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Tectonic stability of the candidate site is of crucial importance concerning the disposal of radioactive waste. Structural and neotec- 
tonic data available from the surroundings of Üveghuta show that in spite of the constant rise of the area there are not any tectonic risks 
in the selected site. This is due to the fact that the faults inducing the latest measureable displacements are more than 27,000 year old, 
and they are more than 5 km away from the site.

1. Introduction

The structural setting of any selected disposal site is of 
the utmost significance with regard to the safe disposal of 
radioactive waste. In addition to influencing the engineer
ing parameters of the repository, the structural features of 
the enclosing rock body define hydrogeological conductivi
ty and subsurface water-flow patterns as well. Examining 
structural data of the overlying beds allows us to assess the 
magnitude, direction and even the age of structural effects 
resulting from deformation. Studies on the structure of 
granite — the enclosing rock — supported by field surveys 
and deep borehole data (Zilahi-Sebess et al. 2000, Dudko 
2000, Maros and Palotas 2000a, b) provide a detailed 
account of the knowledge gained on structural phenomena 
in the basement. The description of stratigraphic features 
(KoloszAr et al. 2000) and history of evolution (Marsi 
2000) of the overlying beds serve as a reliable basis for 
determining the significance of structural phenomena tak
ing place in them.

One of the most important factors of the safety of the 
repository is the tectonic stability of the area. It can be 
declared safe if during the lifetime of the repository — as 
defined by the 62/1997 IKIM decree (Ministry for 
Industry, Trade and Tourism), for 600 years — the area is 
not affected by structural events that would significantly 
change the mechanical state of the rocks, groundwater-flow 
patterns and stability interpreted or assumed in the course 
of surveying, safety analysis, repository planning and con
struction. Due to the absence of methods that would 
enable us to predict future phenomena we are restricted to 
estimating processes and events to be expected in the near 
future with a certain probability based upon the character, 
chronological order, frequency and magnitude of past 
events. Owing to the geological setting of the area, exami

nation of the events taking place in the recent past gives 
clues to predict processes expected in the near future. 
Traces of these events can be revealed in the stratigraphic 
order, paleogeographic and facies settings of young 
(Tertiary and Quaternary) formations as well as in the mor
phology of the area. Their analysis together with the exam
ination of recent tectonic — neotectonic — processes deter
mines whether the given area can be regarded safe. This 
paper is devoted first of all to the structural analysis of 
Quaternary formations. Tectonic features in older deposits 
will be dealt with only to the extent necessary for under
standing recent processes.

2. Summary of previous neotectonic studies

Neotectonic studies have long traditions in the geologi
cal surveying of Southern Transdanubia. The common fea
ture of almost each of them is that they are based mostly on 
morphological phenomena and information interpreted 
from boreholes and compiled geological profiles; precise 
data born by field measurements and observation are 
extremely rare, while actively observed young displace
ments are even fewer.

Gerner (1993) summarised and systematised the 
results of neotectonic studies in Southern Transdanubia 
looking back to around the last eight decades. Analysing 
the work of previous authors, he concluded that publica
tions concerning this subject in the Hungarian geological 
literature could be associated with one of three different 
neotectonic models.

One of them characterises the young tectonics of the 
area essentially by normal faults, vertical displacements 
and block-type tilting. This model puts the formation of 
N-S and further eastward NW-SE striking so-called cross
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Figure 1. Lines of strike from faults in the Szekszard Hills 
according to Adam  (1 9 6 4 )

1. ábra. A Szekszárdi-dombvidék vetődéseinek csapásirányai 
Ádám  (1964) szerint

valleys to the Lower Pleistocene, whereas the longitudinal 
valleys parallel with the line of Lake Balaton to the Upper 
Pleistocene. This model is represented in our area by the 
work of (A d Am  1964). He attributes an important role to 
longitudinal faults parallel with the Sub-Mecsek (Mecsekalja) 
Line in the young evolutional history of the Szekszard

Hills. Additionally, he concluded that E-W or N-S and 
NNE-SSW faults strike at different angles to the longitudi
nal lines (Figure 1). According to Á d á m  (1964), lines of 
fault strikes in the Szekszárd Hillshave further dismem
bered these blocks of Pleistocene formations. According to 
the displacements of “loam bands” he assumes that the 
youngest red clay horizon has not been affected by these 
faults.

