
Introduction

A new stage in the geological exploration of the NE part
of the Mórágy Block in 2002–2003 (BALLA et al. 2003;
Figure 1) yielded several scientific results, also related to the
Quaternary cover sediments of the Mórágy Granite. This
was partly due to the use of new (i.e. spherula, palynologi-

cal, and malacological) investigation methods and partly to
the fact that even the results of instrumental laboratory
analyses — such as X-ray diffraction, thermoanalysis, and
magnetostratigraphy — and well logging of the Quaternary
formations became more exact. In the present study, out of
the new scientific results of stratigraphic relevance and
based on detailed investigations, those will be presented that
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Abstract
In recent years, the Quaternary cover sediments of the Mórágy Granite have been investigated over an area of about 60-70 km2 area of the

Mórágy Block, in nearly 80 boreholes and dug wells. During this process the correlation and various investigations of several thousand layers of the
exposed cover formations were carried out. In the present study a summary is given of the most important results of the field, geophysical, laborato-
ry, and palaeontological investigations of the Quaternary cover sediments as well as the derived new significant conclusions on their structure,
stratigraphic correlation, and evolution.

Furthermore, a presentation is made of the possible correlation between the geological horizons of the Tengelic Red Clay Formation and the
Paks Loess Formation, as Pleistocene stratigraphic units, and also the well-log units; this particular piece of the research is based on the electric re-
sistivity, magnetic susceptibility, natural gamma, and neutron porosity measurement results.

By means of mineralogical and geochemical investigations, and using the parameters elaborated on the basis of the value limits of the examina-
tion (characteristic of the individual formations recognised during the research of the Tolna Hegyhát Hills), the different facies of the cover sedi-
ments can be well distinguished. The data obtained have helped significantly in identifying the layer correlation, and in the recognition of the sedi-
mentation and the epigenic alteration and migration processes.

The new palaeomagnetic measurements from the field data of the area verify the layer correlation — that is, the extension of the time of genesis
of the Tengelic Red Clay Formation to that of the Paks Double Soil Horizon.

The spherula, palynological, and malacological investigations, first carried out in the area in the exploration in 2002–2003, provide the possi-
bility for a partly new, local and a partly regional correlation that makes the knowledge already gained on the formations more precise. In some
cases, the subdivisions of the formations acquired by using different methods could not be compared totally to each other due to the low data densi-
ty, or for other reasons.

By means of the common interpretation of the different investigations and analyses, the knowledge on the internal structure, soilisation, and sec-
ondary alteration of the cover sediments was amplified. A very important new result is the extension of the age of the Tengelic Red Clay Formation to
the lower part of the Middle Pleistocene. This makes necessary a revaluation a hiatus of about 1 million years, assumed previously to be part of the
Quaternary evolutionary history of the area. From stratigraphic and evolutionary points of view, it is important that the Paks Loess Formation is not
only thicker in an absolute sense but also more complete stratigraphically on the margins or on certain protected valley sides of the hills. Furthermore,
it is also significant that the section of the formation below the Loess Horizon L7 (Middle Pleistocene) may be replaced even by fluvial sediments. The
leading horizons of the formation can be correlated with the corresponding horizons of the Chinese loess plateau and the marine oxygen isotope scale.
It is also an important result that the Late Pleistocene age of a larger slide section of the territory could be confirmed by palynological data.



have done most improve and modify the previously pub-
lished, detailed stratigraphic evolutionary picture of the area
(KOLOSZÁR et al. 2000; MARSI 2000; KOLOSZÁR, MARSI

2002). The sequence will be made more exact by palaeo-
magnetic data; furthermore it will be compared to the ma-
rine isotope scale and the horizons of the Chinese loess
plateau.

