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The core samples recovered by drilling Boreholes Üh-22 and Üh-23 near Üveghuta during the site selection for the repository of 
low- and intermediate-level radioactive waste were scanned with the ImaGeo corescanner (M aros and Palotâs 2000) and the relative 
time series of the evaluated objects was determined with the help of the CoreTime program module. The events that had affected the 
rock body were separated into 6 broader time groups, then divided into 16 detailed magmatic, metamorphic, tectonic and hydrothermal 
sub-groups. 430 objects were determined on the basis of the time relations within these 39 individual events. The events were calibrated 
by the results of radiometric age and other laboratory analyses.

1. Introduction

The core samples recovered by drilling Boreholes 
Üh-22 and Üh-23 near Üveghuta (Bâtaapâti area, Tolna 
county) during the site selection for the repository of low- 
and intermediate-level radioactive waste were scanned with 
the ImaGeo corescanner ( M a r o s  and P a l o t â s  2000) and 
a complex geological evaluation was carried out in the 
scanned pictures. First vectorial objects were drawn on the 
raster pictures with the help of the CoreDump software, 
and then the objects were separated in a database on the 
basis of their geological meaning ( M a r o s  and P a l o t â s

2000). The objects contain information about their real 
position in space as well as their geological meaning and 
genesis but the determination of their time series is not 
possible in the database. That is why we developed the 
CoreTime program module which completes this task. In 
the following we introduce the method and the results 
(time series) achieved.

2. Method and evaluation

During the evaluation of the objects ( M a r o s  and 
P a l o t á s  2000) the time series of the individual objects was 
fixed with the help of the CoreTime program module in 
those cases where it was possible to determine such series 
in the scanned pictures (Figure /). This was done on the 
basis of geological considerations. Some examples of this 
process are: an object is younger than another if it changes 
the spatial position of the other in any way (moves it along 
a fault, changes it in a ductile way), if its texture overprints 
the other’s or if the object has a sharp boundary and is situat
ed closer to the middle line of the fracture. The time ranking

Figure 1. An example of the time series of objects
The nearly horizontal fault filled with carbonate dislocates the microgranite 
vein and the quartz vein that itself cuts the microgranite vein and two carbon

ate veins. The open fracture is the youngest

1. ábra. Példa az objektumok időbeli egymásutániságára

A közel vízszintes karbonáttal kitöltött vetősík elveti a mikrogránittelért, 
az azt metsző kvarceret és két karbonáteret. Mindezeknél fiatalabb a nyitott 

töréses síkobjektum

always applies to two objects at a time and the relative ranking 
can be “younger”, “older” or “simultaneous”. The software 
ranks the objects of identical type into time sets of the same 
name. The age classification can be direct, which is deter-
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mined by the user on the basis of his/her direct observations 
or indirect, which is generated automatically by the software. 
The principle of the latter can be demonstrated by the follow
ing example: if my father is older than me and my grandfather 
is older than my father, thence my grandfather is older than me.

At the end of the evaluation the user prepares a contra
diction free age classification among the time sets with the 
help of the automatically generated contradiction free time 
relations of the objects. The principle of this is as follows. If 
within a time set a number of objects occur, which are 
“younger” or “older” than other objects of the same time set, 
the time set is divided into at least two parts (this is why for 
example chlorite 1 and chlorite 2 exist — see below). By this 
means we also get a contradiction free picture on the level of 
the time sets.

When ranking the time sets, naturally the time relation
ships of the objects they contain are decisive. In our case 
the 430 objects of 29 time sets ( M a r o s  et al. 1999) would 
allow an enormous number of permutations at the ranking. 
This is why we thought of seeking out the simplest possible 
solution besides general geological considerations, even if 
more difficult series could be justifiable or even more real
istic. The succession of events obtained was complemented 
and supported by the succession of event resulting from the 
tectonic and geological descriptions as well as the laborato
ry analyses.

Figure 2 shows the series of time sets for both boreholes. 
It can be seen that the succession of the different time sets 
could not be given with the same degree of certainty due to 
the accuracy or luck of our observations. Nevertheless we 
consider the confirmation of a series based only on one 
object-object relation equally important, since that particu
lar observation in the given place represents the observed 
truth. The similarity between the two parts of the figure — 
the time-set series of the two boreholes — is striking, which 
means that the age classification can be considered reli
able, but of course both series contain the same conceptual 
mistakes (subjective geological reasoning).