According to the second model folding played a leading 
role in the structural evolution of young formations. The 
followers 'of this model, elaborated basically by P á v a i 

Va j n a  (1917, 1926), stress that these young structural 
movements are reflected in folds, anticlines and domes 
interpreted essentially by several thousand dip data meas
ured in Southern Transdanubia. It is assumed that the folds 
were created through the pressure resulting from the subsi
dence of mountains and suggest that these movements last
ed from Middle Miocene till today. A similar picture to this 
model is reported by M o l d v a y  (1964). He presents his the
ory concerning the structural evolution in more detail in 
the explanatory text of the Pécs 1:200,000 sheet ( F o r g ó  et 
al. 1966). In Figure 30 of this work he illustrates structural 
elevations surrounding the Mecsek Range (Figure 2). He 
concludes that the related movements were significant 
essentially during Middle and Late Pleistocene, but they 
were reactivated at the end of the Würm or even later.

The third model assumes that the structural geological 
setting of Southern Transdanubia formed as a result of a 
SE-NW striking horizontal stress. This stress is recognised 
as the force behind the uplift of ranges (in our case the 
Mecsek Range) and its imbrication to both North and 
South on the sediments of their foreland. Simultaneously 
with the imbrication compression in the basement resulted 
in the thrusting out of asymmetric wedges along flat thrust-

Figure 2. Quaternary movements according to the morpho-tectonic study of the periphery of the Mecsek Range by M oldvay L. (Forgó e t al. 1966)

1 — axis of structural elevations, 2 — depressions, 3 — contour lines, 4 — line o f drilling profile, 5 — boundary of Danube-valley

2. ábra. Negyedkori mozgások a Mecsek peremeinek morfotektonikai vizsgálata alapján M oldvay L. szerint (F orgó  et al. 1966)

1 — szerkezeti dom borulatok tengelye, 2 — süllyedékek, 3 — szintvonalak, 4 — fúrási szelvény vonala, 5 — a Duna-völgy határa



ing planes and lateral slips. The manifestations of these 
phenomena in the Mecsek Range and Southeastern Trans- 
danubia were analysed in detail by W e in  (1967). N é m e d i  

Va r g a  (1983) dealt also with their several implications.
Of the three structural models presented, the first one 

basically emphasises the role of faults and is in agreement 
with morphological patterns, but lacks decisive proof con
cerning the tectonic features of valleys. The second one 
working essentially with folded structures is the less accept
ed; its opponents stress that most structures described as 
folds are usually domes or structures brought about by the 
vertical movement of the basement. The most accepted 
model borrows some of the elements of the previous ones; 
at the same time, some of the phenomena explained by 
compression can be regarded also as the consequence of 
some other effects.

In summary, it can be concluded that though several 
different ideas were put forward concerning the mechanism 
of structural processes shaping the present geological and 
morphological patterns, the age of the specific processes is 
less uncertain. On the contrary, only a few data are avail
able in previous works that could characterise the move
ments taking place in the youngest evolutional history of 
the area. The majority of authors were satisfied with the 
term “young movements” or “post-Pannonian” chronologi
cal classification; it is however insufficient for determining 
recent movements.

3. Neotectonic studies in the 80s and 90s

Though geological mapping campaigns in the area dur
ing the last two decades determined the structural picture 
we are still far from being certain in making judgements on 
the importance of Quaternary structural movements.

