has data in the 0-1 cm range, and 
the higher peaks are definitely towards the smaller dis
tances.

Figure 7. Faults with striae

A. Dip of faults with striae: 1 — zone of the near-surface effects, 2 — zone 
of average break-up, 3 — tectonic zone. B. Pitches: 1 — zone of the near - 
surface effects, 2 — zone of average break-up, 3 — tectonic zone. C. 
Distribution of dips of fault planes with striae in relation with the depth: 

I — uncertain, 2 — dextral, 3 — sinistral, 4 — normal

7. ábra. A vetőkarcos síkok adatai

A. A vetőkarcos síkok dőlése: 1 -  felszín közeli hatások zónája, 2 -  átla
gos töredezettségű zóna, 3 — tektonikus zóna. B. A  vetőkarcok karcszöge 
(„pilch"): I — felszín közeli hatások zónája, 2 — átlagos töredezettségű 
zóna, 3 — tektonikus zóna. C. A  vetőkarcos síkok dőlésének megoszlása a 
mélység függvényében: 1 — bizonytalan jellegű, 2 — jobbos, 3 — balos, 4 — 

normál; felirat = „zóna határok”
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From this it can be concluded that the fractures in the 
“NE-SW ” group are denser but less wide than the ones in 
the “N -S ” group. These sections contain those parts 
where the rock is so densely fractured that it is practically 
impossible to measure individual data. There is a differ
ence between the average fracture frequency of the two 
groups, which is 6.98 in the “NE-SW ” group and 4:21 in 
the “N -S ” group (Plate I, 1-2).

Finally a few general remarks about the outcrops and 
the rock. The condition of the granite is rather heterogene
ous considering all the outcrops. In outcrop 4 it was fairly 
fresh while in outcrops 3 and 7 it was so friable that it 
crumbled on touch. The once open but later cemented 
fractures are also characteristic for the fresh granite while 
the friable parts are densely cut through with open frac
tures along which the effects of flowing water can be 
noticed.

As a rough summary we can say that the weathered 
granite bodies can be found in the SW of the area while in 
the NE the granite is fresher.

3.5. Linear and area porosity

Due to the nearly perpendicular form of the section it 
was possible to calculate the linear and area porosity of the 
outcrops. It was not possible to calculate the volume 
porosity since the rock was either very friable or too steep 
to climb so we could not measure the third direction. The 
calculations were made using the method of K ovács 
(1979), and the results are shown in Figure 1.

The porosity is calculated with the aid of the fol- 
lowingequations:

n,(x) = Sli(x )/L (x),
na(xy)= l- [  l-n!(x)]x[l-n ,(y)]+nl(x)xn1( y ) ,

where n,(x) is the linear porosity belonging to the section 
x, Elj(x) is the sum of the fracture widths along the section 
x, L(x) is the length of the section x, na(xy) is the area 
porosity of the area determined by the sections x and y.

4. The Üveghuta-1 drill core

We measured a total of 1829 fractures, joints and faults 
in the drill core; 1375 in the upper part and 454 in the tec
tonically controlled part. Apart from a few mm wide veins, 
we measured 427 few cm, and sometimes a few meter wide 
dikes and veins. As for their composition, 16 were quartz, 
131 aplite and 280 carbonate veins.

Figure 8. The distribution of different dikes and veins 
in relation to depth

A. Percentage of quartz veins and aplite dikes per meter: 1 — quartz 
veins, 2 — aplite dikes. B. Frequency of carbonate veins. C. Percentage of 

sections with deformational fabric per meter

8. ábra. A különböző telérek megoszlása a mélység függvényében

A. Kvarc- és aplittelérek százalékos megoszlása: 1 — kvarctelér, 2 — aplit- 
telér. B. Karbonáttelérek gyakorisága. C. Irányított szövetű szakaszok 

százalékos megoszlása

4.1. General description of the fractures

Basically the Carboniferous granite in the drill core can 
be divided into two parts tectonically, namely an upper 
part and a lower, tectonically influenced part. How this 
division is made, where the borderline is and how the gran
ite is subdivided into smaller tectonic units is discussed 
later.

