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Exploration near Üveghuta provided significant new knowledge on the properties of granite rubble, Tengelic Red Clay Formation 
and loess sequences. This paper is devoted to the study of terrestrial sedimentary cycles, processes, surface evolution and neotectonic 
conditions which had a significant impact on the composition and properties of the overlying beds of granites. These processes also 
played a leading role in the post-Pannonian (post-Miocene) evolutionary history of the area.

In addition to the multiphase evolution of granite rubble, the conditions of the deposition of Tengelic Red Clay Formation, stages of 
loess and paleosol development and sedimentation filling valleys were investigated in the overlying beds. Great attention was also paid 
to studying the relationship between the formation of granite rubble and chemical-biochemical weathering, two of the typical terrestrial 
processes frequently occurring in the Mórágy Hills area. Among the processes of surface evolution emphasis was placed on erosional 
and neotectonic cycles, as well as on valley development.

1. Introduction

A detailed scrutiny of the surface and structural evolu
tion of the area forms an important aspect of the research 
aimed at site selection for the disposal of low- and interme
diate-level radioactive waste. It also gives clues for predict
ing natural processes which can be expected in the future. 
This paper is devoted first of all to the study of the main 
geological, climatological, pedological and geomorphologi- 
cal processes around the Üveghuta site which exert the 
greatest influence on the Cainozoic, but primarily post- 
Pannonian (post-Miocene) evolutional history of the area.

The analysis covers the surroundings of the candidate 
site, mainly the 100 km2 area featuring 55 exploratory bore
holes where the stratigraphic correlation of overlying beds 
has been completed (Figure 1, M a r s i  2000). In this paper 
stratigraphic data presented in this volume together with 
the naming conventions of the stratigraphic units adopted 
there are used ( K o l o s z A r  et al. 2000). The basement map 
of the surroundings of the site also provided useful data 
( K ô k a i  1999).

2. Main cycles and characteristics of the genesis of 
overlying beds

Two, fundamentally different overlying sediments occur 
in the exploration area: marine and lacustrine formations 
deposited in large sedimentary basins, and terrestrial for
mations broken by hiatuses. Sedimentation filling the basin

Figure 1. Overview sketch of the Üveghuta exploration area
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terminated with the formation of Middle Miocene deposits 
of shallow-marine, near-shore, fluvial (deltaic) facies and 
Pannonian (Late Miocene) inland and lacustrine beds. Of 
these, two Middle Miocene, one Lower Pannonian, and 
two Upper Pannonian formations are known in the 
explored part of the Mórágy Hills. They have been identi
fied in foreland areas, as well as in the marginal and SW 
parts of the central block (Figure 2). Weathering products, 
terrestrial, aeolian, and slope deposits mainly formed after 
the Pannonian under different climatic conditions.

Granite rubble evolved in the area in several phases. It

was impossible always to distinguish unambigously the 
sequences of different ages during geological mapping — a 
factor that seriously hindered the reconstruction of the evo
lutional history.

2.1. Phases offormation of granite rubble

Under the term granite nibble we include residual clas
tic sedimentary rocks brought about through the physical 
disintegration of granitoid rocks on or close to the surface, 
and their varieties reworked through gravitation processes
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Figure 2. Basement map of the surroundings of the Üveghuta facility site
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Table 1
Minerals in the weathering zones of the granitoid rock in the E part of Bataapati

Mineral classes (%)

Sample clay clastic carbonate iron other amor-

mm. im. i. k. chi. z qz. kf. pi. I cal. d. z gh. he. z gypsum phous

1. 22 12 10 3 2 49 21 10 0 31 13 0 13 3 0 3 i 3
2. 18 16 5 10 0 49 22 10 4 36 8 2 10 2 0 2 0 3
3. 8 4 11 1 0 24 23 0 0 23 46 0 46 4 0 4 0 3
4. 3 2 0 ' 1 0 6 56 1 . 0 57 5 0 5 0.01 0 0.01 0 2

Samples (from outside inward): 1. = strongly clayey weathered granite (external weathering zone); 2. = clayey weathered granite (external weathering zone); 
3. = whitish weathering zone of granite block; 4. = reddish-variegated weathering zone of granite,block. Minerals: mm. = montmorillonite, im. = illite-mont- 
morillonite, i. = illite, k. = kaolinite, chi. = chlorite, qz. = quartz, kf. = K-feldspar, pi. = plagioclase, cal. = calcite, d. = dolomite, gh. = goethite, he. = 
haematite

or areal erosion, but only weakly transported. Disintegration 
can typically be induced by fluctuation of temperature, frost, 
effects of salt crystallisation, root pressure, etc. (Balogh 
1991). The re-deposited, well-stratified, well-rounded, mixed 
variety of granite rubble, with its structure changed through 
transport and reworked by abrasion has been assigned to 
fluvial, proluvial or Pannonian sediments. Apart from being 
incorporated in other formations, granite rubble could be 
transformed by weathering as well. In this case, as a result 
of chemical and biochemical weathering, the physically dis
integrated rubble was subjected to soil and clay development 
over a long period of time. From granite rubble it passes thus 
progressively to transformed, weathered sediments repre
sented by variegated clay, paleosol or by their mixed varieties.

In the explored area of the Mórágy Hills formation of 
granite rubble can be identified or suggested in three strati
graphic positions: in the base of Upper Pannonian sediments, 
in the Tengelic Red Clay Formation, and in the lower 
sequence of the Young Loess Series. Additionally, it also 
might have taken place during Middle Miocene sedimenta
tion. The latter is not proven in the area, but can be expect
ed in the SW part of the investigated region near Feked 
(Koloszár et al. 2000).