The question concerning the recent stability of the area 
was first seriously brought up in association with the geo
logical exploration of the radioactive waste repository near 
Ófalu. The final report ( J u h á s z  1989) did not take a clear 
stand with regards to the young tectonics of the granite ter
rain near Mórágy. Therefore the completed work was seri
ously criticised. At the same time the Geological Institute 
of Hungary undertook a study using complex methods 
based on both remote sensing and field investigation 
( S ík h e g y i  et al. 1988). On one hand it concerned the tec
tonic interpretation of lineaments through remote sensing, 
on the other it involved the analysis of joints occurring in 
Pleistocene formations. On the basis of the structural evalu
ation of space and aerial images, and the processing of 
measurements from a high number of structural elements 
(fault, overthrust, dome axis, joint), the authors arrived at 
the following conclusions concerning the young structural 
evolution of the Mórágy Hills: “The main fault structure 
determining the recent morphology of the hill formed in 
the Roman phase (<1.8 million years). Its main part was 
brought about by the reactivation of previously created 
structural elements. Faults prevail in this structure with dis

placements of several tens, occasionally 100-200 metres. 
NNW-SSE is the predominant direction, with sporadically 
occurring ones at right angle. Even Pleistocene loess was 
affected by the youngest structural movements in the area, 
the age of the movements is thus less than 100,000 years. 
Structural lines still active in Pleistocene are mostly the 
result of the rejuvenation of older faults, strike-slip faults 
can also be observed in some places (southern termination 
of Goldgrund Valley).”

Of the measured joints, 45 were recorded in Pleistocene 
formations (loess). Figure 3 summarises them, clearly indi
cating the absence of explicit rise in data density in 
Pleistocene; joint directions are dispersed in a wide range. 
Nearly horizontal traces of movement could be observed 
on the only fault plane bearing traces of displacement as 
well. Their tectonic origin is, however uncertain. Though 
one part of the measured structural directions is in agree
ment with the results of previous studies in the area ( A d Am  

1964), the latter suffer from the serious disadvantage of 
treating loess as one uniform body. It makes the chrono- 
stratigraphic assignment of these joints and displacements 
impossible according to the finer classification, preventing 
us also from determining whether there is a sort of rise in 
data density in some of the loess bodies of different ages.

The Ofalu-4 geological key borehole situated in the site 
of the Ofalu radioactive waste repository was drilled in the
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Figure 3. Distribution of joints according to dip direction in 
Pleistocene formations ( S í k h e g y i  et al. 1988, Figure 45)

Length of lines in different directions is proportional to the num ber of 
joints measured

3. ábra. Litoklázisok dőlésirány szerinti megoszlása a pleisztocén 
képződményekben ( S í k h e g y i  et al. 1988, 45. ábra)

Az egyes irányokba mutató vonalak hossza a mért litoklázisok darabszámával 
arányos



same period. Its detailed analysis was performed by the 
Geological Institute of Hungary (C hikán  et al. 1989). 
Several joints of various dip angles, and bearing mostly ver
tical slip striae were recorded in the formations of the bore
hole assigned to Lower Pleistocene (in 1998 arranged into 
Tengelic Formation). At the same time, similar planes were 
totally absent in the loess sequence formed during Late 
Pleistocene. Comparison with data of quite a number of 
soil-mechanical and hydrogeological observation wells 
completed during preliminary works of the radioactive 
waste repository (C hikán 1989) allowed us to draw the fol
lowing conclusions: some of the few structural data record
ed in the latter wells can be correlated with data of the key 
borehole. It enabled us to suggest the presence of a N-S 
striking structural line extending all over the study area, but 
not affecting the younger loess formations. West of this 
structural line there is a substantial change in the thickness 
of the loess sequence. Our examination of loess formations 
during recent years (K oloszár  et al. 2000) resulted in 
modifying stratigraphic classes in the area. Accordingly, 
formations still affected by structural movements and their 
overlying beds have been assigned to the Tengelic Formation 
and the lower part of the Old Loess Series, respectively. 
Since traces of structural movements have not been observed 
in the latter at all, we concluded that these structural move
ments prior to 0.7 million years ago.