Considering the whole drill core, most fractures and 
cracks can be identified as having a tectonic origin. How
ever, we cannot exclude the possibility that some of the 
fractures are cooling cracks, although this does not influ
ence the hydrogeological model.

On average every tenth fracture contains striae (Plate I, 
3). On almost every occasion clayey, chloritic, and soapy 
material covers the surface of the faults (Plate I, 4). Differ
ent aplite dikes, quartz, carbonate and dolomite veins are 
also common. Their width varies between a few tenths of 
millimeters to a few meters.

The surface of the fractures is usually smooth. This is 
mainly characteristic of the 45-50° and the 65-70° dip
ping fractures. Among the low angle or the very steep 
(80-90°) faults we found a lot of uneven surfaces.

In an artificial exposure such as a drill core and with
out the azimuth of the measurable elements we can not 
undertake the determination of stress fields and their suc
cession. However in several places we observed that the 
faults cut the different dikes and veins.

4.2. Fracture frequency, and shattered parts

Fracture frequency means the number of fractures 
found within one meter. In our case besides the fracture 
frequency we tried also to take the densely broken, the 
shattered and the altered parts into consideration (Figure 
5A, Plate II, 1 -4). Only by considering all of this types can 
we get a fairly accurate picture how much is the degree of 
fracturing in the rock.

To combine the two diagrams, we have to convert the 
fracture frequency to percentage (Figure 5B). This can be 
done by stipulating that 100 fractures per meter is equal to 
100% break-up. In other words there is a fracture in every 
cm.

The diagram shows three separate zones in the igneous 
rock (it also indicates the average break-up). The zone of 
near-surface effects extends down to 134 m and the average 
break-up in it is 23%. This corresponds to the reduced 
speed section of the seismic borehole curve ( H e r m a n n  et 
al. 1996). The next zone down to 272 m is the zone of aver
age break-up. Here the average break-up is 15%. The 272 m 
level corresponds to D e e r e ’s RQD-diagram that was 
recorded by G y a l o g  and T u n g l i (1997). In the third tec
tonic zone both the fracture frequency and the percentage 
of shattered parts increases and the average break-up is 55%.

We made a second running average of the diagram in 
Figure 5B, and the result can be seen in Figure 5C. Note 
the two sub-zones within the zone of average break-up. The 
borderline between them is at 223 m (thin dashed line). If 
we mark the characteristic peaks of the graph (top thick 
lines) we can notice that the peaks lie about the same dis
tance from each other all along the drill core and the aver
age distance between them is 9 m. This is the smallest 
scale cyclicity we discovered in the drill core.

The question arose whether all the fractures are re
sponsible for the above mentioned zones or if there is a
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Figure 9. The break-up of the Uh-1 drill core and its correlation with the borehole log

9. ábra. Az Üh-I fúrás töredezettsége és korrelációja a karotázzsal



connection between a certain dip of the fractures and the 
zones. To decide this we studied the dip-depth connection 
of our data.

4.3. The distribution of fracture planes 
In relation to the dip and depth

We divided the 90° angle domain into 10° sections and 
studied the distribution of dips. Half of the fractures fall 
between 31-60° with the maximum at 41-50°. The maxi
mum is in good correlation with the results of the seismic 
fault analysis ( P rónay  et al. 1996), which showed 45° as 
the dip of the tectonic zone.

Our next question was whether in the separate angle 
domains the distribution of fractures show the zones and 
which angle domain is predominant. For this we examined 
three angle domains (0-40°, 41-60° and 61-90°). The tec
tonic zone is marked by all angle domains, but most char
acteristically by the steepest. The zone of the near-surface 
effects is best characterized by the middle angle domain.

