
Introduction

The present study was compiled as a part of the
exploration for assessing the possibilities of low- and inter-
mediate-level radioactive waste disposal in the environs of
Bátaapáti. Its aim is to investigate the subsidence (burial)
conditions of the study area. The area consists of the
Mórágy Granite Formation (Palaeozoic), regarded as the
potential host rock of the radioactive waste, and the closely
related Ófalu Formation (Palaeozoic), as well as the
Jurassic succession in the NW corner of the research area.
The latter is connected tectonically to the above mentioned
formations (Figure 1). The idealised geological profile ed-
ited by G. Császár for the area between the Mecsek and
Villány Mts. served as a model for plotting the subsidence
curves (Figure 22, p. 34 in CSÁSZÁR 2002).

Geological background

Geologically, the area represents a part of the Mecsek
Zone (northern tectonic element of the Tisza Unit – FÜLÖP

1994). It is of a syncline character and is situated on the S
flank of the Zone. In the environment of the Mórágy Block

opinions differ as to the boundary of the Mecsek and Villány
Zones, the nature of the formation contacts, as well as the
kind and direction of movements along structural elements.
This is so despite the considerable volume of drilling re-
search that has taken place. Their analysis is not a task of this
study and thus it is mentioned as an example only that the
majority of the authors do not take any particular stand on
the tectonic character of the Mórágy Block and the closely
related Mecsekalja Zone. This zone is composed of meta-
morphites of the Ófalu Formation (Palaeozoic), as well as
the Mesozoic range connected to them from NW (FÜLÖP,
DANK 1987; BARABÁS, BARABÁS-STUHL 1998, etc.]. Ac-
cording to TÖRÖK (1998), the Villány Zone is thrust on the
Mecsek Zone even here, while according to BALLA (1981)
the thrust is just the reverse in this section. However, accord-
ing to CSONTOS (1995) this is a dextral fault line. On the
maps of the last report (BALLA et al. 2003) of the exploration
for the disposal of low- and intermediate-level radioactive
waste coming from the nuclear power plant, this structural
line is not qualified, either.

With regard to the southern boundary of the Mórágy
Block, the points of view also vary. The map of FÜLÖP,
DANK (1987) marks a sedimentary contact between the Mór-
ágy Complex and the Triassic sequences, while according to
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Abstract

The aim of this study was to reconstruct the subsidence and burial history of the low- and intermediate-level radioactive waste disposal in its
potential repository area. The research area can be subdivided into two subareas of different geological settings. In the larger subarea (Mórágy
Block) there are mainly granitoid rocks on the surface but usually covered by Quaternary and  in a few cases Pannonian sediments. In the Zsibrik
Block the granitoids rocks are covered by Lower Palaeozoic metamorphites and in part by Jurassic and Neogene formations. The significant differ-
ences between the two areas from the Carboniferous onwards are expressed in the Figures 3 and 4.



BARABÁS, BARABÁS-STUHL (1998) the contact is tectonic —
in fact with a sinistral shift.

The boundary between the Mecsek and Villány Zones
cannot be clearly delineated in the area S of the Mórágy
Block. Among others, the uncertainty is well-reflected in
the Mesozoic sequence of transitional character of the
Máriakéménd–Bár Range; this is situated between the
Mecsek and the Villány Zones. The structural elements of
this range are not documented with due reliability, either. In
connection with the latter, at the moment the knowledge on

the basement of the Ellend Basin bordering the Mórágy
Block from the S is rather poor; here sequences older than
Triassic were not explored. The significant distance-short-
ening during the early Late Cretaceous sub-Hercynian (pre-
Gosau) phase — also did not contribute considerably to
marking the boundary between the structural zones.