The existence of the ancient land mass is proven by the 
Budafa Formation series of fluvial-deltaic facies which 
includes a considerable amount of granitoid-based gravel. 
The formation is known to occur in the foreland area, usu
ally in the basement of Pannonian beds. Therefore it can be 
suggested that the area which may contain preserved Middle 
Miocene or older granite rubble can be distinguished from 
those sequences formed at a different time.

The profiles from the majority of boreholes indicate 
that Pannonian abrasion denuded the weathering crust, 
and its material was incorporated in sediments of the 
inland sea. Nevertheless, some boreholes (e.g. Feked-I, 
Mórágy-IV) penetrated granite rubble even in the basement 
of Pannonian deposits. Certainly, these boreholes were 
drilled in some loosened zones of the granitoid series, where 
weathering advanced deeper than in the surroundings. 
Hence the root zone of the weathering crust could locally 
be preserved. Such a weathered root zone cut off by 
Pannonian abrasion can be found in an exposure in the

E part of Bataapati. Zonal or spherical weathering of the 
loosened granite blocks can be observed there. In the exte
rior zones, weathering developed up to argillisation of the 
entire parent rock, whereas comparatively fresh granite 
blocks can be found surrounded by strongly fractured, 
brecciated rock, then rubble. X-ray diffraction of the relat
ed samples show that specific weathering zones are charac
terised by essentially different mineral associations. Beside 
climatic factors, it is for the most part due to local varia
tions in the composition and structure of the parent rocks 
(Table 1). The reworked rubble- and gravel-bearing sequence 
recovered in Borehole Feked-1 between 51.8-66.0 m indi
cates an originally greater thickness of underlying gravel.

In the exploration area the majority of granite rubble 
under the hilltops formed after the Pannonian (Koloszar 
et al. 2000). Its boundary with the Tengelic Formation has 
been drawn where the effects of chemical and biochemical 
weathering reworked the majority of granite rubble, and 
the percentage of clay fraction exceeds 20%. In the zone of 
overlying beds the length of the upwardly, progressively 
argillised clastic section ranges between 0.5-1.0 m and 
6.0-8.0 m, respectively. This is confirmed by the anomalies 
from the resistivity curves (Szongoth et al. 1996, Z ilahi et 
al. 1998).

In order to separate the youngest part of granite rubble 
from older granite rubble, sequences recovered in bore
holes were assigned to two groups as a function of their 
actual geomorphological position (situated in valleys or 
under hilltops). Their altitude was also determined. Of the 
34 analysed boreholes penetrating granite rubble, 16 were 
cut in valleys or valley margins (further valley boreholes), 
whereas 18 ended in hilltops or hillsides, in higher position 
than the surrounding valleys (further hilltop boreholes). 
The base level of the granite rubble ranges in valley and 
hilltop boreholes between 93.5-221.4 m and 100.0-235.6 
m, respectively. There is a considerable overlap between 
the two stratigraphic intervals, hence granite rubble recov
ered under hilltops and in valleys may not directly repre
sent two generations of the formation. The study of overly
ing beds and relative morphological position provided 
additional information for their division. On the basis of 
this evidence the relative morphological position of the for



mation was so low in 11 of the valley boreholes that the 
recovered beds could not have formed simultaneously with 
the rubble found under hilltops near the boreholes in ques
tion. Hence granite rubble of these boreholes has been clas
sified as the youngest sequence of this type that can be 
mapped (Chikán and Marsi 2000). The relevant bore
holes are as follows: Mórágy Mó-5, Mó-6, Üveghuta 
Üh-9, Üh-11, Üh-12, Üh-13, Üh-14, Üh-15, Üh-17, 
Üh-19 and Üh-24. Of the above 11 boreholes, Üh-24 is 
the only one where fluvial-proluvial (terrace) deposits of 
the beds overlying the granite rubble is covered by loess or 
slope loess as well (C hikán 1998). According to strati
graphic correlation this section of the profile can be 
assigned to the upper part of the lower sequence of the 
Young Loess Series, presumably enclosing the Mende 
Upper Soil Complex as well (Marsi 2000). This sequence 
and terrace sediments covered by young loess observed 
occasionally in the area bear witness to the probable exis
tence of valley margins during Middle Pleistocene, where 
granitoid rocks were exposed on or near the surface, pro
moting their weathering and disintegration.

Like the processes of disintegration and weathering of 
rocks, the speed of weathering and the material quality of 
weathering products depends fundamentally on actual cli
matic conditions (Balogh 1991). On the basis of research 
into sedimentary sequences in the Vértes and Velence Hills 
with climatic conditions presumably similar to our study 
area, Kaiser (1997) suggested subtropical climate at the 
boundary of Oligocene and Miocene associated with ter
restrial sedimentary processes. He assumes Mediterranean 
then semi-arid conditions during Pannonian continuing 
further into the Pliocene and Early Pleistocene, broken by 
a brief monsoon period. Traces of the global climatic 
change starting at the Pliocene-Pleistocene boundary are 
missing in the sediments under study. Considering the 
stratigraphic position of the different granite rubble sequences 
around the Mórágy Hills, a subtropical climate prevailing 
during Middle Miocene and earlier could induce weather
ing and formation of granite rubble. Mediterranean, then 
semi-arid conditions led to the formation of rubble making 
up the basement of Kálla Gravel Formation. The montmo- 
rillonite-bearing clay component of the upper part of gran
ite rubble underlying the Tengelic Formation also indicates 
a semi-arid climate, whereas cold, dry periods of loess 
development provided essentially the most favourable con
ditions for the formation of less clayey granite rubble dur
ing the Middle Pleistocene.

