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Detailed geological mapping carried out since 1996 in the eastern part of the Mórágy Hills has led to a number of new results con
cerning the stratigraphy and evolutionary history. Using and re-examining all archived geological data available from the area, we outline 
the superficial and subsurface extent, stratigraphic position, thickness, characteristic facies, lithology as well as age of the Neogene and 
Quaternary sedimentary cover of the granites. While summarising Neogene sequences, we describe six formations based on their differ
ent sedimentary environment.

The stratigraphic position, lithology and age of the granite rubble and Tengelic Red Clay Formation formerly unknown in the region 
is covered in detail. A theoretical stratigraphic column is also outlined to describe the Paks Loess Formation using data from the Mórágy 
Hills and Tolna Hegyhát Hills, defining and characterising its lithological units. In terms of genetic features, the fluvial, colluvial, delu
vial and proluvial sequences are presented separately.

In the chapter summarising the evolutionary history we give a detailed analysis of the various phases -  Middle Miocene transgres
sion, Late Pannonian sedimentation, post-Pannonian terrestrial sedimentation, loess accumulation — describing in more detail different 
facies characteristics within specific phases, the sedimentary environments and related processes.

1. Introduction

The exploration aimed at siting the repository for the 
disposal of low- and intermediate-level radioactive waste in 
granites has concentrated recently on the eastern part of 
the Mórágy Hills. This paper evaluates the geological data 
of the Cainozoic cover in the 100 km2 surroundings of the 
potential repository site (Figure 1).

In this region Palaeozoic and Mesozoic rocks are covered 
by Neogene and Quaternary sequences. The waste should be 
disposed of in the crystalline basement. Nevertheless, clas
sification and description of the sedimentary cover would 
also be of crucial importance for learning the geological as 
well as palaeogeographic setting and history of the evolu
tion of the area. The interpretation covers the examination 
of spatial distribution and composition of overlying beds, 
and a detailed presentation of the weathering crust devel
oped on the granitoids. The classification of Quaternary 
sediments in formations and complexes as well as the cor
relation of horizons of different complexes are especially 
important.

Due to the very poor exposure of the area the strati
graphic interpretation is based essentially on the geological 
data of deep boreholes and well logging. Aerial images 
were also evaluated for delineating the areal extent of collu
vial, deluvial and proluvial-deluvial sediments.

Figure 1. General sketch of the Üveghuta study area 

1. ábra. Az üveghutai kutatási terület áttekintő vázlata



2. Geographic position

The study area covers approximately 10x10 km. It is sit
uated in Southeastern Transdanubia, basically in the coun
ty of Tolna and subordinate^ in Baranya. Its NW, NE, SW 
and SE corners are near the villages of Cikó, Alsónána, 
Feked, and it lies south of Bátaszék, east of Leperdpuszta. 
Geographically, the study area lies across the boundary of 
the Baranya and Tolna Hills medium land units, in the 
region of the Szekszárd and Geresd Hills (Marosi and 
Somogyi 1990). Due to the fact that the most important 
rock of the area — granite — is associated with the name 
Mórágy, the Mórágy Hills has been introduced in geologi
cal literature as the term of the small land unit including 
the study area.

The area comprises a hilly land forming the SSE fore
land of the Mecsek Range. It is characterised by relatively 
large differences in altitude. Its highest and lowest points 
are 302 m and 90 m asl., respectively. The site is in the central 
part of this area. It can be described by a number of geo- 
morphologic features, like relatively dense and deep erosion 
valleys transformed by derasion and slides, flat and wide 
derasion valleys, gullies, small loess highlands preserved 
from denudation, narrow intra-valley hills, some small allu
vial fans formed at the foot of slopes, degradation and 
aggradation slopes and other features of sliding and mass 
movements (Síkhegyi 1998). The most important ele
ments of the drainage network belong to the catchment 
area of the Karasica, Lajvér, Csele and Rák streams. The 
most important part of the area is under forestry, the lesser 
part under agricultural cultivation. In gentler slopes, intra
valley hills and uplands, hornbeam-oak, Turkey oak and 
pine tree biotopes can be found.

3. History of geological research

The history of geological research of the area is closely 
associated with the research history of the most typical out
cropping geological sequences — granite, Mesozoic rocks 
and loess. This paper summarises only the results related to 
the investigation of Cainozoic sequences.

The geological research of Miocene sequences of the 
area is associated with the geological mapping of the Mecsek 
Range and its surroundings, and the prospection of the 
Hidas Brown-coal Basin. Földi (1966) and Hámor (1964, 
1970) played a leading role in this work. The detailed, 
1:10,000-scale mapping of the Mecsek Range also provided 
major input to the area. The map sheet Ófalu and its 
explanatory notes have been published (Hetényi et al. 1976). 
Partly the former geological survey, and partly the industri
al research into the ceramic clay deposit in Bátaszék con
tributed to the understanding of Pannonian sediments. 
Several studies on Pannonian sequences were completed in 
the Department of Geology and Palaeontology of the 
József Attila University of Sciences in Szeged (Szónoky 
1996, Szónoky et al. 1992, 1993, 1999, Lennert 1985).

Compared to their thickness and extent, for a long time 
Quaternary sediments received comparatively little atten
tion from experts surveying the area. Though the geological 
map of Vadász (1935) is a drift map, Quaternary sedi
ments are comparatively poorly classified. The drift map 
was not considered by the detailed geological mapping of 
Mecsek Range as a map version. Nevertheless, Moldvay 
(1964, 1966) classified Quaternary sediments of the area 
within the framework of this study. The most exhaustive 
data on Quaternary sediments can be found in the final 
report of the radioactive waste repository planned near 
Ófalu (Juhász 1989). In the 1990’s the Department of 
Geology and Palaeontology of the József Attila University 
of Sciences in Szeged launched a study of the geochemical 
features of the loess sequence in South-eastern Transdanubia. 
Some of the processed sections are in the area of the 
Mórágy Hills (H um and Fényes 1995, Hum 1997). Some 
of the results from this investigation were published by 
Kókai ( 1997) in a work summarising the results of the pre
vious research. The stratigraphy and correlation of Quaternary 
sediments in the immediate, 1 km2 surroundings of the 
Üveghuta candidate site are summarised in another publi
cation (Koloszár and Marsi 1999).

4. Stratigraphy and correlation of the neogene and 
quaternary sedimentary cover

In order to extend the correlation of sedimentary cover 
concerning their layers, sequences and formations beyond 
the direct surroundings of the candidate site, we used not 
only drilling data near Üveghuta, but to a certain extent 
also information of all other, archived boreholes drilled in 
the area. In this respect we re-examined first of all the sec
tion of mapping boreholes made between 1988-90 by the 
Department of Southern Transdanubia of the Geological 
Institute of Hungary near Mórágy Hills, and survey bore
holes of MÁFI in its research campaign for the later aban
doned Ófalu waste repository site. Related results of labo
ratory analyses were also re-evaluated. Additionally, in 
order to reveal important diagnostic features in the compo
sition of overlying beds — first of all Tengelic clay and loess 
sequence — we also used data from Boreholes Udvari-2A 
(Koloszár 1997), Diósberény-1A (Marsi 1997) and 
Tengelic-2 (Halmai et al. 1982), the first two drilled in the 
Tolna Hegyhát Hills and the latter in the Southern Mezőföld 
(central east Transdanubia), respectively.

Based on the large and somewhat complex database we 
made a sophisticated comparison based on uniform criteria 
of each separate layer described in the field in 55 boreholes, 
followed by a correlation with similar beds from other bore
holes. In the Cainozoic cover 10 main units were identified 
in the boreholes. Their variations from borehole to bore
hole were also evaluated (Marsi 2000a).

During the field study of palaeosols we documented 
their visual features. Based on this data, additional results 
of laboratory analyses allowed us to make a soil genetic



qualification and classification of units identified in the 
field. Following the method applied for recent soils in genetic 
soil mapping, palaeosols have been classified according to 
their features in the field in A, B and C levels from top 
downwards (Várallyay and Fórizs 1966). Additionally, Á 
(transitional), and J (juvenile) levels as well as I (inverse or 
re-deposited) sections of palaeosols have also been distin
guished (Marsi 2000b). While processing data and qualifying 
palaeosols we applied Hungarian as well as the international 
classification criteria outlined by Stefanovits et al. (1999).

Concerning the age of overlying beds, the scale approved 
by the Hungarian Stratigraphic Committee (HSC) was 
used. In this respect both Lower and Upper Pannonian sed
imentary sequences are assigned to Miocene. The guide
lines of the HSC and the Geological Institute of Hungary 
were adopted for the chronostratigraphic classification of 
Quaternary sequences as well. Consequently, the lower 
boundary of Quaternary has been drawn at 2.4 M years 
(C sászár 1997). Furthermore, the boundary between 
Lower and Middle Pleistocene has been based on the 
boundary between the corrected Matuyama- Brunhes palaeo- 
magnetic chrons at 0.78 M years (Berggren et al. 1995). 
Polarity zones of palaeomagnetic measurements have also 
been identified with the same (Berggren et al. 1995) 
polarity time scale.