In Figure 2 the time series of individual time groups can 
be seen, the number of which is just enough to make a con
tradiction free series. The different arrows point from the 
older time group towards the younger one. Near them the 
numbers refer to the number of time relationships that 
were determined in the scanned pictures between the 
objects. The first number is the number of direct relation
ships, e.g. in the case of Borehole Uh-22 it means that 
there are two foliation objects that are younger than two 
other foliation objects. The second number after the 
comma indicates the number of indirect relationships, e.g. 
in the case of Borehole Uh-23 there is a rock boundary 
object (1 of 3) which is older than a microgranite object (1 
of 13), but this microgranite object is older than a foliation 
1 or foliation 2 object (the number of. time relationships 
between the microgranite and the foliations can be 13-13). 
So there is a foliation object which is in an indirect way cer
tainly younger than the given rock boundary object. The 
time groups following each other are connected with angu

lar, red arrows. The green arrows span longer time intervals 
and indicate only that there is no contradiction in the great 
grandchild-great grandfather relation, i.e. there is no situa
tion where the great-grandchild is the older, so in this man
ner they strengthen the relation system of the red arrows. 
Naturally we do not know the length of the arrows, namely 
the time passed either in the connection chains or in the 
case of the individually joining time groups. This can be 
illustrated as follows: the dextral strike-slip time group of 
Borehole Üh-22 could have been placed much more to the 
left of the carbonate but since we do not know how much to 
the left, we just indicate that it is older than the carbonate.

3. Succession of events

On the basis of these and other tectonic considerations 
we summarise the events which affected the rock body on 
the basis of our new research approach. According to our 
method first we combined the series of the tectonic and 
infilling events for the two boreholes and then we com
pared the final series with the succession of the infilling 
types derived from the different laboratory analyses (these 
are shown with Roman numerals in Figure 3, after KovÁcs- 
P á l f f y  et al. 1999) and finally we added the results of the 
K/Ar radiometric-age determinations (Figure 3).

The main event groups (except for K-metasomatism, 
whose tectonic influence is unclear) having affected the 
rock formation are the followings:

— Granitoid melt formed by partial melting of the con
tinental crust ( J a n t s k y  1979; B u d a  1975, 1985) in the 
Variscan orogenic belt (V a d á s z  1935; W e in  1967; 
G h a n e m  and R a v a sz-B a r a n y a i 1969).

— Pegmatite, microgranite and quartz veins coming 
from the residual magma cut through the pluton.

— Dynamo-metamorphism affected the granitoid rock 
body, resulting in multiphase foliation, material 
mobilisation, and rearrangement. Since mylonitisa- 
tion affected the microgranite veins too, we cannot 
speak about the inheritance of metamorphic foliation 
from before granitization ( G h a n e m  and R a v a sz- 

B a r a n y a i  1969; S z e d e r k é n y i  1974). The age of the 
dynamo-metamorphism is probably Variscan, partly 
because of the necessary pressure needed for the 
metamorphism and partly because no hydrothermal 
infillings could be found that were overprinted by the 
foliation while there were several that cut the foliation.

— Hydrothermal phases resulted in different infillings 
(quartz, Fe-oxide/oxihydroxide, Fe-oxihydroxide, chlor
ite, carbonate, clay). The age of the hydrothermal 
events is unknown yet.

— The granitoid rock is uplifted to a level that can be 
characterized by brittle deformation and fractures 
form, and a new generation of infilling forms after a 
new fluid mobilisation. This hydrothermal event is 
of Cretaceous age according to the K/Ar age data 
coming from illite, and the infillings consist of car-
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Figure 4. Planes with red feldspars

4. ábra. Vörös földpátos síkok

bonate, red Fe-oxide/oxihydroxide and different clay 
minerals ( M a r o s  et al. 1999; K ovács-Pá l f f y  et al. 1999).

— In the supergene phase goethite, manganese and 
overgrowth calcite crystals as well as fractures devel
op by the gravitational break-up of the rock, re-juve- 
nating of old fractures and the decreasing of the 
lithostatic pressure.

We have no reliable data about the age of the K-metaso- 
matism at present. Although the phenomenon is character
istic for the granite it can occur in more than one appear
ances and phase. It is connected partly to the formation of 
feldspar megacrysts ( B u d a  1968, 1994; H á d e n  1997), it 
partly affects the matrix of the granitoid rock and it is part
ly connected to planes in several phases ( M a r o s  and 
P a l o t á s  1998). This latter phenomenon is complicated by 
a subsequent hydrothermal ferric staining which can even 
enter the crystal structure, provably through fractures and 
microfractures. These red-stained zones are probably 
involved in the “red feldspar 2” time set while the “red 
feldspar 1” time set contains the generations of metasomat- 
ic feldspars that are connected to tectonic stress fields 
(Figure 4). As for their age we know only that they are 
younger than the microgranite generation. This problem 
needs further investigation.