2.2. Accumulation of Tengelic Red Clay Formation

As much as five main types of Tengelic Red Clay 
Formation have been distinguished in the study area: varie
gated clay, red clay, variegated clay with red clay fragments, 
paleosols and bands of clayey rubble. According to avail
able information it can be dated between 3.0-1.77 Ma 
(Koloszár et al. 2000). The formation overlying essential
ly Pannonian beds becomes progressively thicker toward

the foreland of the granite massif. The results of field and 
laboratory tests show that it formed as the result of long
term physical disintegration, chemical and biochemical 
weathering, and partial re-deposition through areal erosion 
on gentle slopes (subordinately linear transport) of differ
ent underlying beds on dry terrains. Biochemical weather
ing and soil development became prominent factors on 
strongly argillised, stable or slowly eroded or eventually 
aggrading terrains.

Development of paleosols can be the result of process
es lasting 10,000 or even 100,000 years. During this period 
soil profiles or soil sequences several m thick, exceeding 
even 10 m. Their profile characteristics, soil structure and 
mineral associations reflect climatic conditions during 
their genesis (Yaalon 1983, Retallack 1990). Paleosols 
occur in the Tengelic beds of the area. Of their typical 
genetic patterns, the montmorillonite-bearing clay mineral 
association of the topsoil, the strongly fractured structure, 
and the reddish colouration brought about in the three- 
phase zone of the soil profile under oxygenated conditions 
all indicate semi-arid, and subsequently arid environments 
of formation. The lime accumulation level occurring in the 
subsoil indicates that one period of the season was rich in 
precipitation. On the basis of clay mineral associations in 
Tengelic beds of South-eastern Transdanubia, Kaiser (1999) 
suggests a semi-arid, Mediterranean climate in the area dur
ing Pliocene and the variation of slightly warmer and wet
ter periods with drier steppe-type climate towards the end 
of Early Pleistocene. The data collected allows us to distin
guish two main soil types in the study area. One of them is 
chiefly lime-free, reddish brown, greyish brown featuring a 
strongly clayey topsoil and strongly fractured structure. 
The other one is also very clay rich, with vivid red, lilac red 
topsoil and occasional lime accumulation in the subsoil. 
We suggest that both soil types reflect the effects of semi- 
arid, Mediterranean climate, though the first one could 
form under slightly drier conditions.

Provided that climatic effects are stable for a sufficient
ly long period so that a complete soil profile forms, the 
mineral associations formed during terrestrial, chemical 
and biochemical weathering are highly stable even without 
being buried, and they are not easy to alter. General experi
ence shows that climatic effect accompanied .by a stronger 
leaching factor can mask features formed by weaker leach
ing, during sufficiently long periods (Singer 1980, Retallack

1997). Since the investigated soil profiles of the Tengelic 
Formation are extremely poor in kaolinite, they have not 
been affected by any secondary strongly humid effects near 
the surface.

Like loess formations, the Tengelic Red Clay Formation 
also incorporates paleosol complexes. Under favourable 
conditions they were even preserved. Such soil horizons 
are known e.g. in Dunaföldvár (Pécsi and Pevzner 1974). 
These paleosols are less suitable for stratigraphic correlation 
than paleosols in loess. It is not only due to the denudation 
of their main part but also to the fact that the genetic con
ditions of sedimentation between the Tengelic-type soil



horizons strongly differ from those of the loess sequences. 
Deposition of the first type depends essentially on a sur
face evolution that varies according to each morphological 
unit and level. In the current phase of research it has 
proved impossible to correlate paleosol horizons of Tengelic 
Formation in the Mórágy area, or with similar beds of the 
surrounding areas. Degree of weathering can also throw 
light on the conditions existing during the creation of the 
formation. Quartz ratio within clastic mineral components 
determined by X-ray analyses were used for studying this 
aspect. I suggest that the higher the quartz ratio the longer 
the period of weathering.

The varieties formed on different (granitoid or Pannonian) 
basements are represented by data of Boreholes Üh-22 
and Udvari-2A. In the area of the Mórágy Hills the records 
of granite weathering zones and Tengelic Formation have 
also been compared.

The average quartz content of Pannonian deposits in 
Borehole Udvari-2A from the Tolna Hegyhát Hills amounted 
to 25.3% of a total clastic mineral content of 56.1%. In the 
overlying Tengelic formations these values were higher at to 
59.7% and 50.4%, respectively (Figure 3). In Borehole Üh-22 
the analysed rubble sample contained 22.0% quartz within 
the 52.3% of clastic components. These indices increase to 
39.9% and 49.9%, respectively in the borehole profile cut
ting through the Tengelic Formation (Figure 4).

In granitoids near Üveghuta quartz ratio in the primary 
minerals of weathering zones rises upward. In the granite 
rubble its average ratio reached 20.5% within 62.1% of clastic 
mineral components ( K o v á c s -P á l f f y  and M a r s i  1999). In 
Tengelic beds of Borehole Üh-5 within the 57.8% of clastic 
components the quartz ratio amounts to 44.6%. The same 
values in Boreholes Üh-1, Üh-2, Üh-3 and Üh-7 amount 
to 60.0% and 47.0%, 56.0% and 42.0%, 58.0% and 42.0%, 
and 47.0 and 39.0%, respectively.