We can conclude that by studying the distribution of 
dips relative to depth we did not get any essentially new 
results. Next step we looked at the dips in relation to the 
depth (Figure 6A). Initially the picture looks complicated 
picture but there are distinct differences in the density of 
the dots. To give a more graphic picture we laid a grid on 
the dip-depth matrix. We calculated the number of dots 
within the squares of the grid and ordered the numbers to 
the center of the squares. This three-dimensional matrix 
was turned into a contoured map (Figure 6B). The three 
zones can easily be separated.

In the zone o f near-surface effects the local maximum 
line up in an “E-W ” direction between 40-50°. At the bot
tom of the zone, and to some extent all through the zone a 
“N E -SW ” tendency has been observed, together with a 
weaker direction perpendicular to this.

In the zone of average break-up these two directions be
come more dominant with a stronger “N E-SW ” and a less 
dominant “N W -SE” tendency. Apparently the “ranges” 
overlap one another towards the deeper part and at least 
two separate ranges can be clearly seen with the beginning 
of a third one, which is suppressed by the tectonic zone.

Towards the deeper part the fractures gradually be
come steeper and steeper. Where the dip of the fractures 
reaches a maximum of about 60-70°, the next range starts 
with a small dip component. This range again gets steeper 
and steeper. So what we see is an increase in dip of the 
fractures towards depth. The zone of average break-up 
describes the whole granite body best since it lacks the 
effects of weathering and is not affected by tectonics. Natu
rally the older, pre-Carboniferous tectonic events did not 
leave this zone untouched so we cannot give a genetic 
explanation to the phenomena to be seen here. We cannot 
say how much is the effect of the tectonics or the cooling 
of magma or maybe something else. The mixing of effects 
is also possible.

In the tectonic zone other trends can be noticed. We 
have to leave out the “N -S canyon” at 320 m because it is 
caused by the lack of data in the shattered and altered 
gránité. Apart from this we again see the “E-W  ranges” as 
in the zone of the near-surface effects, but this time not in 
the same angle domains. Although there is a maximum 
between 40-50°, the dominant peaks are in the 20-30° 
and 80-90° domains. Besides the “E-W ” ranges a “N -S ”

trend can be noticed at the base of the. drill core along with 
a “NE-SW ” trend.

We can conclude that in the different zones fractures 
of different dip are responsible for the character and basi
cally the presence of the zones. The zone of the near-sur- 
face effects is mainly marked by 40-50° fractures, the tec
tonic zone by 20-30° and 80-90° dipping fractures.

4.4. Fractures with striae

A separate section is devoted to the most characteristic 
tectonic phenomenon, the planes with striae (Plate I, 3). 
We measured altogether 87 such planes. In Figures 7A and 
7B the distribution of dip and pitch in relation of the depth 
is visible.

In the zone of the near-surface effects there is not 
enough data to perform an analysis. There are 29 data 
from the zone of average break-up with maximum dips 
between 50-70°. The vertical striae show the dominance 
of normal faults besides the strike slips. There is a radical 
change in the tectonic zone where the characteristic dip is 
steep and at the same time the dominant striae show strike- 
slip movement.

There is an interesting relationship between the plane 
dip and the character of the striae which can be related to 
depth (Figure 1C). On one hand the number of such planes 
suddenly increases in the tectonic zone but they can also be 
found in the zone of average break-up. In detail we see that 
in the zone of average break-up the normal faults are domi
nant with steep pitch on steep planes. We noticed the 
increase of plane dips with depth in this zone, and the same 
trend can be seen in Figure 7C although the number of data 
is less. It is interesting to see that with the increase of dips 
the pitches get steeper too. In the tectonic zone there are two 
denser patches instead of trends. There are lots of steep 
planes with horizontal pitch, mostly dextral. The other 
group is of 40-50° (60°) dipping planes with similar but a 
little less steep pitch, mostly sinistral. So we can also call the 
tectoniczone the zone of strike-slip faults.