We summarise the details about the event groups in the 
following (Figure 3, after M a r o s  and P a l o t á s  1998; 
M a r o s  and P a l o t á s  1999; K o v á c s-Pá l f f y  et al. 1999, 
S z a b ó  1999; S z a b ó  et al. 1998). H indicates hydrothermal 
events, T indicates tectonic events, the numbering refers to

the numbering of the event groups, “a” and “b” indicate 
probably related events of different character within an 
event group, while the numbers in upper case separate 
events of the same character within one event group.

1 melt of granitic composition develops from the 
mother rock;

2a microgranite veins are derived from the melt in at 
least two phases. They are connected to different 
stress fields since they cut each other;

2b the first generation of quartz veins appears after 
precipitation from late stage fluids; this is followed 
by red feldspar generations connected to planes 
(the connection of the two phenomena is a work
ing hypothesis at the moment);

3T1 foliation forms in at least two phases, in Figure 4 we 
put them immediately after each other although 
naturally they can be farther from each other in 
time, but since we do not know the exact age of 
their formation we cannot insert other events 
between them; quartz lenses form as a result of 
dynamo-metamorphism;

3T2 after the foliation a shear event affects the rock 
body, and because of this and the large depth ultra- 
mylonitic foliation of shear origin develops;

4H1 different solutions penetrate the Fe-Mg-Ca sili
cates of the granitoid rocks and from these Fe- 
oxide/oxihydroxide (Fe-oxide/oxihydroxide I), quartz, 
chlorite and carbonate minerals precipitate;

4H2 granitoid debris gets into the material of the infill
ings because of fault movement in several phases;

4T1 the first faults form which can be characterised by 
striae of dextral and normal nature; in other strike- 
slip zones en-echelon carbonate veins form;

4H3 carbonate and sulphide precipitation occurs in 
several stages, at different thickness and tempera
tures; at greater depths the reducing solutions dis
solve the metals (Mn, Fe) or carry them in solu
tion (Ni, Co, Cu, Zn etc.) and these at higher tem
perature form sulphides, Fe-Mn (and maybe rare- 
earth-element) carbonates (carbonate I) etc.;

5H' carbonates of low Fe-Mn, but higher Mg-content 
(carbonate Ha, b, c) and argillaceous minerals 
(clay minerals I) develop at lower temperature; the 
separation into a, b, c parts is the consequence of 
the evaluation of the scanned pictures;

5H2 argillaceous infillings are frequent: illite, palygorskite 
and vermiculite-like montmorillonite form and the 
Mg enters partly into the lattice of these minerals;

5H3 in the younger carbonate infillings it is common 
that a crust containing Fe-oxide/oxihydroxide (Fe- 
oxide/oxihydroxides II) and argillaceous minerals 
divides the different generations from each other; 
chlorite infillings also occur during this period 
although their time relation to the Fe-oxide/oxi- 
hydroxides is unclear; red feldspars form in the 
same period and occur as ferric contamination 
zones;



5T1 faults (sinistral, inverse, normal then again sinis- 
tral), fractures and cracks without striae form; it 
does not mean that previously no such faults were 
active, but it can be said that there are fractures 
and fine cracks that formed after thé carbonate II and the 
Fe-oxide/oxihydroxide II and the micro-deformations 
of the carbonates can be linked with them;

5T2 thick and thin en-echelon carbonate infillings form 
connected to strike-slips; after this another thick car
bonate generation and another fracture phase appear;

6a new carbonate precipitation occurs at low tempera
ture; fractures form and a few overgrowth calcite 
crystals appear as infillings on the walls of the 
fractures (carbonate III);

6b the last phase is represented by Fe-oxides/oxihy- 
droxides having formed in oxidising conditions 
and fill in mainly vertical fractures; these are domi
nantly yellow Fe-oxihydroxides and red Fe-oxides/ 
oxihydroxides and manganese minerals (Fe-oxide/ 
oxihydroxide III).

4. Summary

The exceptionally detailed scale of observation which 
can be achieved with this technique makes it possible to 
determine a very detailed event series compared to the pre
vious investigations. However this event series raises fur
ther questions, for example the spatial arrangement of the 
different events and therefore the need of further divisions 
or reductions of the events. For the moment it is not possi
ble to assign orientation to each event because there are 
too few objects that can be lined up in time. This can only 
be done, and the event succession specified when we carry 
out the same analysis retrospectively on Boreholes Üh-2 to
5. Since we initially approached the problem from a tec
tonic point of view, a more precise specification of the 
event series can be expected from further laboratory analy
ses and a more detailed analysis of the petrological evolu
tion.

We would like to thank Zoltán Balia for his help in our 
analysis.
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