4.1. Miocene sequences

Cainozoic sedimentation started in Middle Miocene in 
the study area. In a chronostratigraphic and lithostratigraphic 
sense the sedimentary sequences represent two and three 
units, respectively.

4.1.1. Karpatian Stage: Budafa Formation — gravel, sand 
with gravel

This is the oldest Cainozoic sequence known in the area. 
It is restricted to the western part. The boreholes Cikó-4 
and Cikó-5 intersected it in the southern part of the Hidas 
Basin, while it also occurs in exposures NW of Feked. Its 
thickness does not exceed 10 m. These ill-bedded fluvial 
sediments including gravelly sand, sandy gravel and occa
sionally some boulders, are composed partly of granitoid 
gravel typical for the denudation foreland of the range, 
partly by well rounded gravel of the metamorphite complex 
south of the related area, and subordinate^ by Permian 
rhyolite (quartz porphyry) gravel. Apart from predominant 
quartz, weathered feldspar and pale biotite can also be 
found among the finer constituents. In exposure the 
sequence is yellow to brownish yellow, whereas the layers 
recovered in boreholes are rather grey. They are essentially 
loose, and free of fauna. They are underlain throughout the 
whole area by basement sequences.

4.1.2. Badenian Stage: Pécsszabolcs Limestone Formation 
-  “Lower Lajta Limestone”

In contrast to its name, instead of limestone this 
sequence is composed of clastic components. It is restrict

ed to the NW and SE corners of the area. Its most typical 
occurrence was found in Borehole Mőcsény-IV where the 
sequence starts with boulders resting on the basement and 
comprising debris of local rocks. Grain size progressively 
decreases further up the profile. In its higher level some 
other debris from the foreland can be observed as well, 
such as Mesozoic limestone gravel. Grain size continues to 
decrease further up the profile and the grains are cemented 
by a carbonate matrix. The sequence becomes greenish 
grey to greenish yellow, while finer grains are composed of 
rock debris, quartz and feldspar, formed essentially , through 
the physical disintegration of gravel. It is a hard rock with 
an uneven fracture. In boreholes it is less than 10 m thick, 
though thicker occurrences can be assumed in the SE part 
of the area near Bátaszék, although it was not cut by bore
holes there.

4.1.3. Badenian Stage: Hidas Browncoal Formation — 
argillaceous marl, sand, brown coal

It occurs in patches in the NW part of the study area, 
along the margin of the Hidas Basin. Its 5 m thick section 
was cut by the Borehole Mőcsény-IV. It is built up of yel
low, pinkish, gravely sandstone, including some dispersed 
organic matter and alternating with thin clay-marl interca
lations. Apart from debris of the foreland, quartz, weath
ered feldspar, pale biotite and muscovite can be observed. 
Some of its layers are cemented by a carbonate matrix, while 
some others are loose. It includes a lot of eroded mollusc 
crusts, some which being the crests of Congeria-like shells.

4.2. Upper Miocene (Pannonian s.l.) sequences

Pannonian sediments are absent in the area of the can
didate site. They are, however, present in its wider sur
roundings overlying partly Miocene and partly basement 
sequences. Like Middle Miocene sequences, in both 
chronostratigraphic and lithostratigraphic sense, they rep
resent two and three horizons respectively. Their strati
graphic patterns, facies characteristics and features of the 
granitoid basement are of crucial importance in revealing 
the history of evolution of the area. Therefore we collected 
field data of Pannonian sediments registered during map
ping campaigns and carried out stratigraphic correlations 
of MÁFI mapping boreholes. Altogether, the correlation 
involved 18 borehole profiles cutting through some Pannonian 
sediments, as well reaching in all but one the related under
lying sequences. 15 of the boreholes also recovered the 
basement. The study was completed by analysing expo
sures of Upper Pannonian sequences.

4.2.1. Lower Pannonian Stage: Csákvár Clay-marl
Formation — argillaceous marl, clay, silty clay, sand

Different sediments of this Formation can be traced along 
the SE margin of the study area from Kövesd to Leperdpuszta. 
Its 20-25 m thick exposure can be found in the clay brickyard 
at Bátaszék. The comparatively homogeneous sequence is 
essentially built up of bluish grey, often limonitic, variegat-



ed clay and argillaceous marl with some thin, coarser 
grained sandstone intercalations. The sediment is well-bedded, 
finely laminated and horizontally stratified. Excellently 
preserved fossils like Congeria and Limnocardium, fos
silised as double shells, indicate a calm sedimentary envi
ronment.

The sequence is cut by a number of boreholes in the 
study area. 2.5 km west of Bátaszék some 200, 20-70 m 
deep boreholes were drilled in a 300*800 m area in order 
to determine the clay reserves for the brickyard. Only a few 
intersected the granite which forms the basement. The 
Csákvár Clay-marl Formation is partly overlain by the 
Miocene (Upper Pannonian) Somló Formation, partly by 
the Tengelic Red Clay, and by the Paks Loess Formation. 
The overall thickness of Pannonian sediments does not 
exceed 60 m.

A 92.8 m thick section of the sequence was cut by the 
structural exploratory Borehole Bátaszék-6 at Leperdpuszta 
in the southern boundary of the study area, where it over- 
lies the Jakabhegy Sandstone Formation (Lower Triassic). 
The progressive thickening of the sequence to the south 
indicates the proximity of the basin. This is supported by 
the profile of Borehole Somberek-2, 8 km south of the 
study area. The thickness of the Somló Formation and 
Csákvár Clay-marl Formation here is as much as . 15 8 m 
and 327 m respectively (Jámbor 1989). It is concluded that 
the SE part of the study area was occupied by the northern 
periphery of the ancient Miocene (Lower Pannonian) sedi
mentary basin, and sedimentation proceeded into a bay 
protruding from the south.

4.2.2. Upper Pannonian Stage: Kálla Gravel Formation — 
sand with gravel, sand

The last Miocene (Upper Pannonian) transgression 
affected the study area to a greater extent than the Lower 
Pannonian one, though it could not cover the whole area. 
Traces of flooding are missing in higher positions of the 
basement surface. The Kálla Gravel Formation can be 
identified all over the margin of the area, resting on differ
ent rock units. It is invariably discordant. Near Feked and 
W of the Rák Stream it overlies Budafa Formation, where
as in part of the Rák Stream valley and near Palatinca it is 
underlain by the Lower Jurassic Vasas Marl Formation. 
Again, it rests on Ófalu Phyllite Formation (Lower Palaeozoic) 
in the Köves Stream valley, in another part of the Rák 
Stream valley, and NW of Alsónána. In other parts of the 
study area its base is composed of the magmatic and meta- 
morphic rocks of the Mórágy Complex (Lower Palaeozoic). 
It is overlain by Somló Formation.

In certain parts of the area it is composed of sediments 
of different grain-size patterns, indicating essentially abra- 
sional near-shore, and shoreline sedimentary environments. 
In the case of near-shore sequences the predominantly well- 
rounded gravel and boulders comprise mostly granitoids, 
though near the Sub-Mecsek (Mecsekalja) Zone (in the 
Köves Stream valley) some Lower Jurassic rocks as well 
sporadic Lower Cretaceous bostonite (alkaline basalt) are

found. Abrasional shoreline sediments were mapped at two 
sites in the study area: in the Köves Stream valley between 
200-210 m asl., and in two outcrops along the E side of Huta 
Stream. They are also found in the E part of Bátaapáti and 
in the side of the plateau above the granite pits in Kismórágy 
between 180-190 m asl. and 170-180 m asl., respectively 
{Plate I, 1). The thickness of the shoreline, littoral Upper 
Pannonian sequence of beach facies is never more than a 
few metres in boreholes. Exposures in the range margin 
reveal the same facies in the area Mórágy-Bátaapáti. In val
leys and gullies the Upper Pannonian sediment patches 
overlie the weathered surface of the basement. The gravely, 
arkosic sand and in its higher levels, strongly micaceous sil
ica sand, is oxidised to a yellowish colour, and is limonitic. 
It is thinly-bedded, occasionally cross-bedded and medium 
or well sorted. Basal conglomerate and basal breccia occur 
only in some boreholes (e.g. Mőcsény-I, Bátaszék-2).

4.2.3. Upper Pannonian Stage: Somló Formation -  sand,
marl, argillaceous marl, calcareous marl

Resting mostly on the sediments of the Kálla Gravel 
Formation, it can invariably be described by a fining- 
upward sequence including short, internal, oscillating semi
cycles. The arkosic beach facies with fine gravel and coarse 
sand typically at its base, is replaced progressively by a suc
cession of fine sand, marl, argillaceous marl, and calcare
ous marl. Fine-grained strata of the Formation are well-bed
ded and laminated. In the absence of the near-shore facies 
it lies directly on the basement in Borehole Bátaapáti-VI in 
which the Upper Pannonian sequence starts with silt-bear
ing argillaceous marl. Due to their proximity to the surface 
the related sediments are mainly oxidised with yellow to 
reddish yellow colouration. Grey layers occur only at deep
er levels. Concerning the mineralogical composition, there 
is not any notable deviations through the sequence. 
Components coming from the granitoid basement prevail, 
though minerals susceptible to argillisation are altered 
more than in the sediments of the Kálla Gravel Formation. 
Essentially, as a function of the distance from the ancient 
periphery of the sedimentary basin, the thickness of the 
sequence ranges between 0 m (Boreholes Ófalu-5, Véménd-I, 
Véménd-II) and almost 100 m (Borehole Mőcsény-III).