Data from Boreholes Udvari-2A and Üh-22 show that

detrital mineral 
"törm elékes ásvány (%)

quartz 
®  kvarc (%)

Figure 3. Average quartz content of overlying beds in drilling 
Udvari-2A within clastic mineral components

F 2  = Y o u n g  lo e ss  se r ies , u p p e r  s e q u e n c e , F I  = Y o u n g  lo e ss  se r ie s , lo w er 
seq u e n c e , I = O ld  lo ess  series , P a  = P a n n o n ia n  s.l.

3. ábra. Az Udvari-2A fúrás fedőképződményeinek átlagos kvarctar
talma a törmelékes ásványokon belül

F 2  = F ia ta l  lö sz so ro z a t, fe lső  ö ssz le t, F I  = F ia ta l  lö sz so ro z a t, a lsó  össz le t, 
I = Id ő s  lö szso ro za t, T  = T engelici V örösagyag  F o rm ác ió , P a  = P a n n ó n iá i s.l.

detrital mineral 
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Figure 4. Average quartz content of overlying beds in drilling 
Üveghuta-22 within clastic mineral components

F 2  = Young loess series, u p p e r sequence, F 1 = Young loess series, lower sequence, 
I  = O ld  lo e ss  series , M  = g ra n itic  g ravel

4. ábra. Az Üveghuta-22 fúrás fedőképződményeinek átlagos 
kvarctartalma a törmelékes ásványokon belül

F 2  = F ia ta l  lö sz so ro z a t, fe lső  ö ssz le t, F I  = F ia ta l  lö sz so ro z a t, a lsó  ö ssz le t, 
I = Id ő s  lö szso ro za t, T  = T engelici V örösagyag  F o rm ác ió , M  = g rá n itm u rv a

the average quartz content in the Tengelic beds overlying 
the Pannonian basement increased by nearly 25% when 
compared to their parent rock. The same increase in the 
variety overlying granite rubble amounts to 18%. When 
other boreholes made during the Üveghuta exploration are 
considered in this analysis a more than 20% increase can 
be found in the average quartz content of Tengelic beds in a 
granitoid environment as compared to the quartz content 
in granite rubble. Given the montmorillonitic clay associa
tion, the considerable increase in quartz content in the 
Tengelic Formation beds as compared to that of their 
underlying beds can be regarded as proving enrichment in 
minerals with a strong resistance to weathering and conse
quently, long-lasting semi-arid weathering.

2.3. Periods of loess- and paleosol formation

The two main, fundamentally different sedimentary 
sequences of the Paks Loess Formation are loess and pale
osol horizons. Slope loess versions and solifluction sedi
ments were also assigned to loess horizons. Deposition of 
the formation proceeded in the region of Mórágy Hills in 
seven loess evolutional, and also seven soil development 
cycles, alternating with each other ( K o l o s z á r  et al. 2000). 
Certainly, alternation of the sedimentary cycles was con
trolled by the joint effect of climatic changes and local fac
tors. Cyclic alternation of loess sequences and paleosols 
within the profile, as well as changes in the main soil types 
between loess sequences are essentially due to temporal cli
matic changes. On the other hand, slightly different pale
osol types within the loess sequence are controlled by 
changes in local conditions. According to the classical the
ory of loess development glacial and stadial periods can be 
characterised by swift loess deposition, whereas inter
glacial and interstadial periods led to stagnant or at least 
slowed deposition, making way for soil evolution as the 
main sedimentary process. According to borehole logs this
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Figure 5. Clay and carbonate content of overlying beds in drilling Üveghuta-22

A  = re c e n t so il A  h o riz o n , B = re c e n t  so il B h o riz o n , L I  = 1 lo e ss  h o riz o n , H  = h u m ic  h o riz o n , L 2  = 2 lo ess  h o r iz o n ,  M F  = M e n d e  U p p e r  so il co m p lex , 
L 3  = 3 lo e ss  h o riz o n , B D 1 = B asa h a rc  D o u b le  1 su b h o riz o n , B D L  = L o e ss  d iv id in g  B asa h a rc  D o u b le  so il co m p lex , B D 2  = B asa h a rc  D o u b le  2 su b h o riz o n , 
L 4  = 4 lo e ss  h o r iz o n ,  B A  = B a s a h a rc  L o w er so il c o m p lex , L 5  = 5 lo e ss  h o riz o n , M B  = M e n d e  B asa l so il co m p lex , L 6  = 6 lo e ss  h o r iz o n ,  P h  = P a k s  s a n d y  
s o il c o m p le x , L 7  = 7 lo e s s  h o r iz o n  ( “p a le  lo e ss  h o r iz o n ” ), P D 1  = P a k s  D o u b le  1 s u b h o r iz o n ,  T  = T e n g e lic  R e d  C la y  F o r m a t io n .  M  = g ra n itic  g ravel

5. ábra. Az Üveghuta-22 fúrás fedőképződményeinek agyag- és karbonáttartalma

A  = re c e n s  ta la j  A  sz in t ,  B = re c e n s  ta la j  B sz in t ,  L 1 = 1 lö s z h o r iz o n t ,  H  = h u m u s z h o r iz o n t ,  L 2  = 2 lö 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 , 
L 3  = 3 lö s z h o r iz o n t ,  B D 1 = B a s a h a rc  D u p la  1 a lh o r iz o n t ,  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 , B D 2  = B a s a h a rc  D u p la  2 a lh o r iz o n t,  
L 4  = 4 lö s z h o r iz o n t, B A  = B a s a h a rc  A lsó  ta la jk o m p le x u m , L 5  -  5 lö s z h o r iz o n t, M B  = M e n d e  B áz is  ta la jk o m p le x u m , L 6  = 6 lö s z h o r iz o n t, P h  = P ak s i 