Attention turned again to the area during the 90s due to 
the exploration for a site for the final disposal of low- and 
intermediate-level radioactive waste (B alla et al. 1998). 
Apart from geological mapping and drilling boreholes, the 
study included detailed examinations aimed at determining 
the history of geological evolution, structural setting and recent 
processes of the area. The 27 wells drilled in the Üveghuta 
and Mórágy regions penetrated sedimentary overlying beds 
younger than Upper Pannonian with a total thickness of 
754.6 m. Phenomena of structural origin (fault, slipping 
plane, joint) were totally absent in this considerably thick 
sedimentary series incorporating all stratigraphic levels of 
Pleistocene formations. Though it is true that drilling data 
is of point-type character, and based on the experience of 
previous field surveys, the chances of hitting one of the 
mostly steep, to vertical. Quaternary fault planes is very low. 
However it is noteworthy that we did not succeed in pen
etrating at least one such plane in the whole Ófalu survey 
area; if such structural elements exist, then we should have 
intersected them in at least one of the boreholes.

Simultaneously with the drilling campaign we also car
ried out the geological interpretation of coloured aerial 
images taken from one part of the area (S íkhegyi 1998). 
These pictures were taken from the surroundings of 
Bátaapáti and Mórágy; the Ófalu Site was not included. 
The interpretation of aerial images contributed largely to 
the separation of Pleistocene and Holocene geological for
mations occurring in the area, as well as to the determina
tion of genetic features of Quaternary sediments, and to 
examining the effects of processes of recent surface evolu
tion. Among these effects slope-related movements are the

most prominent. Areas characterised by denudation and 
accumulation can clearly be distinguished. Interpretation of 
aerial images did not indicate any traces of tectonic effects.

Analysis of drilling profiles and geological profiles 
completed on the basis of compiled geological maps 
(M arsi 2000) show in many cases that considerable struc
tural movements took place in the area during Pleistocene 
prior to the deposition of the Young Loess Series (Figure 4).

The exploration of both the waste repository near Öfalu 
and the Üveghuta site considered the proximity of the Sub- 
Mecsek Line as a factor that could undermine the safety of 
the repository. This line separates the Mesozoic block of 
the Mecsek Range and the granitoids. The majority of 
authors dealing with the tectonic and structural setting of 
Southeastern Transdanubia agree, namely that the Sub- 
Mecsek Line is a significant, old structural zone reactivat
ed frequently during the geological past. Its most recent 
reactivation is assumed to have taken place after Late 
Pannonian (latest Miocene), for Pannonian formations in

Figure 4. Geological section east of Ófalu between drillings 
Ófalu-5 and Cikó-5 (compiled by Marsi 1999)

2 — Ófalu Phyllite Formation, 3 — Vasas Marl Formation, 4 — Budafa 
Formation, 5 — Kálla Gravel Formation, 6 — Somló Formation, 8 — 
Tengelic Red Clay Formation, 9 — Old loess series, lower sequence, 10 -  
Old loess series, upper sequence, 11 — Young loess series, lower sequence, 
12 — Young loess series, upper sequence, 13 — fluvial terrace deposits, 14 
— Upper Pleistocene-Holocene slide-affected deposits, 15 — Upper 
Pleistocene-Holocene slope deposits, 16 — Upper Pleistocene-Holocene 

eluvial-deluvial deposits, 17 — fluvial floodplain deposits

4. ábra. Földtani szelvény Ófalutól K-re, az Ófalu-5 és Cikó-5 
fúrások között (szerkesztette M arsi 1999)