In the territory of the Tisza Unit, the Lower Palaeozoic
formations suffered a low- to medium-grade (from phyllite
to amphibolite facies) metamorphism during the Variscan
tectonism (SZEDERKÉNYI 1998). Within this interval, the lat-
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Figure 1. Geological map of the basement surface in the close vicinity of the Bátaapáti (Üveghuta) Site. After BALLA et al. (2003), a fragment
1–2 — Lower Jurassic sediments: 1 — exposed, 2 — buried; 3–6 — Palaeozoic Mórágy Granite Formation: 3–4 — monzogranite: 3 — exposed, 4 — buried; 5–6 — mon-
zonite: 5 — exposed, 6 — buried; 7–8 — Palaeozoic metamorphic rocks of the Mecsekalja Zone: 7 — exposed, 8 — buried; 9 — tectonic contact of the Mecsekalja
Zone; 10 — boundary between the monzonites and monzogranites; 11 — stratigraphical boundary; 12 — contour lines of the basement surface, 

each 10 m asl; 13 — extent of the compilation area

1. ábra. A Bátaapáti (Üveghutai)-telephely közvetlen környékének alaphegységfelszín-térképe. BALLA et al. (2003) nyomán, részlet.
1–2 — alsó-jura üledékek: 1 — kibúvásban, 2 — fedetten; 3–6 — Paleozoikum, Mórágyi Gránit Formáció: 3–4 — monzogránit: 3 — kibúvásban, 4 — fedetten; 5–6 —
monzonit: 5 — kibúvásban, 6 — fedetten; 7–8 — Paleozoikum, a Mecsekalja-öv metamorfitjai: 7 — kibúvásban, 8 — fedetten; 9 — a Mecsekalja-öv tektonikus határa;
10 — monzonit és monzogránit határa; 11 — rétegtani határ; 12 — az alaphegység felszínének szintvonalai 10 m-enként (Bf); 13 — a szintvonalak 

szerkesztési határa



ter ones predominate owing to the intensive erosion during
the formation of molasse. In extreme cases, very low grade
(e.g. Szalatnak Slate) and high-grade (e.g. Görcsöny Eclo-
gite) metamorphites also occur as nappe outliers. The latter
ones were determined by BALLA (1981) as being of Caled-
onian origin.

Based on the material of the probably well-separated
Carboniferous and Permian sedimentary cycles, the grain
size of the detritus, and the distribution of the accumulation
areas during the Variscan tectonism, the conclusion can be
drawn that the erosion could have been rather intense and
general during both tectonic phases. At the beginning the
products of the erosion were accumulated outside the terri-
tory of the Tisza Unit. In a later stage of the erosion the accu-
mulation of the sequence, reaching even several thousand m,
took place in a very uneven distribution in intramontane
basins within the Tisza Unit. Such basins are known in the
Western Mecsek Mts. and its W foreland.

In the course of the Early Triassic, the territory was more
or less eroded to a balanced level while the depressions were
filled up. As a result of the transgression at the beginning of
the Middle Triassic, carbonate formations of ramp and then
— differently from area to area — carbonate platform,
slope, and basin facies were deposited on the basement. The
latter continued to subside but at an uneven degree. On the
invariably mobile basement, clastic formations were accu-
mulated in fluviatile environment during the Late Triassic;
however, the rate of accumulation and erosion were decreas-
ing southward. A remarkable phenomenon on the basement
maps (FÜLÖP, DANK 1987) is that in the territory of the Great
Hungarian Plain — and especially in the Mecsek Zone with-
in it — the zone of the Triassic (and Jurassic) formations be-
comes narrower eastwards between the zones of the crys-
talline and the Cretaceous formations. In the Máriaké-
ménd–Bár Range, in the cover of the Permian layers with
their decreased thickness, only the lowermost part of the
Middle Triassic was preserved besides the Lower Triassic.

Up to the top of the Middle Jurassic, the Jurassic forma-
tions were developed in Gresten and mottled marl (Allgau) fa-
cies within the Mecsek Zone. Besides the more or less identi-
cal nature of the facies, the thickness of the individual forma-
tions and even that of the whole sequence are show extreme
variations: locally a difference of several orders of magnitude
can be noted. The sequence of the Mecsek Zone, grading from
fluviatile into marine development, reached its maximum –
accompanied by gradual subsidence – during the detachment
of the Tisza Unit from the European Plate. Within it, a north-
ward deepening (with silica content increasing towards the N
and southward increasing carbonate content, accordingly) is
outlined on the basis of the sequences in the Great Hungarian
Plain. As opposed to the continuous sequence in the Mecsek
Mts., the Villány Zone is of lacunar development. At the same
time the Villány Zone as a whole was of submarine ridge char-
acter in the Jurassic, at the end of the latter it became a shallow
marine carbonate platform. In the area to the SE of the Mecsek
Mts. (in the Máriakéménd–Bár Range), the Jurassic sedimen-
tation began only in the Middle Jurassic.