4.3. Granite rubble formed in Miocene to Pleistocene during
several phases

When correlating overlying beds it is extremely impor
tant to separate rubble-bearing rocks according to their 
morphological position, age of accumulation, and genetic 
features, as well as to delineate different sequences of the 
area including granite rubble, red and variegated clay. 
Therefore the weathered overlying beds cut by boreholes 
were described layer by layer as a function of their litholo
gy, genetic patterns, stratigraphic position and thickness.

Due to changes in the drilling methods, rubble and 
material of the sedimentary cover were frequently mixed in 
the profile of the Üveghuta exploratory boreholes, since



the change to flushing core drilling usually started in rub
ble-bearing portions. For more a precise separation of the 
sequence boundaries and definition of their properties, the 
results of well-logging in deep boreholes were used in inter
pretation ( S z o n g o t h  et al. 1996, Z i l a h i  et al. 1998). 
Evaluation of the great number of measurements available 
in the area, together with borehole logs and the results of 
sedimentological analyses identified a characteristic drop 
in resistivity from the rubble sequence towards the Tengelic 
Clay. The longer the drop interval the longer the section of 
clay mixed with rubble. The interpretation clearly showed 
that apart from effects caused by switching drilling tech
nology, the change in predominance between coarse-grained 
(rubble, sand) and clayey fractions is a natural feature 
related to the boundary between the rubble sequence and 
the Tengelic Clay Formation in the area of the Mórágy 
Hills. Consequently, this boundary has been drawn where 
the physically disintegrated granitoid becomes the predom
inant component of the rock, and the ratio of coarse
grained fraction drops below 75-80%. The section where 
the pelitic fraction becomes characteristic and then pre
dominant up the profile has been assigned to the sedimen
tary cover. The boundary of the two sequences is placed at 
the starting point of the drop in resistivity on well-log pro
files (Figure 2).

1. Apart from the rubble-bearing section of the Tengelic 
Formation there are two additional sequences of 
rubble which were later re-deposited in the area, but 
which have not been assigned stratigraphically to the 
rubble sequence. These are:.Clastic beds of granitoid 
derived material in some valley boreholes showing 
markedly rounded grains and clear bedding charac
teristics, or of mixed composition and disturbed
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stratigraphic patterns which are assigned to fluvial, 
proluvial sediments — e.g. some sections of the Boreholes 
Mórágy-6, Üveghuta-14, -18, -21, -24;

2. The rubble-bearing debris sequence affected by 
Pannonian abrasion which belongs to the Kálla 
Gravel Formation, e.g. the sections of the Boreholes 
Feked-I, Mórágy-IV or Véménd-I.

Beside the thickness of the formation and its strati
graphic position, the interpretation criteria also included 
the main types of overlying beds and the stratigraphic posi
tion of the rubble. The base of the rubble sequence is the 
Mórágy Complex, whereas the overlying beds can be assigned 
to four groups — Pannonian sediments, Tengelic sediments, 
loess sequences and Pleistocene fluvial, proluvial beds.

The study showed unambiguously that rubble was 
formed in the area in several phases. However, our present 
knowledge does not always allow the separation of these 
rock bodies in lithostratigraphic maps. Drilling data, docu
mentation of exposures and stratigraphic pattern enabled 
us to distinguish three, and suggest one more variety of 
granite rubble formed at different times:

1. The rubble below Pannonian beds already reported 
in Boreholes Feked-I, Mórágy-IV and Véménd-I 
clearly evolved in Late Miocene;

2. Also the rubble underlying the Tengelic Formation is 
probably of Pliocene or Early Pleistocene age;

3. Rubble below the loess and fluvial sequence is not 
younger than Middle or Late Pleistocene;

4. The gravel of granite origin washed down from the 
region and assigned to the Budafa Formation of flu
vial-deltaic facies, accumulated during the Karpatian 
Stage, and bears witness to the presence of ancient 
terrestrial granite surfaces being presumably a 
weathering crust.

Though the presence of a thin blanket representing the 
recent disintegrated weathering product of the granite base
ment is quite prominent in several exposures, we assume 
that rubble sufficiently thick for mapping had not been 
formed in the area during the Holocene.

Typical rubble can be found only in a few exposures. It 
occurs mainly along the slopes of valleys cut down in the 
granites. In boreholes it can be traced through the base of 
Tengelic Formation. Altogether, the formation was found 
in 34 boreholes in the study area. The greatest thicknesses 
were registered in Boreholes Ófalu-4 (13.9 m), Üveghuta-21 
(13.1 m) and Mórágy-4 (14.2 m), whereas the average

Figure 2. Variation in the resistivity at the boundary of the Tengelic 
and granite rubble sequences

1 — P ak s  L o ess  F o rm a tio n , 2  — T engelic  R ed  C lay  F o rm a tio n , 3 — g ra n itic  
g rave l, 4  -  c lay  c o n te n t ,  5 -  n o rm a l  re s istiv ity , 6 -  h a rd ly  m ix ed  d rillin g  

z o n e  b y  te c h n o lo g y

2. ábra. A normái ellenállás változása a tengelici- és a murvaössz- 
let határán

1 -  A  P aksi L ösz  F o rm ác ió , 2  — Tengelici V örösagyag F o rm ác ió , 3 -  g rán it
m u rv a , 4  -  ag y ag ta r ta lo m , 5 -  n o rm á l  e llen á llás , 6 -  te c h n o ló g ia ilag  e rő 

sen  k e v e red e tt fú rá s sz a k a sz



value is generally just a few metres. Granite rubble under 
hilltops and hillsides indicates its pre-Pleistocene extent 
(Figure 3). Alluvial terrains have been separately indicated 
in the figure (data from valley boreholes were disregarded __ 
during compilation).

Figure 3. Thickness of the granite rubble in the Üveghuta study area 
under hilltops and hillsides

a  = a lluv ia l te rra in s , •  Ü h - 2  = b o re h o le  u s e d  fo r  c o n s tru c t io n  a n d  its  c o d e

3. ábra. A granitoid murva vastagsága az üveghutai kutatási területen
a  = alluviális té rsz ínek , • Ü h - 2  = szerkesztéshez  fe lhaszná lt fú rás je le , szám a

4.4. Pliocene-Lower Pleistocene: Tengelic Red Clay 
Formation — variegated clay, red clay, palaeosol

The Tengelic Red Clay Formation formed as a result of 
long lasting terrestrial weathering. It is a residual sediment 
or the product of reworking through transport over a short 
distance. As a function of weathering and accumulation, 
several variants can be distinguished as follows:

1. Variegated clay. Partial reworking of different under
lying beds affected by long lasting terrestrial physical 
disintegration, chemical weathering and slow slope 
processes resulted in the accumulation of strongly 
leached, almost lime free, massive, variegated clays.

2. Palaeosol. Biochemical weathering played an increas
ing role in calm or only slowly degrading or aggrad
ing terrains, bringing about very thick soils or more 
than 10 m thick soil complexes. Palaeosols can be 
formed both on the residual weathering products of 
the base rock and on its reworked material. A soil 
profile can be regarded to be in its “original posi

tion”, provided the genetic horizons formed during 
its evolution can be recognised in the profile in the 
same succession as in time when they were formed, 
irrespective of whether the parent rock is of residual 
origin or was re-deposited before soil evolution. In 
the study area essentially lime free, strongly frac
tured, reddish brown and greyish brown palaeosols 
with abundant clay in the topsoil, as well as palaeosols 
with extremely argillaceous, red, lilac-red topsoil 
have been reported, occasionally with a thick lime 
enrichment in the subsoil.

3. Red clay. The red clay beds of the formation com
prise patches of red palaeosols reworked over a short 
transport distance, and poorly mixed with materials 
of other sequences. As a result of re-deposition, genetic 
soil horizons cannot be recognised in them or they 
are not found now in their natural order of sequence. 
Red palaeosols in their original position and their 
washed out variations are frequently regarded as one 
unit, and identified as red clay.

4. Variegated clay with patches of red clay. Variegated 
clay with patches of red clay formed when soil parti
cles which had been re-deposited further away than 
red clays, were mixed with components of strictly 
chemical weathering, or occasionally with parent 
rock material. These strata belong to the entirely re
deposited beds of the formation, though soil devel
opment could restart on their surface following de
position.

5. Clayey rubble. In a small area within the formation, a 
thin argillaceous sediment of deluvial and to a lesser 
extent proluvial origin was observed. It contains 
some poorly rounded debris which originated from 
the basement. These clastic layers together with the 
overlying sections of Tengelic Formation are also totally 
re-deposited sediments. Soil development could restart 
on its surface following deposition.