Main units 
of the Quaternary sediments

In recent years, Quaternary cover sediments were inves-
tigated in nearly 80 boreholes, drilled mainly in hilltop and
valley positions, as well as dug wells over an approximately

60-70 km2 area of the Mórágy Block. The Quaternary cover
sediments were assigned into the Paks Loess Formation and
the underlying Tengelic Red Clay Formation, as well as a
(lithostratigraphically so far not classified) fluvial complex.
The slump and slide parts of the latter will be discussed as a
separate unit. For the lithostratigraphic subdivision of the
Paks Loess Formation, the earlier elaborated nomenclature
(KOLOSZÁR et al. 2000) is used (Figure 2). For the Tengelic
Red Clay Formation, a new characterisation will be given.
The fluvial complex below the loess will be characterised as
a newly recognised formation.
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Figure 1. Outline sketch of the research area
1 — exploratory borehole, 2 — dug well, 3 — the line of the well-log correlation profile, 4 — the line of the geological correlation profile

1. ábra. A kutatási terület áttekintő vázlata
1 — kutatófúrás; 2 — ásott kút; 3 — mélyfúrás-geofizikai korrelációs szelvény nyomvonala; 4 — földtani korrelációs szelvény nyomvonala
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Figure 2. Lithostratigraphic subdivision
of the Paks Loess Formation in the re-
gion of the Mórágy Block and the Tolna

Hegyhát Hills 
Horizons. Soil horizons: H = Humic
Horizon, MF = Mende Upper Soil Horizon,
BD = Basaharc Double Soil Horizon, BA =
Basaharc Lower Soil Horizon, MB = Mende
Basal Soil Horizon, PH = Paks Sandy Soil
Horizon, PD = Paks Double Soil Horizon,
PDK = Paks– Dunakömlőd Soil Horizon,
PV1 = Paks Red Soil Horizon 1, PV2 = Paks
Red Soil Horizon 2, PV3 = Paks Red Soil
Horizon 3. Loess horizons: L1–L12 = loess
horizons. Subhorizons. Soil subhorizons:
H1 = Humic Subhorizon 1, H2 = Humic
Subhorizon 2, MF1 = Mende Upper 1 Sub-
horizon, MF2 = Mende Upper 2 Subhorizon,
BD1 = Basaharc Double 1 Subhorizon, BD2
= Basaharc Double 2 Subhorizon, BA1 =
Basaharc Lower 1 Subhorizon, BA2 =
Basaharc Lower 2 Subhorizon, MB1 =
Mende Basal 1 Subhorizon, MB2 = Mende
Basal 2 Subhorizon, PH1 = Paks Sandy Soil 1
Subhorizon, PH2 = Paks Sandy Soil 2 Sub-
horizon, PH3 = Paks Sandy Soil 3 Sub-
horizon, PD1 = Paks Double 1 Subhorizon,
PD2 = Paks Double 2 Subhorizon. Loess sub-
horizons: HL = Loess-dividing Humic
Horizon, MFL = Loess-dividing Mende
Upper Soil Horizon, BDL = Loess-
dDividing Basaharc Double Soil Horizon,
BAL = Loess-dividing Basaharc Lower Soil
Horizon, MBL = Loess-dividing Mende
Basal Soil Horizon, PHL1 = Loess-dividing
Paks Sandy Soil Horizon 1, PHL2 = Loess-
dividing Paks Sandy Soil Horizon 2, PDL =
Loess-dividing Paks Double Soil Horizon 