In the Mecsek Zone, the Lower Cretaceous series is rep-
resented by basalt varieties that are the products of an early
phase of submarine rifting. After the uplift and erosion at the
beginning of the Late Cretaceous, accompanied by nappe
formation, the volcanic–sedimentary sequence of deep sea
and at the same time atoll character, was replaced by a newer
sedimentary cycle not later than in the Late Cretaceous. To
the E of Szolnok the basin turned into a flysch trough within
which a lacunar sequence accumulated, lasting until the
Oligocene. On the basis of boreholes in the Danube–Tisza
Interfluve, there is no doubt that the Mecsek Mts. and its en-
vironment were covered by the Upper Cretaceous sedi-
ments, as well. Based on the terrestrial and fluvial Palaeo-
gene, known from the environs of Szigetvár, it can be as-
sumed that a more generally extended accumulation may
also have taken place in certain places and periods besides
the general erosion.

In the Villány Zone, owing to a short subaerial period,
bauxite accumulation took place due to the distant effects of
the basalt volcanism in the Mecsek Zone at the beginning of
the Cretaceous. Further on, an extensive carbonate platform
existed till the Albian stage, followed by hemipelagic marl
then flysch-like sediments developed in a flexural basin.
Here, the Upper Cretaceous forms an independent sedimen-
tary cycle whose preserved sediments can be found only in
the Danube–Tisza Interfluve and Trans-Tisza area. In the
west this is more calcareous than that in the Mecsek Mts. and
shows less pronounced flysch features in the east. In the
Hungarian part of the zone, Palaeogene sediments were not
encountered.

Creation 
of the subsidence history curve

The subsidence history curve was prepared according to
the method applied by GRADSTEIN, SRIVASTAVA (1980). In
this method the geological time (geochronological units)
and the radiometric ages from the Carboniferous until the
present are indicated on the horizontal axis, while the depth
conditions (thickness of the formations and the water depth)
can be found along the vertical axis. During the analysis, the
reflection of the effects of the increasing load pressure were
disregarded, as were also the compaction calculations ap-
plied by MAYER (1987) for detecting the real maximal depth
conditions. Thus the curves in Figures 2 and 3 correspond to
the curve without compaction correction, marked with uRs
by VAN HINTE (1978). As a matter of fact, given the lack of
compaction correction in the original (at the time of the sedi-
mentation) the thickness of the individual formations cannot
be established. Thus the so outlined “greatest depth” of the
given formation or surface — to a certain degree — falls be-
hind the real depth. However, since the used “thickness
data” are frequently only estimated values, their limit of
error is smaller than that of the data mentioned before, thus it
is considered unnecessary to carry out decompaction calcu-
lations. Moreover, according to KEEN (1979) the correction
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has significance only if the profile contains a section with a
clayey–silty (mudstone) character and has considerable
thickness. During the evaluation an attempt was also made
to take into account boththe eustatic sea-level changes and
the time of the well-known tectonic events.

Subsidence curves

In accordance with the above, an independent diagram
was prepared for each of two districts within the research
area for investigating the possibilities of radioactive waste
disposal. One of the districts is represented by the area com-
prising the surface and near-surface occurrences of the
Palaeozoic crystalline sequences of the Mórágy Block
(Mórágy Granite Formation and Ófalu Formation). The
other district is situated in the NW corner of the research
area, marked by the Village of Zsibrik, where Jurassic se-
quences can be found on and near the surface. The analysis
covers only the subsidence (burial) conditions of the forma-

tions belonging to the Alpine structural system, including
the Permian molasse sequence.