h o m o k o s  ta la jk o m p le x u m , L 7  = 7 „fakó  lö s z h o r iz o n t”, P D 1 = P a k s  D u p la  1 a lh o r iz o n t, T  = T enge lic i V ö rösagyag  F o rm á c ió , M  = g rá n itm u rv a



alternation is far from being sharp. Frequently an upward 
lightening transition from paleosol to loess can be identi
fied (“Á” transitional level). In such a case sedimentation 
accelerated and soil evolution was not able to “keep pace” 
with the speed of loess formation (Kriger 1984, Pécsi 
1990). When loess evolution slowed down for a short peri
od, slightly developed juvenile soil formed (“J” juvenile soil 
horizon). Differences in local morphology further compli
cated cyclicity brought about by these climatic changes. 
Morphological impact can result in the formation of differ
ent loess profiles even within small distances. The profiles 
can be described by the alternation of local erosion hiatus
es, re-deposited (“I” inverse) soil profiles, paleosols of vary
ing thickness and properties, interdigitating typical and 
slope loesses, and local solifluctional accumulation. The 
combined effect of climatic and morphological factors is 
clearly manifested in the theoretical profile illustrating the 
correlation of overlying beds in Boreholes Üh-2, 3, 4, 5, 6 
and 7. Comparatively large variations in the loess series of 
adjacent boreholes can be clearly observed (Koloszár and 
Marsi 1999).

Specific layers can show totally different characteristics 
within the loess profile. Sedimentological data provided a 
great help for their study. Clay and carbonate content of 
the specific horizons can furnish information on the degree 
of reworking of the related material during its formation, as 
well as on the duration and intensity of soil development and 
weathering. High clay content refers to long-term weather
ing, whereas lime washout and migration of clay in subsoil 
indicate slight or strong leaching (Stefanovits et al. 1999). 
Data of Borehole Üh-22 provides the most precise infor
mation on some sedimentological features of the Paks 
Loess Formation in the study area. It represents one of the 
most thoroughly examined profiles of the region (Figure 5).

In the part of the profile of the borehole made up of loess 
the topsoil of soil horizons is more enriched in clay than 
the subsoil except for the Mende Basal Soil Complex (MB). 
Moreover it rises slightly down the profile as a function of 
changes in main climate zonal soil types (soil profile 
reflecting the climate of a given climatic zone). Lime accu
mulation can be observed invariably in the subsoil of each 
paleosol though in different forms and amounts. More 
residual carbonate minerals can be found in the upper part 
of paleosol profiles of the Young Loess Series than in those 
of the Old Loess Series. The Paks Sandy Soil Complex (Ph), 
together with the upper sub-horizon (PD1) of the Paks 
Double Soil Complex were subjected to strong leaching, 
rendering their topsoil lime-free.

Considering the loess horizons, it is interesting to note 
that the clay content in the different samples of the two 
upper horizons (LI and L2) is nearly constant, whereas it 
diminishes up the profile within older horizons (L3-L7). 
This can presumably be explained by the different dynam
ics operating during the formation of specific loess hori
zons (velocity, state of weathering etc.). H um (1997) devot
ed much time to studying climatic conditions during the 
evolution of young loesses and paleosols in the Mórágy area.

The reported data are in good agreement with his re
sults.

Accordingly, the evolution of loess and paleosol in the 
study area can be outlined as follows. The study of some 
Southeastern-Transdanubian loess profiles more complex 
than the ones around the Mórágy Hills suggest that toward 
the end of Early Pleistocene semi-arid Mediterranean 
weathering and soil evolution was broken by loess forma
tion in the area for progressively longer periods. Formation 
of variegated and red clays was replaced by deposition of 
loess horizons in stadials, whereas Mediterranean-type, 
red-profiled soil evolution very similar to soil development 
prior to loess formation went on in interstadials up until 
the evolution of PD1. Only the last phase of this process 
can be traced in the profiles of the exploration area (the 
upper part of the lower sequence of the Old Loess Series) 
(Koloszár et al. 2000).

During the formation of the upper sequence of the Old 
Loess Series there were presumably only very slight differ
ences in relief featuring essentially gentle slopes, since one 
of the best marker horizon within the loess sequence, the 
nearly 5-m-thick “pale loess” observed in most boreholes 
extends there. During the formation of this sequence, 
around 500,000-600,000 years ago, a new climatic change 
started in the study area. Brown forest soils favouring mild, 
wet climate formed in interstadials. Their two main hori
zons occur in the area, the Ph and MB Soil Complexes.

In addition to the formation of typical loess, deposition 
of slope loess as well as solifluctional sedimentation in the 
periphery of uplifted blocks were also important processes 
in the middle and upper parts of the lower sequence of the 
Young Loess Series. Climate in the interstadials became 
slightly drier during this period and forest steppe soils 
formed in the area. From bottom upwards these are the 
Basaharc Lower (BA), Basaharc Double (BD) and Mende 
Upper (MF) Soil Complexes.

During interstadials of the upper sequence of the Young 
Loess Series, the climate became somewhat drier than in 
soil development cycles of the underlying complex, result
ing in brief periods of soil evolution. Hence the sequence 
mostly exhibits weakly developed chernozem-like profiles 
and humic sub-horizons (Hl, H2).

During the Holocene chernozem-brown forest soil 
evolved predominantly in the area, suggesting slightly wet
ter climatic conditions. Stagnant or entirely halted loess 
evolution, and the observed climatic changes during the 
Holocene are not conclusive on whether the Holocene indi
cates the end of ice age or just an interglacial period.