4.5. Dikes and veins

The Carboniferous granite is cut by veins of different 
materials. Due to the different material properties the frac
ture frequency in the veins is different from the host rock. 
The quartz veins are hard and impermeable, the carbonate 
veins (Plate II, 5) are however not stable from this point of 
view. The aplite veins are less hard and more brittle than 
the quartz veins and they break very easily so they are 
often densely cut up by irregular fractures.

We indicated the distribution of all types of veins in 
relation to depth. In the case of the quartz and the aplite 
we took their width into consideration as well (Figure 8A). 
The most quartz veins occur at depths between 100-170 m 
but they are not found in the tectonic zone. The number of 
carbonate veins increases towards depth and they reach 
their maximum density between 260-300 m (Figure 8B). 
The magmatic rock weakened by the tectonic zone was 
ideal for the carbonate veins to form. Aplite veins can be 
found all along the drill core with a maximum between 
180-260 m in the zone of average break-up. The carbonate 
veins are too thin for their width to be taken into account 
(the only exception is between 343.4-348.3 m where 
dolomite is the matrix of a breccia).



4.6. Deformational fabric

From time to time we met deformed parts in the drill 
core which had been produced by stress (Plate II, 6). The 
degree of deformation varied from mylonitic to slightly 
deformed minerals. The dip of the lineation was generally 
steep and a bit uneven.

We show the percentage of deformed parts per meter 
in Figure 8C. These deformed sections are denser in the 
upper part of the granite body (they probably correlate 
with the quartz veins) but they can also be found more or 
less everywhere in the drill core. We can conclude that 
their formation was independent of the formation of the 
tectonic zone, and was probably an earlier event.

4.7. The correlation of tecionic phenomena 
with the borehole log

The resolution of the borehole log is 10 cm. This is not 
greater than the frequency, diversity and complexity of our 
data, but the continuous registration of the physical para
meters makes it possible to examine the fractured parts 
with another method.

One of the results of the correlation was that we could 
calibrate the geological column to the borehole log and so 
our data got absolute depth (Figure 9). This meant moving 
the geological column and all the data connected to it 
downwards by 60 cm.

The most apparent correlation is shown by the bore

Comparison of the break-up T a b le  1

in the outcrops and in the drill core

Locality
Fracture 
frequen
cy pcs/m

Shattered
parts
(%)

Breakup
(°/o)

Lin.
porosity

(%)

Borehole 
Üveghuta-1

- 5.82 24.74 30.56 -
52-134m -6.33 16.46 22.79 -
134-272m 5.05 9.71 14.76 -

272-364.5 m 6.63 48.09 54.72 -
Boreholes
Feked-

-II 14.05 - - -
-IV 14.1 - - -
-V 12.23 - - -

Bátaapáti, 
Nagymórágy valley

- 5.61 10.8 15:98 0.3

Mórágy,
protected outcrop

a 4.17 - 4.17 0.32

b 2.67 - 2.67 0.48

Mórágy, 
key section

a 1.35 - 1.35 0.07

b 1.28 - 1.28 0.036

c 1.78 - 1.78 0.068

d 2.46 - 2.46 0.19

Mórágy,
railway station, 111

a 4.69 - 4.69 0.23

b 4.53 27.3 32.77 0.9

cd 10.06 42.4 51.71 0.44

e 5.11 - 5.84 1.6

g 3.25 - 3.25 ' 0.88

Mórágy,
railway station, VII

a 14.57 4.1 18.54 ' 0.6

b 5.68 - 5.56 0.67

Üveghuta - 4.71 - 4.71 0.48

Mórágy, Mély valley - 4.1 - 4.1 ’ 0.26

hole diameter curve because the shattered, altered and 
densely fractured rock fell out because of the drilling.