There are a number of different sequences underlying 
the formation, such as granite rubble or variably disinte
grated portions of the Mórágy Complex in the central part 
of Mórágy Hills, Cretaceous volcanic rocks piercing through 
granitoids in some other places, and Ófalu Phyllite 
Formation NW of the Sub-Mecsek (Mecsekalja) Zone. In 
the periphery of Mórágy Hills, Pannonian sediments are 
the characteristic underlying sediments. Possibly the for
mation directly overlies Jurassic or Miocene sediments as 
well, though we have not found this in the study, area.

In most places the formation is covered by a given loess 
sequence or the product of its denudation (slope debris, 
sliding products). Subordinate^, clastic proluvial-deluvial 
sediments, and occasionally recent soils can also cover the 
Tengelic Formation where it is exposed in higher valley 
slopes or in the surroundings of valley heads.

The formation is exposed exclusively in very small 
places in some valley slopes and in some artificial excava
tions. Its best exposure can be found in the eastern wall of 
the clay quarry "of the brickyard at Bátaszék (Plate I, 2).



The sequence was recovered by 28 of the boreholes used in 
the stratigraphic correlation near Üveghuta, and in the 
nearby Boreholes Erdősmecske-3, -4.

The characteristic thickness of the formation in the 
boreholes in the hilltop and slopes near Üveghuta varies 
between 1.4-4.1 m, and does not exceed 10 m in any of 
them (Üveghuta-1: 8.6 m, Üveghuta-6: 6.5 m). Generally, 
a progressive increase in its thickness can be observed 
towards the margin of the hilly land where it exceeds 20 m 
in some boreholes (Alsónána-3: 22.4 m, Bátaapáti-VTI: 
24.2 m, Palatinca-2: 23.6 m, Ófalu-4: 20.8 m). The 
Borehole Ófalu-4 is not situated in the margin of hills. The 
very thick Tengelic sequence found there suggests a local 
subsidence of the central part of the Mórágy Hills. The 
rather scarce data representing thickness values in bore
holes on hilltops and slopes give the best approach of the 
sequence’s typical thickness for the area at the start of loess 
evolution (Figure 4). Alluvial terrains have been separately 
indicated in the Figure (data from valley boreholes were 
disregarded during compilation).

The amount of data available is insufficient to define 
the areal extent of each member of the formation one by 
one, but variable basic types are identified specifically in 
different borehole profiles.

Figure 4. Thickness of the Tengelic Red Clay Formation in the Üveg
huta study area

a  = alluvial te rra in s , •  Ü h -2  = b o re h o le  u sed  fo r c o n s tru c tio n  a n d  its  code

4. ábra. A Tengelici Vörösagyag Formáció vastagsága az üveghutai 
kutatási területen

— The Boreholes Alsónána-2, Feked-I, Mórágy-II and 
Ófalu-4 cut through two red or reddish brown soil 
zones. The upper soil zone of the Borehole Mórágy-II 
is presumably mainly re-deposited, whereas the 
other ones are preserved in their original position.

— The majority of variegated clays resting on the grani
toid basement in the immediate vicinity of the candi
date site can be regarded as originating predomi
nantly by chemical weathering, though slightly 
affected by soil evolution as observed in some bore
holes (Balla et al. 1998, Koloszár and M arsi 1999).

— Variegated clay formed by chemical weathering of 
the Pannonian base sediments was cut in boreholes 
Mőcsény-3 and Palatinca-2 between 22.7-28.6 m 
and 73.8-77.7 m, respectively.

— Variegated clay with red clay patches formed by the 
re-deposition and mixing of chemical and biochemi
cal products of weathering was found in several bore
holes, including Bátaapáti-VII and Bátaszék-3 between 
65.0-77.6 m and 36.5-38.8 m, respectively.

— Deluvial and subordinately proluvial sediments 
(argillaceous debris) including occasionally the material 
of underlying beds were cut within the Tengelic 
sequence in Boreholes Palatinca-2, Mórágy-2 and 
Cikó-V between 69.9-73.8 m, 29.4-31.9 m and 
77.8-79.1 m, respectively.

Palaeomagnetic data from two boreholes were available 
from the study area to define the age of the sediments. 
According to magnetostratigraphic data from Boreholes 
Üveghuta-2 and -5, the thin Tengelic beds in the area of 
the candidate site formed between 1.77-2.02 Ma during 
Early Pleistocene (F öldvári et al. 1999). Considering the 
much greater thickness of the Tengelic sequence through
out the whole study area, and its more complex pattern, 
accumulation of the variegated and red clay sequences 
started in a wider area presumably earlier than the age indi
cated by the correlation based on palaeomagnetic measure
ments. Even a Pliocene age for its lowermost part cannot 
be precluded. The vertebrate bone of presumably Middle 
Miocene age found among the samples of the Bátaszék-197 
exploratory borehole in the Bátaszék brickyard quarry con
firms this idea (K ordo s 1990).

There is another clue supporting this interpretation. On 
the basis of direct and indirect chronostratigraphic data of 
the Tengelic Formation in South eastern Transdanubia, and 
Pliocene-Pleistocene palaeoclimatic anomalies, K aiser 
(1999) estimated the age of the formation in the SE 
Transdanubian region to lie between 3.5-1.2 Ma, on the 
condition that the whole section is present. The fauna dis
covered nearby at Csarnóta in the Villány Range (K retzoi 
1956) can also give an important clue as to the age of the 
sequence lying on the Mórágy Hills. On the basis of the 
frequency of occurrence of Avricolidae and Muridae, 
K ordos (1992) assigned the formation to the warm, wet 
climatic period prevailing in Europe between 3.1-3.0 Ma. 
Under the warm, wet climate similar to the present one in 
SE Asia, very stable, kaolinitic associations of clay miner-
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Figure 5. Major features of the Paks Loess Formation in the region of Mórágy and Tolna Hegyhát Hills

Horizons. Soil horizons: H  = H u m ic  h o riz o n , M F  = M e n d e  U p p e r  so il co m p lex , B D  = B asa h a rc  D o u b le  so il co m p lex , B A  = B asa h a rc  L o w e r so il com p lex , 
M B  = M e n d e  B asa l so il com p lex , P h  = P a k s  san d y  so il com p lex , P D  = P ak s  D o u b le  so il co m p lex , P D K  = P a k s -D u n a k ö m lő d  so il com p lex , P v l  = P a k s  re d  
soil com p lex  1, Pv2 = P aks  re d  soil com plex  2, Pv3 = P aks  re d  so il com p lex  3. Loess horizons: L 1 -L 2  = loess h o rizo n s , (L 7  =“pa le  loess h o riz o n ”). Sub-horizons. 
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d iv id in g  P a k s  D o u b le  so il c o m p le x  ( “th in  lo e ss ” )

5. ábra. A Paksi Lösz Formáció kifejlődése a Mórágyi-rög és a Tolnai-Hegyhát térségében

Horizontok Talajhorizont: H  = H u m u s z h o r iz o n t , M F  = M e n d e  F e lső  ta la jk o m p le x u m , B D  = B asa h a rc  D u p la  ta la jk o m p le x u m , B A  = B a s a h a rc  A ls ó  ta la j
k o m p lex u m , M B  = M e n d e  B áz is  ta la jk o m p le x u m , P h  = P ak s i h o m o k o s  ta la jk o m p le x u m , P D  = P a k s  D u p la  ta la jk o m p le x u m , P D K  = P a k s -D u n a k ö m ló d  
ta la jk o m p le x u m , P v l  = P ak s i v ö rö s  ta la jk o m p le x u m  1, P v 2  = P a k s i v ö rö s  ta la jk o m p le x u m  2, P v3  = P a k s i v ö rö s  ta la jk o m p le x u m  3. Löszhorizont: L l - 1 2  = 
lö s z h o r iz o n to k , (L 7  = „fakó lö s z h o r iz o n t”). Alhorizontok. Talaj-alhorizontok: H l  = H u m u s z o s  a lh o r iz o n t  1, H 2  = H u m u s z o s  a lh o r iz o n t  2, B D 1 = B asa h a rc  
D u p la  1 a lh o riz o n t, B D 2  = B a s a h a rc  D u p la  2 a lh o riz o n t, P h  1 = P a k s i h o m o k o s  ta la j 1 a lh o riz o n t, P h 2  = P ak s i h o m o k o s  ta la j 2  a lh o riz o n t, P D  1 = P ak s  
D u p la  1 a lh o riz o n t, P D 2  = P a k s  D u p la  2 a lh o riz o n t. Lösz-alhorizont: H L  = H u m u s z h o r iz o n to t ta g o ló  lö sz , B D L  = B a s a h a rc  D u p la  ta la jk o m p le x u m o t 

ta g o ló  lö sz , P h L  = P a k s i h o m o k o s  ta la jk o m p le x u m o t ta g o ló  lö sz , P D L  = P a k s  D u p la  ta la jk o m p le x u m o t ta g o ló  lö sz  („vékony  lö s z ” )



als formed in the Villány Range. In the Mórágy Hills the 
Tengelic Red Clay Formation sediments studied included 
predominantly montmorillonitic clays. Hence it seems very 
likely that all related sequences of the formation originated 
after the extinction of the Csarnóta fauna. Consequently, 
its age range can be estimated between 1.77 and 3 Ma.