2.4. Sedimentation of valley fill

The distinct fluvial sedimentation traceable in the main 
valleys of the area presumably started in the Middle 
Pleistocene. Of the main valleys, the lower reach of Huta 
valley and the valley of the Lajvér Stream exhibit Pleistocene 
fluvial terrace deposits occasionally covered by loess or 
slope loess, the latter incorporating eroded or undisturbed



paleosols. Borehole Üh-24 drilled at the intersection of the 
Huta and Mészkemence valleys recovered similar valley 
sequence-bearing fluvial deposits as well. In the borehole, 
granite rubble is covered by 3.2 m-thick, ill-sorted, slightly 
rounded sand with granite pebbles, overlain in turn by slope 
loess representing older loess sequences affected by brown 
forest soil evolution. The slope loess mixed with eroded soil is 
covered by intact forest steppe soil correlated with the MF Soil 
Complex ( M a r s i  2000). Loess and slope loess devoid of 
the material of eroded soil can be observed further upward 
the profile buried under an extremely thin, humic deposit. 
The latter can be correlated with the upper sequence of the 
Young Loess Series and with recent soil above.

Fluvial-proluvial deposits and their cover which proba
bly represent the higher part of the Young Loess Series can 
be studied in some exposures as well. Terrace morphology 
can be revealed in some other places, first of all in the val
leys of the Lajvér and Rák streams which exhibit one ter
race level. Some sliding belts occur along the periphery of 
the main valleys and in large zones of valley sides. This sug
gests that terrace sediments are frequently covered by slid- 
down loess. Nevertheless, reported drilling data and inter
pretations ( K o l o s z A r  e t  al. 2000) suggest that not only slid 
loess, but also loess in undisturbed stratigraphic positions 
can cover terrace sediments. Consequently, granite rubble 
occurring in the main valleys of the exploration area can 
presumably be the heteropic facies of the older part of the 
lower sequence of Young Loess Series, and of the middle 
part of terrace sediments buried under loess deposits.

Terraced valleys also built their floodplain levels during 
Holocene. Terraces could not form in the narrowing upper 
reaches of larger valleys. These sites can be characterised 
by upward fining valley fill formed from the Middle 
Pleistocene until Holocene. This situation can be observed 
in the upper reach of the Huta valley, the lower reach of 
Mészkemence valley, in the valley of Köves Stream and of the 
stream traversing Mórágy except for its uppermost reach.

With advancing erosion fluvial sedimentation typical in 
the area up to today was supplemented by the formation of 
the products of linear transport, as well as slope-related 
processes and sliding. As a function of the type of material 
transport they occur at different morphological levels. 
Hence valley fills in the direct or indirect cover of terrace 
sediments are represented by fluvial floodplain or prolu
vial, proluvial-deluvial deposits. In valley sides Upper 
Pleistocene to Holocene slope and slid sediments alternate 
with each other ( K o l o s z A r  e t  al. 2000).

3. Surface evolution and neotectonics

Evolution of the surface and young structural elements 
was studied on geological cross sections ( C h i k A n  and 
Marsi 2000). Cross section 1 traverses the highest part of 
the area from ESE to SSW (F igure  6 ), cross section 2 runs 
slightly to the north toward the foreland area (F igure  7), 

whereas cross section 3 crosses the planned site (F igure  8 ) .

3.1. E ro s io n a l a n d  n eo tec to n ic  cycles

Two hypotheses exist concerning structural movements 
which influence erosion in the explored part of Mórágy 
Hills. One of them stresses that the study area was uplifted 
from its environment as a whole, being part of a larger geo
logical unit, while the other one suggests that blocks within 
the explored area could also have moved relative to one 
another. Geological data allows the identification of several 
erosion cycles, though with different probability ( K o l o s z A r  

e t  al. 2000):
— Boreholes Cikó-4 and Cikó-5 in the S part of the 

Hidas Basin and in exposures NW of Feked indicate 
a prolonged denudation period in the area during the 
Middle Miocene.

— From Late Pannonian onward the erosion centre of 
the investigated part of the Mórágy Hills coincides 
with the surroundings of the highest point of the 
actual central area. Boreholes Üh-1, Feked-I and 
Bátaszék-3 can be found there. Regional denudation 
was evident in the profile of several exploratory 
boreholes as well as in some exposures. It was 
induced by Late Pannonian transgression, which re
worked weathering products of the foreland and 
small lands emerging from the water.

— Sedimentation in lakes and inland sea is presumed 
to have been terminated as a result of regional uplift 
of the area in Late Miocene to Early Pliocene. 
Erosion disconformity is indicated in the central 
part of the area from Pannonian sedimentation to 
about 3 million years ago. It is confirmed by some 
drilling data in the foreland. A thin, clastic sedimen
tary cycle can be revealed in the basement of the 
Tengelic beds in the foreland, indicating a slight ero
sion affecting the central part. Such a sequence was 
observed in NW and SW in Boreholes Ófalu-5, 
Cikó-5 and Feked-I, respectively.

— The central part of the area might have been affected 
by erosion even during the deposition of the Tengelic 
Formation, a suggestion supported by the thin clastic 
band occurring in the higher level of Tengelic beds in 
Boreholes Palatinca-2 and Mórágy-II.