2. ábra. A Paksi Lösz Formáció lito-
sztratigráfiai tagolása a Mórágyi-rög és 

a Tolnai-Hegyhát térségében
Horizontok. Talajhorizontok: H = Humu-
szos Talajhorizont, MF = Mendei Felső Ta-
lajhorizont, BD = Basaharci Dupla Talaj-
horizont, BA = Basaharci Alsó Ta-
lajhorizont, MB = Mendei Bázis Talaj-
horizont, PH = Paksi Homokos Talaj-
horizont, PD = Paksi Dupla Talajhorizont, PDK = Paks–Dunakömlődi Talajhorizont, PV1 = Paksi Vörös Talajhorizont 1, PV2 = Paksi Vörös Talajhorizont 2, PV3 =
Paksi Vörös Talajhorizont 3. Löszhorizontok: L1–L12 = löszhorizontok. Alhorizontok. Talajalhorizontok: H1 = Humuszos Alhorizont 1, H2 = Humuszos
Alhorizont 2, MF1 = Mendei Felső 1 Alhorizont, MF2 = Mendei Felső 2 Alhorizont, BD1 = Basaharci Dupla 1 Alhorizont, BD2 = Basaharci Dupla 2 Alhorizont,
MB1 = Mendei Bázis 1 Alhorizont, MB2 = Mendei Bázis 2 Alhorizont, PH1 = Paksi Homokos Talaj 1 Alhorizont, PH2 = Paksi Homokos Talaj 2 Alhorizont, PH3
= Paksi Homokos Talaj 3 Alhorizont,PD1 = Paksi Dupla 1 Alhorizont, PD2 = Paksi Dupla 2 Alhorizont. Löszalhorizontok: HL = Humuszos Talajhorizontot Tagoló
Lösz, MFL = Mendei Felső Talajhorizontot Tagoló Lösz, BDL = Basaharci Dupla Talajhorizontot Tagoló Lösz, BAL = Basaharci Alsó Talajhorizontot Tagoló
Lösz, MBL = Mendei Bázis Talajhorizontot Tagoló Lösz, PHL1 = Paksi Homokos Talajhorizontot Tagoló Lösz 1, PHL2 = Paksi Homokos Talajhorizontot Tagoló 

Lösz 2, PDL = Paksi Dupla Talajhorizontot Tagoló Lösz



Tengelic Red Clay Formation, 
Pliocene – Middle Pleistocene

At the Bátaapáti (Üveghuta) Site and its environs, the ter-
restrial basal complex, deposited on the basement below hill-
tops and slopes, is regarded as belonging to the Tengelic Red
Clay Formation. The latter has been deposited on Pannonian
sediments in the marginal regions of the Mórágy Block
(KOLOSZÁR et al. 2000; MARSI 2000). This classification is
justified by the facies and the conditions of formation similar
to that of the type sections (KOLOSZÁR, LANTOS 2001; MARSI

2000). The apparent sedimentation rate of the layers of the
formation is low. Calculated on the basis of the palaeomagnet-
ic data, about 1.5-2.0 m thick sediments came into being over
a period of 100 thousand years, probably in the course of not
continuous, recurrent sedimentation (LANTOS 2003). The
complex is composed of red clay, greyish-brown variegated
clay and reddish-brown palaeosol. Locally, the latter is unset-
tled while at other places it has a disturbed or destroyed sec-
tion. The main difference between the basement and foreland
facies of the formation derives from the basement and
Pannonian origin of the weathering products, which provide
the materials of its sediments.

In the central part of the Mórágy Block the footwall of
the formation consists mainly of the segments of the Mórágy
Granite Formation. The latter is decomposed to varying de-
grees, and at some places the Cretaceous volcanites have
been intruded into the granitoid rocks. In the footwall of the
formation in the marginal parts of the Mórágy Block
Pannonian sediments have been deposited.

At most places its cover is the Horizon L7 (or an even
older one) or some erosion product (slope sediment, slide–
slump formation) of the loess sequence, or a fluvial complex
substituting the loess formation. The subhorizons of Palaeo-
sol PD and Loess Horizon L8 may also substitute the layers
of the formation. Subordinately, on the higher valley sides or
in the environs of the valley heads, its cover may be a horizon
younger than L7, deluvial or proluvial–deluvial sediment
and possibly recent soil.

The Tengelic Red Clay Formation, deposited at the base
of the Pleistocene, is a palaesol, which has developed on the
top of the weathering crust of the granite. This was a result of
the long-term terrestrial weathering, predominant in the
area. It could also be a product that was re-deposited over a
short distance and resoilised in some cases. The characteris-
tic thickness of the basal complex in the boreholes — drilled
on the hilltops and valley sides in the environs of the
Bátaapáti (Üveghuta) Site — is some m altogether; it does
not reach 10 m generally. In general, the complex thickens
gradually towards the marginal parts of the hill area and is
thicker than 20 m in several boreholes.