2 — Ófalui Fillit Formáció, 3 — Vasasi Márga Formáció, 4 — Budafai 
Formáció, 5 -  Kállai Kavics Formáció, 6 — Somlói Formáció, 8 -  
Tengelici Vörösagyag Formáció, 9 — Idős löszsorozat, alsó összlet, 10 — 
Idős löszsorozat, felső összlet, 11 — Fiatal löszsorozat, alsó összlet, 12 -  
Fiatal löszsorozat, felső összlet, 13 -  folyóvízi teraszképződmények, 14 -  
felsőpleisztocén-holocén csuszamlásos képződmények, 15 — felsőpleisz- 
tocén-holocén lejtőüledék, 16 —felsőpleisztocén-holocén eluviális-delu- 

viális üledék, 17 -  folyóvízi ártéri képződmények



Figure 5. Profile based on the observation of movements along the 
Sub-Mecsek Line (after M entes 1999)

■  = GPS pillars; #  = nivelling points

5. ábra. A Mecsekalja-vonal menti mozgások észlelésére kijelölt 
szelvény (M entes 1999 nyomán)

■  = GPS pillérek; •  = szintezési pontok

the city Pécs also took part in the movements along the 
fault ( H á m o r  1970, K l e b  1973). Mapping data show clear
ly, however, the progressive change in the character of Sub- 
Mecsek Zone eastward; east of Ófalu it is already overlain 
by Pannonian formations. This feature suggests that any 
young, post-Pannonian activity of Sub-Mecsek Zone is 
highly unlikely, but to be sure we set up a constant moni
toring of recent movements along the zone. This work has 
been carried out by the Geodesic and Geophysical 
Research Institute of the Hungarian Academy of Sciences 
since 1997 by continuous geodesic recordings along a pro

file crossing Sub-Mecsek Line at right angles ( M e n t e s

1999); the measurements during the last three years did not 
indicate any notable movements along this line (Figure 5).

On the basis of special seismic profiling on the river 
Danube, H o r v â t h  and colleagues (1997) carried out an 
analysis aimed at examining tectonic risks with regard to 
the designed radioactive waste repository. They review pre
vious work on the tectonics of the hills in detail, and sup
ported by their own observations seek for evidence of 
active movements in the Quaternary. Seismic measure
ments on the Danube aimed to determine the age of struc
tural elements on seismic profiles, and where the prolonga
tion of the Sub-Mecsek Zone actually cuts the Danube.

The approximately 30 km of seismic measurements is 
of great importance, and can be regarded as an invaluable 
data set concerning the tectonic structure of the region. 
The reported profiles indicate a great number of mostly 
pre-Pannonian structural elements in the basement of the 
Danube section. There are only three structural elements 
along the total length of the profiles causing displacements 
in Pannonian formations, i.e. they are post-Pannonian. The 
most intriguing of them is the section between 7700 and 
8050 CDP of the profile Duna-XII/96 (Figure 6). A 
“flower” structure can be identified there. Its southernmost 
branch causes a displacement even on the base of the 
Quaternary formations. This structure is considered by the 
authors as the eastward prolongation of Sub-Mecsek Zone. 
Examination of the other profiles proved that it was the 
only structure of significance in the reach of Danube 
between Paks and Baja. It has to be noted however, that 
from the west, neotectonic features can only be observed 
up to the village of Erdôsmecske along the section of Sub- 
Mecsek Zone traceable on the surface. Geological map
ping data indicate that from that site eastward it is already 
covered by Pannonian formations ( H e t é n y i  et al. 1982). 
East of the outcrops of crystalline basement the Danube 
profile represents the only data where Tertiary formations 
are involved in structural movements. This considerable 
distance of 20-25 km raises doubts as to whether the two 
structures are indeed the same. The hypothesis that the 
same structural element acts as a normal fault in 
Quaternary and overthrust in Cainozoic formations, which 
must be explained by its reactivation. In addition the struc
tural elements illustrated on the profile are represented on 
the map annex including the profiles as having opposite 
vergence. There is no doubt that post-Pannonian can be 
suggested for the age of the structure, but the effect of the 
southernmost fault on the Quaternary base is not evident. 
Determination of its geological age is further complicated 
by the fact that the age of the lowermost Quaternary is 
unknown. Hence, concerning tectonic activity in the area 
we can conclude that movements younger than 6 million 
years occurred, but it is uncertain whether they were still 
active less than 2.4 million years ago, i.e. later than the 
beginning of Pleistocene.