4.5. Pleistocene: Paks Loess Formation -  loess, slope loess, 
palaeosol

Naming conventions of loess sediments are quite differ
ent in geology and geography, making their correlation 
rather difficult. In geological terms the whole loess sediment 
is assigned to one unit called the Paks Loess Formation by 
the Hungarian Stratigraphic Committee ( C sá szá r  1997). 
Classification of its individual series and sequences within 
the formation was carried out by geographers. One of the 
latest versions of this classification can be found in the 
work of P éc si (1995).

Based on the data of 60 thoroughly documented bore
holes and several exposures, we elaborated the theoretical 
stratigraphic column of the loess sequences in the region of 
the Tolna Hegyhát Hills and Mórágy Hills (Figure 5).

Lithological units of the stratigraphic column were con
structed and compared from formation down to sub-hori
zons. Additionally, geological and geographic units were 
unified. After P éc si (1995) the formation was subdivided 
into an Old and Young Loess Series which were further 
classified into a top and bottom sequence. Naming conven
tions used by P éc s i (1995) have also been applied for dis
tinguishing palaeosol horizons (palaeosol complexes). Loess 
horizons were indicated by numbers. Chronostratigraphic 
data displayed on Figure 5 were provided by palaeomagnet- 
ic measurements (M á r t o n  1998). During the compilation 
of the figure the magnetostratigraphic correlation of the 
principal Quaternary sections in Southeastern Transdanubia 
was also taken into account (K o l o sz á r  and L a n t o s  2000). 
While assigning palaeosol and loess horizons to different 
sequences, palaeosols and their parent loess horizons have 
been integrated into one sequence. Hence the bottom and 
top levels of the sequences are marked by a loess and a 
palaeosol horizon (except for the recent soil). This subdivi
sion indicates clearly that palaeosols formed during the 
breaks or stagnant phases of loess accumulation on the pre
viously deposited loess. This column shows a good correla
tion with the classification of P éc si (1995).

The typical feature of the formation in the area is that 
the zonal palaeosol horizons (reflecting climatic effects) 
within each sequence developed under the same mesocli- 
mate, i.e. they represent identical climate-zonal soil types. 
At the same time, palaeosols of the specific sequences dif
fer from each other in their type (S t e fa n o v its  et al. 1999). 
In contrast to other sequences, there is no difference 
between the Old and Young Loess Series in the character 
of sedimentation.

32 of the boreholes selected for the stratigraphic corre
lation cut a section of the loess sequence. Its thickness varies

in widely, the highest value being recorded in Borehole 
Cikó-5 (63.1 m). It exceeds 50 m in 6 boreholes. Of them 
Üveghuta-2 and -22 are near the possible site, whereas the 
other ones (e.g. Alsónána-2, Bátaapáti-VII) were located 
in the marginal region of the hills. The completed thickness 
map of the loess sequence reflects the overall thickness of 
the loess deposited in the area (Figure 6). Alluvial terrains 
have been separately indicated in the Figure 6 (data from 
boreholes in valleys and in zones affected by sliding were 
disregarded during compilation).

In the study area the loess succession is underlain pre
dominantly by the Tengelic Red Clay Formation. Additionally, 
4 boreholes intersected Pannonian sediments (Bátaapáti-VI, 
Mórágy-I, Mőcsény-I and Mőcsény-II). The overlying beds 
are represented mainly by Holocene soil or sediments of vari
able origin affected by areal and linear erosion as well as sliding.

The most important features of the formation are loess 
and palaeosol horizons. It is somewhat rare to find that the 
loess succession is built up of pure loess beds. For this rea
son the commoner reworked, re-deposited, fluvio-aeolian 
or structurally transformed varieties are also assigned to 
the loess sequences. Sediments in some larger valley slopes 
affected by mudflow or solifluction have also been grouped 
into the Paks Loess Formation, since they can be interpret-

10 15 20 25 30 40 50 m

Figure 6. Thickness of the Paks Loess Formation in the Üveghuta 
study area

a = alluvial terrains, • Üh-2 = borehole used for construction and its code

6. ábra. A Paksi Lösz Formáció vastagsága az üveghutai kutatási 
területen



ed as the valley margin facies of the loess and palaeosol 
sequences of the formation. An interesting feature of 
solifluction sediments in this area is that the same soil 
development processes took place on both the micro-strati
fied parent rock and simultaneously deposited typical loess. 
Within the entire profile the overall thickness of palaeosols 
and typical loesses is of the same order of magnitude, but 
different slope loesses and solifluction sediments can also 
play a major role.

4.5.1. Lower-Middle Pleistocene: Old Loess Series, 
lower sequence

Some 22 of the boreholes which cut the sequence have 
been used in the overall interpretation. Thickness values 
are rather low, exceededing 5 m in 13 boreholes, but none 
of them reached 10 m. The highest value (9.6 m) was regis
tered in the Borehole Erdősmecske-4. In the vicinity of the 
Üveghuta area a maximum value of 7.4 m was recorded in 
Borehole Üveghuta-3. Concerning the spatial variation of 
the oldest loess sequence, it is thicker in the W part of the 
study area and on some hilltops in an uplifted geomorpho- 
logical position — like in the area of the candidate site — as 
well as in the NW foreland, whereas in the E and central 
parts, and in the vicinity of Boreholes Üveghuta-1, Feked-I, 
Véménd-I and Bátaszék-3 it is thinner or completely missing.

In the main part of the area the characteristic features 
of the sequence are essentially in agreement with its prop
erties in the direct vicinity of the proposed site. Tengelic 
Red Clay Formation is usually overlain by 0.5-1.0 m thick 
“thin loess”, except for Borehole Erdősmecske-4 where it 
is thicker than in general (2.9 m). The sediment is ochre- 
yellow to brownish yellow, bearing grey manganese spots 
and dirty white calcareous patches and veins. It is a clayey 
silt of high lime content, only slightly compacted, with a 
porous internal structure. It is the oldest sediment cut by 
boreholes of the area belonging to the loess sequence, and 
can be correlated with the loess sub-horizon (PDL) lying 
between the Paks Double (PD) fossil soil complex.

The PD1 palaeosol is characterised by a bright brick- 
red colour. It has an argillaceous topsoil, friable structure, a 
susceptibility to swelling and a thick, frequently cemented 
lime bench in its subsoil. In its A and B horizons the profile 
includes sporadic, 1-2 mm black manganese-dioxide pisoids. 
In these profiles it is hard, tough, resistant, and strongly 
compacted. Disintegrated clay with calcareous concretions 
and clayey calcareous concretions occur in C horizons. 
Two soil levels are located in the level of the PD fossil soil 
complex in Boreholes Alsónána-2, Mórágy-III and 
Palatinca-2. In the absence of palaeomagnetic data it is 
unclear whether the PD1 soil sub-horizon is better devel
oped in these boreholes or whether the PD2 sub-horizon 
occurs there as well.

The sequence is underlain by the basal sediments of the 
loess sequence. It is covered by the upper part of the Old 
Loess Series in all but one borehole. The exception is 
Borehole Üveghuta-4, in which the direct overburden has 
slid down along the PD 1 soil.

4.5.2. Middle Pleistocene: Old Loess Series, 
upper sequence

The sequence was cut in 27 boreholes. The greatest 
thickness (22.0 m) was recorded in Borehole Ofalu-5 and 
it exceeded 10 m in 19 other boreholes. Comparing the extent 
of the two sequences of the Old Loess Series it is apparent 
that the upper part of the Old Loess (except for the 
Erdősmecske boreholes) is thicker in the same areas as the 
lower one.

Boreholes drilled on hilltops and hillsides indicate a 
rather homogeneous origin of the sequence throughout the 
whole study area. One of the best markers of the Loess 
Formation, the “pale loess horizon” (L7) lies at its bottom. 
The data from the marginal^ area demonstrates that its 
thickness is not always “exactly” 5 m thick, like in the sur
roundings of the candidate site. This homogeneous horizon 
can be easily traced everywhere. It is pale yellow, with grey 
manganese-dioxide spots and dirty-white calcareous patch
es. It is a slightly argillaceous silt with some calcareous 
veins and patches. Loess is subdivided by several levels of 
calcareous concretions. These are between 1-10 cm, and 
are hard, beige coloured, with a crystalline texture and 
splintery fracture. In thicker concretion-bearing horizons 
loess limestone occurs as well.