Subsidence history 
of the Mórágy Block

Carboniferous sediments are not known in the immedi-
ate environment of the Mórágy Block. The nearest bore-
holes that penetrated Carboniferous sediments with certain-
ity, can be found in the foreland of the W side of the Villány
Mts. and to the NW of it. Given the lack of palaeontological
data, the presence of Carboniferous sediments is only proba-
ble in the region of Nagykőrös. On this basis, it should be as-
sumed that a quick and considerable relief uplift and a con-
sequent intense erosion took place in the predominant part
of the Tisza Unit during the Late Carboniferous as a result of
the orogenic phase. On the basis of the deposition of the
Permian sequences on the crystalline basement (in the
greater part of the Western Mecsek Mts, Boreholes Nagy-
kozár Nk–2, Máriakéménd Mk–3, Somberek Smb–1, etc.),
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Figure 2. The subsidence curve of the Mórágy Block
On the geological time axis, the international codes (ICS 2004) are indicated: C = Carboniferous, P = Permian, T = Triassic, J = Jurassic, K = Cretaceous, 

E1 = Palaeocene, E2 = Eocene, E3 = Oligocene, N1 = Miocene, N2 = Pliocene, Q = Quaternary. 1 — water depth, 2 — depth to the crystalline basement 

2. ábra. A Mórágyi-rög süllyedési görbéje
A kortengelyen a földtani korok nemzetközi kódjai (ICS 2004) állnak: C = karbon, P = perm, T = triász, J = jura, K = kréta, E1 = paleocén, E2 = eocén, 

E3 = oligocén, N1 = miocén, N2 = pliocén, Q = negyedidőszaki. 1 — a tenger mélysége, 2 — a kristályos aljzat felszínének mélysége

Figure 3. The subsidence graph of the Zsibrik Block
For captions see Figure 2

3. ábra. A zsibriki terület süllyedési görbéje
Jelmagyarázat a 2. ábrán



it can be regarded as proved that most of the area remained
as an erosional relief until the end of the Late
Carboniferous. Sediment accumulation took place only in
the intramontane basins. The newer orogenic phase at the
end of the Carboniferous – at the beginning of the Permian
had a result largely similar to that of the Carboniferous
events. With regard to the Mecsek and Villány Zones, after
the initial general erosion the western areas became accu-
mulation reliefs. The accumulation extended slowly to-
wards the E which is proved unambiguously by the 1,068 m
and 487 m thick Permian sequences of boreholes Mk–3
and Smb–1, respectively; this is especially true if it is taken
into account the facts that the lowermost formation of the
Permian (the Korpád Sandstone) as well as the uppermost
formation of the Permian (the Kővágószőlős Sandstone)
are missing from the latter borehole. The Boda Siltstone,
omitted from here due to facies reasons, has a similar indi-
cation. According to BARABÁS, BARABÁS-STUHL (1998),
the Jakabhegy Sandstone is also deposited with a signifi-
cant hiatus in Borehole Smb–1. In that part of the Mecsek
Zone which is in the basement of the Great Hungarian
Plain, no Permian formations occur at all. In the Villány
Zone — in the environs of Kiskunmajsa — three boreholes
penetrated the Gyűrűfű Rhyolite. However, sedimentary
formations are not known here, either (MAJOROS 1998).
Therefore it follows that those parts of the two zones which
are in the basement of the Great Hungarian Plain were situ-
ated above the erosion base level essentially throughout the
Permian period.