Neotectonic studies and publications summarised 
above include quite a number of data and information con-
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Figure 6. A detail of the Duna-XH/96 interpreted migrated time profile (after H orváth e t al. 1997)

6. ábra. A Duna-XII/96 értelmezett migrált időszelvény részlete (H orváth et al. 1997 nyomán)

firming tectonic activity of the area during the Quaternary. 
The most direct tectonic evidence is the faults and joints 
reported by Síkhegyi et al. ( 1988) and C hikán ( 1989). The 
structural line displacing Quaternary formations revealed 
through the interpretation of seismic recordings near the

Danube can be regarded as a similar, direct, though more 
uncertain indication (H orváth et al. 1997). Variations in 
the thickness of Quaternary formations found in the sur
roundings of Borehole Ófalu-4 (C hikán 1989), together 
with considerable differences in lithostratigraphic features



and position observed in geological sections (Marsi 2000) 
indirectly suggest Quaternary movements in the area. Quite 
a number of indications provided by geomorphological sur
vey also infer Quaternary activity: streams incised in their 
own terraces, receding valleys and intense transport of 
material along slopes all indicate continuous uplifting of 
the area during Quaternary. This rise is, however, of differ
ent magnitudes: some areas rise more, others less intensely. 
The margin of blocks moving with different intensity is 
controlled with high probability by structural lines formed 
prior to the Quaternary period. Unlike stormy events, they 
are reactivated gently and smoothly. Specific blocks are 
being displaced along each other.

4. The age of Quaternary tectonic phenomena

Tectonic stability of the area is defined by the degree of 
activity of actual structural phenomena. Examination of 
concrete data concerning the age of movements portrays a 
reassuring situation: according to the investigations in the 
Szekszárd Hills (Á d á m  1964) the latest indication of struc
tural movements generating significant displacement can 
be dated as between Würm II and Würm III, i.e. occurring 
more than 27,000 years ago. Other proven structures are 
still older, or their age is uncertain. One of the latest signifi
cant structural changes occurred between the deposition of 
the Old Loess Series and Tengelic Formation, at least 0.7 
million years ago. It can be traced in the log of Borehole 
Ófalu-4. An even younger, 280,000 year old movement left 
some traces observable in geological sections of the N fore
land of the Mórágy Hills, 4-5 km westward of the Üveghuta

site (Marsi 2000). The age of the reactivation of the struc
tural line revealed through the interpretation of seismic 
profiles at the Danube is considered uncertain, since the 
age of sediments forming the base of Quaternary in the 
related site is unknown.

5. Summary

The notion of tectonic stability of an area during a cer
tain period refers to the absence of structural effects in the 
given time slice that would seriously change rock charac
teristics, subsurface water flow patterns, and stability. 
Concerning radioactive wastes of low and intermediate 
activity this period lasts around 600 years. During this time 
the possible occurrence of faults or displacements facilitat
ing the migration of radioactive materials to the surface 
must totally be excluded.

Data of the Üveghuta site and its surroundings show 
that despite the constant uplift of the area, there are not 
any tectonic risks associated with the selected site. It is due 
to the facts that the latest faults inducing significant dis
placements are older than 27,000 years and they are more 
than 5 km away from the site. The term “young”, referring 
to the age of structural movements brought up frequently 
in discussions during exploration must be treated with cau
tion: while even Cretaceous volcanism can be considered 
young as compared to the formation period of granites, 
each of the structural movements referred to with the same 
term took place during Pleistocene. Hence on human time 
scale with reference to the life cycle of the repository they 
are not considered young.
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