The fossil brown forest soil complex formed above the 
loess horizon is present in each borehole crossing the com
plex. Its thickness ranges between 3-6 m. (Paks Sandy Soil 
Complex = Ph). Considering the Loess Formation as a 
whole, it is the most complex fossil soil. There are mainly 
two soil sub-horizons superimposed on each other with eas
ily distinguishable origins. In Boreholes Üveghuta-7 and 
Üveghuta-3 even three soil sub-horizons were observed 
lying on top of each other. Additionally, in Borehole Üveg- 
huta-22 another sub-horizon (Phi, Ph2) was documented 
above the double soil sub-horizon which was affected by 
brown forest soil development, and formed from a parent 
material of re-deposited loess (PhL). This part of the Old 
Loess Series shows similar patterns in Borehole Cikó-5. 
The fossil soil is reddish brown, dark brown, bearing red
dish brown to black 1-2 mm spots of manganese dioxide, 
and in horizon B dirty white, calcareous spots. It is a strongly 
compacted, tough, resistant argillaceous silt including cal
careous veins and patches of manganese dioxide. The dis
tinguishable levels are homogeneous and massive.

Loess lying on the soil complex is yellow to dark yellow, 
with dirty white calcareous veins and patches (L6). It fre
quently contains dispersed dark, brownish grey, 1-2 mm 
manganese-dioxide spots. It is a slightly micaceous silt, with 
a few dispersed calcareous spots. Local, 1-3 cm thick fine 
stratification and stripes of solifluction origin demonstrate 
the reworked character of the sediment. Otherwise, the 
loess is homogeneous and massive. It is a rather strongly 
compacted, well-sorted, weakly porous sediment sporadi
cally containing some tiny mollusc shell fragments.

The A horizon of the uppermost 3-5 m thick fossil brown 
forest soil horizon of the sequence (Mende Basal Soil



Complex = MB) is usually reddish brown to dark brown or 
dark brown to tobacco-brown in some profiles, with black 
manganese-dioxide spots and patches. It is a hard, tough, 
homogeneous, massive silty clay to argillaceous silt. In 
some boreholes (e.g. Üveghuta-7) even two fossil soil hori
zons can be observed superimposed on each other.

The upper sequence of the Old Loess Series is of wider 
extent than the lower one. Its boundary is almost parallel 
with that of the lower one. The Series is underlain in 21 
boreholes by the lower part of the Old Loess Series, by the 
Tengelic Red Clay Formation in 5 boreholes (Alsónána-3, 
Üveghuta-1 and 6, Feked-I, Mórágy-II), and by the Upper 
Pannonian sequence in Borehole Mórágy-I. In 25 bore
holes it has the same overburden namely the lower part of 
the Young Loess Series, whereas in Boreholes Mőcsény-I 
and Véménd-II the overburden is represented by Pleistocene- 
Holocene deluvium and the upper part of the old loess 
which can be traced on the surface.

4.5.3. Middle-Upper Pleistocene: Young Loess Series, 
lower sequence

Some 29 boreholes cut the lower sequence of the 
Young Loess Series in the study area. It is the thickest 
sequence within the entire Loess Formation. Its maximum 
thickness has been recorded in Borehole Mőcsény-II (30.6 
m) and it exceeded 20 m in another 5 boreholes. The 
sequence with an average thickness of 20-30 m extends in 
the N and NW parts of the study area to the vicinity of the 
Boreholes Palatinca-2, Mőcsény-II. Its smaller and slight
ly thinner but on average still almost 20 m thick sections 
make up uniform bodies in the area of the candidate site, 
and in the vicinity of Boreholes Mórágy-I, Mórágy-IV, 
Alsónána-3. It is thinner than average or missing com
pletely both in the main valleys and the Erdősmecske area.

A 4-7 m thick loess horizon can be found at the bottom 
of the sequence (L5). Three fossil Chernozem brown forest 
soil complexes can be distinguished above (Basaharc 
Lower = BA, Basaharc Double = BD, Mende Upper = MF), 
partly subdivided by loess horizons (L4, L3) or occasional
ly superimposed on each other. Where the three Chernozem 
brown forest soil complexes of the sequence are superim
posed on each other (e.g. in Borehole Üveghuta-7) the 
upper loess horizons are missing.

Horizon A of the fossil soil complexes is basically 
tobacco-brown, brownish grey to greyish brown, rarely red
dish brown (Boreholes Üveghuta-5, Mórágy-V). Dirty 
white calcareous veins and dark grey manganese patches 
are characteristic. It can be regarded as a homogeneous, 
massive, micaceous clayey silt. In contrast to its surround
ings, some more leached rusty brown soils can be observed 
in the stratigraphic level of the Chernozem brown forest 
soil horizons of Borehole Üveghuta-5. This variation can 
be explained by local paleo-environmental differences, i.e. 
by differences in local morphology or degree of exposure, 
more wet micro-environment, longer lasting soil develop
ment in certain areas or the presence of some coarser- 
grained parent materials.

The occurrence of deluvial-solifluctional sequences 
across a greater area is a new aspect of the lower sequence 
of the Young Loess Series, when compared to its features 
in the direct vicinity of the candidate site. This profile can 
be regarded as a disturbed, micro-stratified part of the 
sequence frequently containing eroded soil-related materi
al. It is interesting to note that despite its disturbed struc
ture this part of the sequence was subjected to the same 
degree of soil development as typical loess horizons. The 
2-3 fossil Chernozem brown forest soil which evolved on 
loess horizons with solifluction-type profiles can be corre
lated with the BA, BD and MF soil complexes. We suc
ceeded in identifying two major, similar zones charac
terised by sediments of the above origin, namely in the sur
roundings of Boreholes Mőcsény-II, -III and Mórágy-I, 
-II, -IV. In Borehole Mőcsény-II the whole sequence is of 
deluvial-solifluctional origin, whereas in Mőcsény-III its 
middle and upper sections are represented by re-deposited 
loess. In the Mórágy area the middle and upper part of this 
same sequence in Borehole Mórágy-I is composed of 
slope-loess. At the same time in Boreholes Mórágy-II and 
Mórágy-IV almost the whole sequence is deluvial, and in 
its upper part solifluctional.

The sequence is underlain chiefly by the upper part of 
the Old Loess Series (25 boreholes). In two boreholes 
(Mőcsény-III, Bátaszék-3) it rests directly on the Tengelic 
Formation, whereas in Boreholes Mőcsény-II and Üveg- 
huta-24 it overlies Pannonian sediments and granite rub- > 
ble. In 23 boreholes the formation is covered by the upper 
sequence of the Young Loess Series, while in 5 boreholes it 
underlies younger Pleistocene-Holocene sediments. In 
Borehole Mőcsény-III it is exposed on the surface--.

4.5.4. Upper Pleistocene: Young Loess Series, 
upper sequence

The youngest loess sequence was found in 23 boreholes. 
The greatest thickness (20.5 m) was recorded in Borehole 
Cikó-5. In five boreholes (Alsónána-2, Alsónána-3, 
Bátaapáti-VÜ, Bátaszék-2, Mórágy-V) its thickness ranges 
between 15-20 m. It indicates that the thickest beds of the 
upper sequence of the Young Loess Series can be observed 
in the NW, NE and SE margins of the study area. At the 
same time, this sequence covered only by thin layers occurs 
in the central third of the area, and in the valley of the 
Lajvér Stream.

Thicker units of the sequence are chiefly built up of a 
humic horizon (H). Its upper part is occasionally divided 
by two humic sub-horizons (Hl, H2). The sub-horizons are 
grey, brownish grey, fossil, Chernozem-like soils, basically 
without any accumulation zone. Loess is pale yellow with 
white calcareous dots and veins (LI, L2, HL). It can be 
characterised as a slightly micaceous silt with sporadic 
mollusc shell fragments, calcareous veins and roots, and 
burrows. It is poorly compacted, porous, homogeneous, 
massive and massive, showing stable soil mechanical prop
erties with a prismatic structure.

In all boreholes cutting through this loess sequence it



rests on the lower part of the Young Loess Series. In three 
boreholes the youngest loess sequence is directly exposed 
on the surface, whereas in 20 boreholes it is covered by 
Holocene soil or some other Upper Pleistocene or Holocene 
sediments.

4.6. Middle and Upper Pleistocene to Holocene:
fluvial sequence — sand with gravel, sand, silt, debris

In contrast to the surrounding geographical land units 
(Völgység, Tolna Hegyhát Hills), thick fluvial sequences of 
regional extent, regarded as the heteropic facies of the 
Loess Formation, are missing in the Pleistocene succession 
in the investigated part of the Mórágy Hills. At this time 
the predominant process of loess development was dissect
ed only with some minor valley fill.

Stratigraphic proof concerning the age of fluvial sedi
ments is only available in some sections of the Lajvér 
Stream, and near Kismórágy and Rozsdásserpenyő. In this 
area the few m thick, intermediately rounded, ill-sorted, 
cross-bedded, lenticular sequence of sandy gravel is over- 
lain by Upper Pleistocene loess. Of them in Kismórágy and 
Rozsdásserpenyő the contact of terrace sediments and 
loess can be studied in exposure. This contact seems to be 
rather smooth in there. Morphologic studies confirmed 
this notion indicating namely that the area of exposures is 
outside the region affected by proven sliding (Marsi 1998). 
Small terrace fragments preserved in higher position in valley 
margins formed in Late Pleistocene or a little earlier. Their 
base cannot be studied in exposures and there were not any 
boreholes in the area hitting undoubtedly the terrace-mor
phologic level either. Morphologically proven terrace sedi
ments can be observed in the valley of Rák Stream as well.