— Weak erosion succeeding renewed regional uplift 
could have occurred in Early Pleistocene. As a result 
of areal erosion initiated under semi-arid climate the 
central part of the area was cut off. Consequently, 
just the lower “root zone” of the Tengelic beds was 
preserved there (Figures 6 and 8). The youngest pos
sible age of its occurrence around Boreholes O h-2 
and Oh-5 is 1.77 Ma ( F ö l d v á r i  e ta l . 1999). Following 
the uplift which resulted in a more than 1 Ma discor
dancy, the erosion period continued through the 
period in which loess developed. The uppermost 
horizons of the lower sequence of the Old Loess 
Series have been preserved in the area. The profile 
starts there with the PD1 soil sub-horizon of the 
upper sequence of the Old Loess Series, or in some



boreholes with its direct base, the “thin loess”. In 
most of the study area the lower sequence of the Old 
Loess Series exhibits uniform features, but in 
Borehole Üh-6 the complete PD 1 soil is missing.

— The second regional erosional cycle during loess evo
lution started immediately after the formation of the 
Mende Basal Soil Complex. According to data com
piled from geological cross sections, the central 
block of the Mórágy Hills was uplifted, thus ending 
the structural unity between the central and foreland 
zones. Uplift of the central block was accompanied 
by gentle tilting: the uplift amounts to 35 m in the E 
exhibiting a progressive, westward increase, approaching 
even 55 m in the west of the explored area. Except 
for one segment in the N part, the boundary of the 
two regions can be traced along main valleys (Figure 
1). The W boundary of the uplifted block is consid
ered to be the N-S striking structural line interpret
ed by the comparison of data provided by Borehole 
Ófalu-4 and Ófalu site. The related neotectonic 
movement was assumed to have taken place during 
Middle Pleistocene ( C h i k á n  1989). Geological data 
indicate that the structural movement started after 
the formation of the Mende Basal Soil Complex. P é c s i  

(1995) suggests that it occurred around 280,000 
years ago.

The attempt to identify peripheral faults of the uplifted 
block was made upon the vertical displacement revealed 
between correlated horizons of the Kálla and Somló 
Formations, as well as the stratigraphic position and prop
erties of post-Pannonian sediments.

Compiled cross sections allowed us to recognise four 
faults separating the central block from its foreland. The 
displacement observed between Pannonian horizons in the 
SE part of the area, between Boreholes Mórágy-V, S -169 
and Bátaszék-1 and the valley margin of the Lajvér Stream 
amounts to 30-35 m (Figure 6).

The same picture applies to the valley of the Lajvér 
Stream. Comparison of Boreholes Mórágy-I and Alsónána-2 
shows some 30-40 m difference between the level of related 
Pannonian formations there (Figure 7). Even the beds cov
ering Pannonian formations are of different character in 
the two wings of the valley. Tengelic beds and loess 
sequences show a complete profile typical for the area in 
Borehole Alsónána-2, drilled in the down-faulted block. At 
the same time, Borehole Mórágy-I, drilled in the uplifted 
area, exhibits a truncated post-Pannonian sequence. Tengelic 
Formation and the Old Loess Series are missing below, and 
the upper sequence of the Young Loess Series is missing 
above. The lower sequence of the Young Loess Series seen 
in the borehole between 133.6-145.5 m is made up of locally 
micro-stratified slope loess with a disturbed structure bear
ing a paleosol horizon between 135.5-136.9 m. Slope loess 
is covered by well-stratified to micro-stratified solifluction 
deposits occurring at the 145.5-151.2 m morphological 
level frequently bearing eroded, soil-affected material. They 
are also broken by zonal paleosol between 145.5-146.9 m.

The structure of both paleosols reflects the disturbed, poor
ly-stratified, or distinctively micro-stratified structure of 
their specific parent rock i.e. solifluction patterns. On the 
other hand it indicates undisturbed forest steppe soil evolu
tion. The upper part of the profile continues with typical 
loess covered on the surface by a forest steppe-like soil hori
zon with a partially eroded profile. According to the strati
graphic correlation, soil horizons of the profile can be iden
tified as the Mende Upper, Basaharc Double and Basaharc 
Lower Soil Complexes. Consequently, uplifting and subse
quent strong erosion between the Old and Young Loess 
Series can be assigned to the lower sequence of the forma
tion of the Young Loess Series, whereas solifluctional sedi
mentation can be suggested to have taken place approxi
mately from the evolution of Basaharc Lower to the forma
tion period of Basaharc Double and Mende Upper Soil 
Complexes. Data reported by P é c s i  (1995) indicates the 
development of the two soil complexes occurred between 
280-230 thousand years ago. Boreholes Alsónána-2, 
Alsónána-3, Mórágy-II and Bátaszék-1 were cut in the 
reaches of the Lajvér-Stream valley discussed above in the 
down-faulted area. The setting of the uplifted region is illus
trated by the profile of Boreholes Bátaszék-2, S-169, 
Mórágy-IV and Mórágy-V.

The next portion of the profile reflecting neotectonic 
displacement occurs in the surroundings of the mouth of 
the Huta valley ( C h i k á n  and M a r s i  2000). Displacement 
between Pannonian horizons in this area is estimated between 
40-50 m, based on the comparison of profiles from 
Boreholes Palatinca-2, Bátaapáti-I and Bátaapáti-VI.

The fourth young structural movement identified in 
cross-section can be traced in the NW part of the area in 
the valley side of Rák Stream ( K o l o s z á r  2000). Vertical 
displacement between Pannonian horizons amounts to 
around 50 m there according to the comparison of borehole 
profiles Ófalu-5, Cikó-V, Hidas-VIII and Cikó-5. The base 
level of the Tengelic beds and loess sequences in Boreholes 
Ófalu-5 and Palatinca-5 indicate similar amounts. The 
basement of the Tengelic Formation was intersected in 
Boreholes Ófalu-5 and Cikó-5 at 197.8 m and 141.6 m, 
respectively. In addition to the difference in the strati
graphic level of effectively the same horizons, the Young 
Loess Series seen along the N valley margin of the Rák 
Stream and in the profile of Borehole Mórágy-I displays 
virtually similar characteristics. Boreholes Bátaapáti-VII, 
Ófalu-5 and Cikó-2, Cikó-4, Cikó-5, Cikó-V, Hidas-VI, 
Hidas -VIII were intersected in the uplifted and down-fault
ed areas, respectively.