Today, the territory of the Mórágy Block is partly on
the surface and partly covered by a thin Neogene to Qua-
ternary sequence. The tectonic position of the Block is not
totally clear, at present. Its WSW-vergent wedge shape
makes the impression that the areas to the SE and NW of it
were shifted towards NE relative to it — that is it, is bor-
dered in the NW by a dextral and in the SE by a sinistral
faults, respectively. Accordingly, here a Permian sequence
with a smaller thickness (approximately 300 m) than that
at Somberek (Figure 2) was taken into account. Without
giving sources, TÖRÖK (1998) mentioned a 130–200 m
thickness of the Jakabhegy Sandstone of Early Triassic age
in the territory of the Mórágy Block. Though even he does
not mention a younger Triassic sequence, it is no reason to
assume that the area did not become an accumulation relief
during the Triassic period. This is referred to also by the
fact that in Boreholes Smb–1 and Mk–3, to the S of the
area, Jakabhegy Sandstone, and in the latter one even Pa-
tacs Siltstone (Early Triassic) occur underneath the Middle
Jurassic sequences (TÖRÖK 1998). It has a similar signifi-
cance that scarcely rounded detritus of dolomite material,
forming layer-like lenses, appears in the Lower Jurassic se-
quence of the Zsibrik area, This indicates transportation of
very short range. Due to the mentioned structural uncer-
tainty, it cannot be declared that the source of the material
was the present-day area SE of the occurrence. However,
since Triassic, Jurassic and even metamorphic sequences
appear near the present-day southern margin of the

Jurassic sequences also in the other Jurassic formations
(NÉMEDI VARGA 1988), the source cannot be regarded
point-like. Thus the area can be considered as relatively
uplifted even over a longer range, so the Triassic sequence
can be assumed to have a thickness more moderate than on-
average — altogether some 700 m (Figure 2). Within it, the
smaller accommodation rate can obviously be put to the
Late Triassic.

There are no direct data on the Jurassic formations in the
territory of the Mórágy Block. However, based on the above
it can be regarded as an area with a relatively uplifted posi-
tion. This is even so for the Jurassic period where sedimenta-
tion took place at least episodically also during the Early
Jurassic. Within the Mecsek Zone, NÉMEDI VARGA (1988)
mentioned varied detritus from the Jurassic formations as
follows: Lower Jurassic Hosszúhetény Calcareous Marl
(Upper Triassic coal pebbles, Lower Jurassic calcareous silt-
stone, Lower Jurassic mottled marl), Lower Jurassic
Mecseknádasd Sandstone (Triassic and Lower Jurassic de-
tritus in the environs of Apátvarasd, the product of the sub-
aerial erosion of the Máriakéménd–Bár Range) and Middle
Jurassic Pusztakisfalu Limestone (quartzite and crystalline
schist pebbles). This latter already come into beingin the
early Middle Jurassic phase and is characterised by the
unanimous deepening of the Jurassic sea. There is already
no trace of redeposited detritus in younger formations.
Accordingly, a significant deepening is demonstrated also
by the curve obtained during the Middle Jurassic. Thus the
subsidence was a consequence of not mainly the increase in
thickness of the formations but rather of the deepening of the
sea. At this time, the water depth exceeded even 500 m while
the base of the series approached 2000 m. At the end of the
Late Jurassic, the subsidence was more or less in harmony
with the accumulation.

The balance broke down at the end of the Middle
Cretaceous. On the basis of the analogies in the Mecsek and
Villány Mts, at this time a quick and intense uplift took place
due to the pre-Gosau compressional tectonic movements.
As a result of the latter, the greater part of the so far accumu-
lated formations eroded. During the Late Cretaceous, even
the territory of the Mórágy Block was flooded for a short pe-
riod of time by the sea, in accordance with the transgression
in the Mecsek and Villány Zones.

On the basis of the events known in the Szolnok Flysch
Trough, it cannot be excluded that in this area sedimentation
took place occasionally also in the Palaeogene and it could
even have been a marine one. It is obvious that the area basi-
cally uplifted and erosion also took place during already in the
Palaeogene. At this time, not only the product of the Upper
Cretaceous and Palaeogene sedimentary cycle but also the
Permian and Triassic sequence, preserved during the previous
erosion period, disappeared. In the Neogene, only an insignif-
icant amount of marine and lacustrine sediments accumulated
in the area, and mainly in its marginal parts. Similarly, the
Pleistocene could be the period of rather the erosion than the
accumulation, though this has already no importance from the
point of view of the shape of the subsidence curve.
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Subsidence history 
of the Zsibrik Block