Terrace morphology hinting indirectly Pleistocene time 
has not formed in the other big valleys of the area (e.g. Huta 
Valley, Mészkemence Valley, valley of Köves Stream etc.). 
Thickness of fluvial sediments penetrated there can achieve 
even 5-10 m. They proved to be excellent parent rocks for 
the sequence of a well-developed soil cover. Consequently, 
we suggest that only the uppermost, thin part of the fluvial 
sequence in main valleys has to be assigned to Holocene, 
the remaining greater part formed in Middle and Late 
Pleistocene. The majority of fluvial sediments in the area 
are narrow valley fills. Explicit floodplain levels are miss
ing in most valleys. Terraced valleys as well as some sec
tions of Huta and Mórágy Streams can be regarded as 
exceptions from this rule.

In most cases the fluvial succession rests on the base
ment or occasionally on washed-down granite gravel. Its 
poorly or intermediately sorted profile is composed of 
upward-fining-debris, gravelly sand, sand. The floodplain 
overburden is represented chiefly by silt.

The poorly stratified, occasionally cross-bedded sedi
ments of the sequence are light grey, yellowish grey, brown
ish grey and they become finer upward the profile. The 
poorly rounded debris particles measure between 0.5-10 cm. 
They are chiefly composed of granitoid rocks. Sand parti

cles include quartz deriving from the disintegration of the 
crystalline basement as well as K-feldspar, plagioclase, biotite 
and amphibole. The material of argillaceous silt and sandy 
silt derives essentially from the denudation of loess.

Terraces are covered by meadow soils of Chernozem-like 
characteristics, whereas raw, humic and alluvial meadow soils 
formed on alluvial sediments. Terrace soils can be interpreted 
as more developed than the very young soils of floodplains, 
since soil development started earlier on terraces.

The thickness of recent sediments is restricted mainly 
to 1-5 m. This value is typical for the majority of boreholes 
completed in the study area.

4. Z Upper Pleistocene - Holocene: slide deluvial sequences — 
argillaceous silt, silt

In this group we combine loess varieties reworked in 
slopes through aerial erosion and slide sediments. The con
ditions under which the specific stratigraphic units accu
mulated have remained unchanged from the Late Pleistocene 
up to present.

The deluvial sequence comprises clay, sand and debris 
lenses, and thin beds, and shows disturbed characteristics. 
Its material is mainly eroded loess mixed occasionally with 
granite rubble or debris. It has a light greyish yellow, yel
lowish brown colour. It usually shows a disturbed structure, 
it is unbedded, occasionally broken by poorly, thin-bedded, 
lenticular intercalations. Slumped loess blocks are litholog
ically indistinguishable from their intact varieties. The first 
can be distinguished by the disturbed structure and mor
phological patterns (Marsi 1998).

Different varieties of slope sediments characterise the 
gentle slope terrain sections of valley slopes and of the sur
roundings of valley heads and saddles. The most important 
sliding belts can be observed on the slopes of main valleys. 
In the study area they can be found in the Huta Valley, 
Nagymórágy Valley and Éva Valley. Slope sediments are 
chiefly underlain by loess, and occasionally by basement 
granitoid, granite rubble or variegated clay sequences. Slope 
sediments can rest directly on Pannonian beds as well, basi
cally in the margin of the hilly land or in greater valley 
slopes (Boreholes Bátaszék-1, Véménd-I). According to 
drilling data the thickness of the sequence can approach 
as much as 15-20 m (12.8 m and 14.5 m in Boreholes 
Üveghuta-4 and Mőcsény-I, respectively). On the basis of 
the extent and morphology of landslides, the thickness of 
the reworked sequence can even exceed these values in the 
study area.

Some of the typical sediments underlying slide sedi
ments and serving as a sliding plane are certain clay and 
clay-marl beds of the Pannonian sequence. Such a slide can 
be seen in the Kövesd clay quarry of the brickyard at Bátaszék, 
triggered artificially by exploitation works (Plate I, 3). 
Argillaceous palaeosol horizons in the loess sequences can 
also serve as sliding planes for slope sedimentation. In 
Borehole Üveghuta-4 and its surroundings the sliding 
plane is formed by the PD 1 palaeosol sub-horizon.



These sequences are covered by recent soil. Young delu
vial and strongly disturbed sections of slid sediments are 
overlain occasionally by so-called slope sediment soil con
taining a mixed humic level of variable thickness. At the 
same time, young forest soil varieties formed on consolidat
ed slope sediments and less disturbed surfaces of slides, 
whereas specifically developed forest soils of the area have 
been preserved on the best protected parts of slides, like 
brown forest soil, Chernozem brown forest soil and brown 
forest soil with clay illuviation.

4.8. Holocene beds

Proluvial sequences of subsidiary and tributary valleys, 
and of seasonal streams as well as sediments derived from 
linear transport accumulated mainly in dry valleys and gul
lies, join to form fluvial beds. Generally they are only some 
m thick, and together with young floodplain sediments and 
recent soils represent the youngest sequences of the area.

4.8.1. Proluvial, proluvial-deluvial sequences -  clayey silt, 
silt, sand

They are dirty, greyish yellow, or yellowish brown. They 
usually show a disturbed structure, are unbedded, and 
occasionally with poorly, thin-bedded, lenticular intercala
tions. Their composition depends mainly on the underlying 
beds. They form chiefly through the erosion of loess, com
prising a sediment mixed occasionally with granite rubble or 
debris. Lithologically, it is argillaceous silt, silt, sand, some
times debris, or sand with rubble.

The sequences are most typically underlain by loess. In 
the neighbourhood of dry valleys, where the main valley 
cut down as deep as the granitoids, its base can be the crys
talline basement itself, or even granite rubble or variegated 
clay sequence and Pannonian sediments in the margin of 
the hilly land.

4.8.2. Recent soil

Proluvial-deluvial sequences are overlain by recent soil. 
Lower sections of dry valleys are covered by pure alluvial soils.

The predominant, zoned, recent soil of the area is a 
Chernozem brown forest soil, whereas brown forest soil 
and brown forest soil with clay illuviation become increas
ingly typical in the interior of the hilly land and towards the 
Mecsek Range. Instead of Holocene sediments the base of 
zoned soils is.the Paks Loess Formation and the older over- 
lying beds.

5. Cainozoic geological history

The sedimentary setting, erosion and neotectonic cycles 
as well as valley and soil development in the area is report
ed by Marsi (2000b) in this volume. The presentation of 
the features of the evolution history is substantially sup
ported by data published there.

The Tertiary evolutional history of the area started with

a long denudation period. The morphological setting devel
oped in the surroundings of Mecsek Range by the beginning 
of Miocene was quite different from the current situation: 
the southern foreland was uplifted, whereas one part of the 
range became á sedimentary basin into which coarse
grained clastic sediments were transported by streams com
ing from the south. One of the transport channels of gravel 
derived mainly from Mesozoic rocks of Villány Range-like 
metamorphic rocks, Palaeozoic rhyolite and granite can be 
traced west of the study area. In the area itself denudation 
of granite was the prevailing process. The first Karpatian 
clastic sediments whose remnants can be observed in the 
SW and NW parts of the area were presumably transported 
in the same stream beds. As a result of Badenian transgres
sion the mouths of these streams shifted progressively to 
the south. Therefore, Badenian marine sediments can 
already be found in the Hidas Basin and the SE foreland of 
the range bearing some paralic coal fields of low quality. 
Later the area was slightly uplifted, as indicated by the lack 
of Sarmatian sediments.

The next transgression of the area took place in Late 
Miocene. Low-lying parts of the planar surface charac
terised by a variable morphology were almost entirely inun
dated by the Pannonian inland sea during transgression. 
Weathering of granite and accumulation of granite rubble 
proceeded on land before flooding presumably under a 
Mediterranean climate. Weathering continued under a 
semi-arid climate on surfaces free of water (Kaiser 1997) 
after the transgression, at the end of the Late Pannonian.

At the beginning of flooding terrestrial weathering 
products formed earlier in the area were mainly reworked 
by the inland sea. Therefore the base of the Pannonian 
sequence is composed almost invariably of fresh granitoid 
free of weathering. Residual weathering products could 
only be subordinately preserved even on land protected 
from erosion. According to geological and palaeomorpho- 
logical data, the study area had become a calm archipelago 
with occasional swampy bays by the end of Late Pannonian 
(Late Miocene). The eroded, granite land was elevated 
some-tens of metres from this level. The majority of the 
products of weathering could easily be washed down from 
the small land mass and could also be integrated into the 
material of the Kálla Formation.