We can also register the changes in physical parameters 
because of the changes in the fracturing, in the resistivity, 
porosity and density curves. The resistivity and density falls, 
while the porosity increases. The change of all three para
meters shows unambiguously the shattered, altered and 
densely fractured parts. Apparently these sections show the 
greatest differences compared the unaffected rock.

The other elements we examined for correlation were 
the veins and dikes, especially the aplite and quartz veins, 
since the carbonate veins are too thin for the resolution of 
the borehole logging. The presence of the aplite dikes and 
quartz veins are again shown by several curves. The natur
al gamma shows peaks where dikes and veins can be 
found, while the magnetic susceptibility, the density and 
the porosity drop.

4.8. Comparison between the outcrops 
and previous drill cores

The basis of the comparison are the measurements in 
the outcrops (M aros and Palotás 1995) and the fracture 
data from the former drill cores: Feked-I, -II, -III, -IV 
and -V (M aros 1995).

While the fracture frequency in the Feked drill cores 
was two and a half times greater than in the outcrops and 
the Ü veghuta-1 drill core, the latter two could be com
pared with each other (Table 1). In the drill core the aver
age break-up of the tectonic zone is twice to three times 
more than in the zone of near-surface effects and the zone 
of average break-up respectively. All three average break-up 
in the drill core (22.79%, 14.76%, 54.72%) is greater than 
the average of the outcrops (10.05%).

The working theory of a decreasing in fracturing 
towards depth, which was shown in the Feked drill cores, 
could not be verified in the Ü h -1 drill core because of the 
tectonic zone.

5. Summary

The main conclusions of our study are:
1. In the outcrops we showed that the different attributes 

of the fractures are related to the direction of the cross 
section. The outcrops belonging to the “NE-SW ” group 
are more frequently cut through by fractures than the 
“N -S ” group but these fractures are less open.

2. The drilling went into and stopped in a tectonic zone. 
The beginning of the zone had been thought to be at 
295 m but as a result of out measurements we specified 
it at 272 m.

3. The tectonic zone is of strike-slip character with un
known strike. It is not possible to say whether the strike 
slip is dextral or sinistral, since pitches of both types 
occur.

4. Due to the tectonic zone we cannot determine if the 
fracturing decreases towards the depth as it is common
ly supposed

5. The drill core can be divided into three differently frac
tured zones, within this the middle zone further subdivid
ed into two sub zones. A 9 m cyclicity can be recognized.

6. In the zone of average break-up we recognized a cyclic 
dip migration with the dips increasing towards the 
depth. Its origin is unknown so far.



7. We introduced the concept of ’’break-up” which means 
the sum of fracture frequency and the percentage of shat
tered, altered and densely broken parts within one meter.

8. We compared our results with the outcrops and found 
that the rock in the drill core was more frequently frac
tured than the granite in the outcrops.

9. We tried to correlate the drill core with the borehole log 
and showed the physical criteria of detecting the frac
tured parts and the dikes and veins.
We set up a basic event succession but because of

the lack of azimuth data we could not distinguish different 
stress fields. The events are the following:

— magmatic event(s) with late stage aplite dikes,
— cooling (dip migration?),
— mylonitization and deformation of fabric with relat

ed late stage quartz veins,
— developing of the tectonic zone,
— argillization and hydrothermal alteration with late 

carbonate veins.
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Plate I — I. tábla

1. The densely fractured “N E-SW ” group
Az „ÉK-DNy-i” csoport sűrűn töredezett gránitja

2. The less fractured “N -S ” group
Az „É-D-i” csoport kevésbé töredezett gránitja

3. Fault plane with striae 
Vetőkarcos sík

4. Fault plane with chloritic cover 
Kloritos borítású vetősík





Plate II — II. tábla

1. Average fracturing 
Átlagosan töredezett szakasz

2. Densely fractured part 
Összetört szakasz

3. Shattered part 
Murvás szakasz

4. Altered part 
Bontott szakasz

5. Fault in a carbonate vein 
Elvetett karbonátér

6. Deformational fabric 
Irányított szövet