In agreement with the fact that the Zsibrik Block has a
more western origin than the Mórágy Block and is situated
in the NW corner of the research territory, it falls closer to
the Permian depocentre; this is accordance with the infor-
mation presented when describing the evolutionary history
of the Mórágy Block. Thus, it is very probable that the
Permian sequence, about which there are no factual data,
may be thicker than the previous one — i.e. about 700 m
(Figure 3). At the same time, despite its more western origin
the presence of Carboniferous sequences in the footwall of
the Permian does not seems probable, here either. With re-
gard to the thickness and formation depth of the Triassic se-
quences, no significant difference between the two areas can
be seen —  either series by series or in total — and thus the
course of their subsidence curves are also taken to be identi-
cal. The situation is different in the case of the Jurassic. Due
to the more western and at the same time more northern ori-
gin of the Zsibrik Block, the Lower Jurassic but even the
Middle Jurassic sequences are much thicker. In addition the
height of the water column above it increases rapidly. In
other words, the area is a part of a quickly subsiding territory
where the sedimentation already could not keep step with
the subsidence and did not reach even the half of it. During
the Late Jurassic the rate of subsidence still exceededslight-
ly that of the sediment accumulationm and thus the basin
deepened a bit further. At the beginning of the Early
Cretaceous the subsidence stopped and thus by the forma-
tion of the Mecsek-type (continuously eroding and develop-
ing) atolls the depth of the basin between the atolls de-
creased. This was in accordance with the degree of sediment
accumulation. The stabilisation of these conditions can be
assumed in the Middle Cretaceous, as well.

Due to the pre-Gosau (sub-Hercynian) orogenic move-
ments, approximately 1500 m basement uplift took place
and this was accompanied by the erosion of the 500–700 m
thick sediment. In the course of the Late Cretaceous, the area
was flooded again by the sea, the water depth of which hard-
ly exceeded 200 m. At the beginning of the Palaeocene a
newer, probably very unbalanced uplift took place, and this
could have reached even 2000 m in the area in question, pos-
sibly resulting in the erosion of at least 1500 m of sediment.

It cannot be excluded that terrestrial–fluviatile sediments of
greater thickness accumulated occasionally in the intramon-
tane basins during the Palaeogene, but there was only a
slight chance of its preservation. At the beginning of the
Miocene, the series of events leading predominantly to ero-
sion still continued but in the Middle and mainly the Late
Miocene the sea slowly flooded the area again. Later it grad-
ually became a freshwater lacustrine environment. In the
Pliocene, this part of the Pannonian Basin was also filled up
totally. It is worth mentioning that the Miocene and Pliocene
formations become intensely thicker N of the research area
(Borehole Hidas Hi–53). In the Pleistocene terrestrial sedi-
mentation and erosion alternated, maybe with the predomi-
nance of the former.

Summary

The research area is subdivided into two structural units
that are besides each other, probably due to horizontal move-
ments. The greater part of the research area is composed of the
Mórágy Block; that latter is joined in the NW by a territory
called the Zsibrik Block. On the former, the Palaeozoic
Mórágy Granite Formation can be found on the surface, pre-
dominantly covered by Quaternary or, exceptionally, by thin
Upper Miocene – Pliocene sequences. On the NW margin of
the block, the Palaeozoic Ófalu Formation is situated. Recent
knowledge on the structure of the Zsibrik Block is insuffi-
cientand thus in several cases it was necessary to rely on
analogies in the course of the evolutionary and subsidence
history reconstructions. The subsidence histories of the two
areas agree in their characteristic features. However, in the
area in a more southern position (and more eastern origin, at
the same time) the lack of sediments is more significant in the
Permian and the Mesozoic, but the greatest difference is de-
rived from the generally higher, range-like nature of the area.
Thus, while the surface of the crystalline formations exceeded
even a 4000 m depth in the Late Jurassic – Early Cretaceous in
the Zsibrik Area, the surface of the Mórágy Block may have
subsided only slightly below 2000 m. Assuming that during
the Palaeogene this area uplifted to the same degree as the
Zsibrik Area, even 1000 m of the granite may have been erod-
ed and the present-day surface of the crystalline formations
may have reached a depth of 3500 m during the subsidence.
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