On the basis of the geological data available, the high
est, central part of the Mórágy Hills was an island with an 
ENE-WSW axis in Late Pannonian (Late Miocene) which 
also includes the surroundings of the repository site. The 
currently traceable shoreline is indicated by an abrasional 
conglomerate. This conglomerate, together with a beach 
facies which shows a transition toward fine-grained sedi
ments of the interior of the basin are restricted to a very 
narrow strip, indicating prolonged stable conditions follow
ing the single-phase transgression. The wave zone of the 
ancient shoreline can be traced in several exposures such 
as in the valley of the Köves Stream, and in many sites 
between Kismórágy and Bátaapáti, southward from the 
Huta Stream and Lajvér. Drilling data do not indicate any



major change in the shoreline, while field data suggest the 
formation of a raised beach. Abrasional sediments can be 
traced from the upper reaches of the Köves Stream toward 
the quarries at Kismórágy, lying in a progressively lower 
position. The difference in altitude between the E and W 
parts is about 20-25 m. In agreement with the data from 
interpreted cross-sections, it is probably the result of the 
subsequent tilting of the area (Marsi 2000b).

The position of the overlying beds in the central part 
and foreland of the Mórágy Hills indicates that the Mórágy 
basement block, having been eroded throughout the entire 
Tertiary period up until the Late Pannonian (Late Miocene) 
sub-stage, was uplifted as a uniform block together with its 
surroundings from its Pannonian-type sedimentary envi
ronment at the end o f the Miocene and beginning of the 
Pliocene. This event terminated the lacustrine, inland-sea 
sedimentation period.

The sedimentary environment changed fundamentally 
after the Pannonian in the Pliocene and Early Pleistocene. 
A terrestrial sequence was initiated starting with another 
phase of accumulation of granite rubble followed by the 
deposition of the Tengelic Formation. We suggest that 
regionally there was a partial overlap in the time span 
between the accumulation of Tengelic Formation and gran
ite rubble. In some places the first one started to form ear
lier than elsewhere, where the accumulation of granite rub
ble proceeded up until the first appearance of the Tengelic 
Formation. The erosional regime can be followed in the 
study area from Late Miocene until 3.0 M years ago, result
ing in strong discordance. According to drilling data some 
hiatuses can be observed even within the formation.

Erosional cycles occurring during the Pliocene and 
Early Pleistocene in the surroundings of the Mórágy Hills 
can presumably be regarded as minor phases of uplift asso
ciated with the main structural events and subsequent 
denudation of the terrain that was insufficient to destroy 
the weathering crust. Consequently, as a result of the hills 
and the foreland belonging to the same structural unit, and 
the small difference in morphological level, this denuda
tion could not cause the erosion of the thick sedimentary 
sequences from the central part of the area. Debris occurs 
at the basis of the Tengelic Red Clay Formation or within 
the formation in several boreholes cut in the foreland, but 
its thickness remains between 10-20 cm and it is basically 
represented by some single debris layers.

By analogy with the wider surroundings of the area, a 
semi-arid Mediterranean climate prevailed during the Late 
Pliocene that was broken from the beginning of the 
Pleistocene by more and more distinct cooler periods. In 
global terms this change is quite prominent e.g. in China, 
where red clay deposition was replaced by loess accumula
tion approximately 2.5 M years ago (Rutter et al. 1990). 
In Hungary until the beginning of regional loess accumula
tion 1.0-1.2 M years ago deposition of red and variegated 
clay prevailed. A characteristic loess profile can be found 
in Dunaföldvár (Pécsi and Pevzner 1974). The evolution 
of the Tengelic Red Clay Formation in the area of the

Mórágy Hills can be described as repeated periods of long- 
lasting terrestrial weathering, soil development and slow 
denudation. Due to small differences in relief and long 
semi-arid periods, surface wash was controlled by erosional 
processes accompanied first of all by the accumulation of 
slope sediments. The typically thicker occurrence and pres
ence of more palaeosol horizons in the foreland supports 
this idea. Montmorillonites are the predominant clay min
eral in the samples related to the Tengelic Clay Formation 
bearing witness to a semi-arid climate. The effect of cooling 
down periods from the beginning of the Pleistocene could 
not be recognised by the current research. Argillisation and 
soil development on the basement and the overlying beds 
proceeded under the same climatic conditions across the 
area. Induced by the complex and very long weathering 
period, and independent of the character of parent rock, 
sediments of high clay content formed under climatic 
effects which were considerably enriched in barely disinte
grated quartz (Marsi 2000b). A mainly dry, Mediterranean- 
type soil development took place in the upper part of the 
weathering crust which lasted several tens of thousands of 
years or even one hundred thousand years (Retallack 
1990). In higher terrains, red to reddish brown complexes 
divided by calcareous strips and layers formed, while in 
lower terrains, brown, greyish brown, easily fracturing soils 
were formed. These soil types may reflect the fluctuation 
of slightly wetter and drier climatic periods. These sedi
ments can be found on the surface in one exposure in the 
brickyard at Bátaszék.

Towards the end of the Early Pleistocene there was a 
considerable change in the climate of the area similar to the 
whole Southeastern Transdanubia. Consequently, around 
1.0-1.2 M years ago semi-arid weathering and soil develop
ment, as well as accumulation of variegated and red clays 
were replaced by loess deposition for progressively longer 
periods. Loess horizons formed in cooler stages, whereas 
inter-stages (until the accumulation of the upper soil sub
horizon of the PD soil complex) were characterised by 
renewed development of red, Mediterranean-type soils, like 
those prior to the loess accumulation. One of the best 
example of this process is presented by the profile of the 
Borehole Ud-2A (Koloszár 1997).

Another erosional phase started in the Mórágy Hills 
approximately 1.77 M years ago and lasted for about one 
million years, i.e. it was still active at the beginning of loess 
accumulation. In the surroundings of the repository only 
the bottom “root zone” of the Formation was unaffected by 
this erosion. Not even the older members of the loess could 
accumulate there. Sedimentation replaced erosion only 
during the accumulation of the upper sequence of the Old 
Loess Series. The PD1 palaeosol is the oldest sediment 
within the Paks Loess Formation which could be identified 
in the majority of boreholes.

Another change in climate occurred around seven hun
dred thousand years ago. Accumulation of loess or slope 
loess in cold stages was followed by brown forest soil devel
opment in inter-stages, indicating not the previous dry,



Mediterranean climate, but a wet, mild climate instead. 
Two main related horizons formed in the area (Ph, MB).

According to the geological compilation cross-sections, 
neotectonic movements started in the area during the 
Middle Pleistocene in the boundary of the Old and Young 
Loess Series. It might have resulted in an upending of the 
structural unity of the area, manifested by the 35-55 m 
uplift of the central block as compared to the foreland. The 
uplift in the Eastern part was 20-25 m less than that in the 
West (Marsi 2000b). Intense valley incision was triggered 
by enhanced relief energy generated by the uplift. Resulting 
erosion reached as deep as the basement. Exposure of the 
basement in the slopes of the main valleys can be regarded 
as one of the consequences of the uplift. These places -  
first of all in inter-stages — gave just another opportunity for 
a new cycle for the accumulation of granite rubble. Prominent 
fluvial sedimentation, together with the development of 
zones affected by sliding and slumping induced by the pro
gressive backward incision and widening of the valleys, 
could start finally after valley development, following some 
presumed structural changes.

The morphology of the Mórágy Hills indicates that the 
orientation of the valley network was basically controlled 
by the dip of the topography. Sections of main valleys devi
ating from the general morphological dip might have been 
influenced by the structure of basement rocks as well as by 
their loosened belts, structural directions and foliation 
planes. The valley network formed essentially at its present 
site. This idea is proven by the fact that none of the bore
holes penetrated hilltops or hillside buried valley fills.

Apart from the accumulation of typical loess, the deposi
tion of slope loess also played a major role in the middle 
and upper parts of the lower sequence of the Young Loess 
Series. Additionally, solifluction was also prominent, espe
cially in the margin of the uplifted block. The climate of 
inter-stages became slightly drier during the deposition of 
this sequence resulting in the accumulation of forest steppe- 
type soils in the area.

Accumulation of the upper sequence of the Young 
Loess Series enhanced the relief energy of the region again 
inducing new phases of erosion in the Late Pleistocene and 
Holocene. Climate in the inter-stages became slightly more 
drier than during the soil development cycles in its underly
ing complex. In the main part of the area the sequence can 
be characterised by Chernozem-like soils with poorly devel
oped profiles. Chernozem brown forest soil was prominent 
in the area during the Holocene, indicating again a wetter 
and milder climate.
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Plate I — I. tábla

1. Abrasional shoreline gravel in the E part of Bátaszék — Abráziós partszegélyi görgeteg Bátaapáti K-i részén
2. E wall of the Kövesd clay quarry in the brickyard at Bátaszék — A bátaszéki téglagyár kövesdi agyagbányájának K-i fala
3. Sliding plane in the Kövesd clay quarry in the brickyard at Bátaszék — Csúszási felület a bátaszéki téglagyár kövesdi agyagbányájában

(Picture taken by: I. Marsi 1997)