The Holocene brought a new erosion cycle to the area. 
However, it was not due to structural movements. Denudation 
was induced by the deposition of the minimum 20 m thick 
upper sequence of the Young Loess Series.

In summary, we assume on the basis of available data 
that beside structural movements, climatic changes con
trolled erosion processes in the explored area of Mórágy 
Hills. There are only a few data on the regional denudation 
in Middle Miocene. Geological and paleomorphologic
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studies performed indicate generally very slow, gentle ero
sion accompanied by limited material transport from Late 
Miocene till Middle Pleistocene (erosion cycles 2-5). It 
suggests that the Mórágy Hills moved during this period, 
together with a larger structural unit and the central part of 
this unit was presumably more protected from erosion. 
Apart from structural and geomorphological features, slow 
denudation was also induced by climate up to the forma
tion of the PD1 sub-horizon. Prolonged Mediterranean- 
semi-arid periods revealed by the sediments of the area 
induced the terrain’s slow cut-off and facilitated erosion 
processes with limited re-deposition.

On the basis of the analysis of compiled geological 
cross sections and palaeo-pedological data, the sixth ero
sion cycle can be described by climatic and geomorpholog
ical conditions very different from the ones discussed 
above. Palaeo-pedological information shows that the cli
mate of interstadials during the formation of the upper 
sequence of the Old Loess Series became substantially wet
ter as compared to the previous periods, shown by the 
occurrence of brown forest soils within the deposits. 
According to geological cross sections the central part of 
the explored area was uplifted with a slight tilt taking place, 
presumably after the formation of the MB Soil Complex. 
This structural movement divided the terrain into smaller 
units disrupting the comparative protection of the central 
part against erosion. Wetter climate reinforced the effects 
of structural movement. This erosion cycle can thus be 
characterised with more intense material transport. In the 
course of denudation linear material transport became pre
dominant, in addition to intense slope processes.

3.2. Young valley development

Granite basement forms a hill with SNS-WSW axis in 
the investigated area. It dips slightly toward ENE and flat
tens smoothly toward the foreland. It is covered by overly
ing beds becoming progressively thicker toward the interior 
of the basin (K oloszár  et al. 2000). According to the 
palaeomorphology resulting from the geological setting, 
the tendency of main dip directions of the relief is quite 
similar in each period from Late Miocene onward. The 
internal block of the study area was elevated higher than 
300 m asl. It represents the erosion centre of the area from 
Late Pannonian up to today. The surface of the granite 
basement varies between 250-260 m asl. and also reaches 
its highest elevation there. The general dip of the relief 
together with the position, morphology, properties and 
structural features of the basement exerted the greatest 
influence on valley orientation. Studying morphology it 
becomes apparent that the orientation of the valley net
work corresponds essentially to the dip of the relief. Main 
valleys of the interior (valleys of Huta Stream, Mórágy Stream 
and Kövesd rill) were incised in basement rocks along the 
dip of the basement almost in symmetrical configuration 
also apparent on the basement map (Figure 2). Buried val
ley fills were completely missing in all loess or older

sequences of the 38 hilltop boreholes drilled and investigat
ed in the study area. This indicates that the valley network 
was created at its present site. No indications of ancient 
buried valleys different from the current ones were found.

According to geological data the main valleys presum
ably formed as a result of valley incision following the 
Middle Pleistocene uplift. The suggested uplift of the cen
tral part of the area increased relief energy triggering even 
more intense valley development, especially during wetter 
periods with forest soil evolution. The down-cutting in 
main valleys was so intense that even the basement was dis
sected through erosion. The relative age of terrace sedi
ments indicates that this process could already have taken 
place by then. Analysing the orientation of major valleys, it 
is clear that some of their reaches deviate from the general 
dip direction. This can be explained by the strike of base
ment rocks, their variously weathered zones, and loosened, 
faulted structure. The bend of the Köves Stream at right 
angles represents such an accordant structure. The valley 
of Huta Stream probably follows a loosened, tectonically 
accordant zone in the basement. This idea is supported by 
the thick G II zone identified by well-logging in Borehole 
Üh-24. Concerning main valleys, younger accordant tec
tonic features might have also taken part in the formation 
of some reaches of the Lajvér-Stream valley and the W-E 
reach of Rák-Stream valley. This is also a consequence of 
the fact that we were able to draw faults through several 
points of the valleys in sections crossing the two valleys. 
These valley sections coincide with the boundary of units 
uplifted or thrown down during the presumed Middle 
Pleistocene neotectonic movement (Figure 1).

As a result of uplifting, the formation of loess horizons 
during interglacial and interstadial cycles was followed in 
the Holocene by intense erosion. It brought about a dense 
network of tributary and subsidiary valleys attached to 
main valleys, as well as slide-affected belts, and resulted in 
swift recession of valleys and gullies. The majority of tribu
tary and subsidiary valleys are younger than the main ones, 
as indicated by the relative age of their sediment fill. Most 
of the smaller valleys and gullies can be regarded as erosion 
valleys formed along the general dip of the terrain.
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