Fluvial complex,
Lower–Middle Pleistocene

In Dug Well K4, between 16.1–17.5 m, a fluvial complex
has been situated. In the nearby lands, such as the Hegyhát
and the Völgység regions, as well as in the Szekszárd and

Geresd Hills a similar fluvial complex below the loess for-
mation has so far not been found (ÁDÁM 1964; KOLOSZÁR,
MARSI 1997). The formation is deposited on the granite with
erosion discordance and its cover is the Loess Horizon L7 on
the basis of the layer correlation. Compared to the surround-
ing sections, it substitutes the Lower Horizon of the Old
Loess Series and the lower part of the Horizon L7. Based on
this, its age may be put to the Early–Middle Pleistocene.

In the lower part of the formation poorly rounded sand of
granite origin with weathered clasts and unsorted pebbles
can be found in greater amounts. Upwards, it passes gradual-
ly into silt with slightly thin-bedded pebbles and coarse sand
seams. The silt derives probably from the resedimentation
of the loess, the gravel from the weathered granite.

Paks Loess Formation, 
Lower–Upper Pleistocene

In the hilltop area of the Mórágy Block, a nearly horizon-
tally deposited, well-dissected loess complex, cut off by
deep valley sides, came into being; it is thinner than that of
the Somogy–Tolna Hills but thickens towards the margins of
the hilly area and becomes complete even stratigraphically
(see below). It can be correlated with the Paks Loess
Formation (KOLOSZÁR et al. 2000; KOLOSZÁR, MARSI 2002). 

The footwall formation of the loess sequence is predomi-
nantly the Tengelic Red Clay Formation at the Bátaapáti
(Üveghuta) Site. In Dug Well K4, a fluvial complex was ex-
plored in the footwall of the formation. At most places, the
cover is composed of Holocene soil or the formations of var-
ied genetics of the areal and linear erosion as well as
slump–slide sediments.

The Paks Loess Formation consists of two main sedi-
ment types: loess and palaeosol layers; the cyclic alteration
of these within the sequence is the result of the climatic fluc-
tuations characteristic of the Pleistocene. In the glacial and
stadial phases of the Pleistocene quick sedimentation took
place; the loess varieties came into being in these periods. In
the interglacials and interstadials, the loess formation was
suspended or slowed down significantly and soilisation be-
came the main process of sedimentation. In general, the
boundary is not sharp between the main sediment types; fre-
quently, a more strongly-weathered transitional horizon —
gradually more and more argillaceous from the loess to-
wards the palaeosol layers — can be observed (MARSI

2000). In addition to the above, it is also characteristic of the
whole of the formation that the older loess horizons are gen-
erally more argillaceous and more weathered than the
younger ones within its section. Furthermore, the main
types of palaeosol alternate horizon by horizon: in the Old
Loess Series Mediterranean red soils have been deposited
below and brown woodland soils above; the Lower Horizon
of the Young Loess Series is dissected by wooded steppe-
like palaeosols, while the Upper Horizon by chernozem-like
palaeosols (Figure 2, MARSI 2000).

Within the whole sequence the loess horizons form rela-
tively thick and well-traceable stratigraphic horizons with
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mainly a simple build-up. In contrast, the palaeosol horizons
have a very diversified structure; sometimes they contain
thin loess strips and are frequently divided into two or possi-
bly three subhorizons with sections; these partly overlap
each other due to the renewed soilisation cycles. In the loess
sequence, locally the actual loess layers consist of varieties,
reworked on slopes and redeposited, or altered in structure;
these were also assigned into the loess horizons. To sum  up,
the typical and slope-loess varieties, developed from the
dust fall characteristic of the Pleistocene, as well as their var-
ious epigenic alteration products (created predominantly by
climatic effects), and the palaeosols and tundra sediments
are regarded as part of the loess formation. In most parts of
the Mórágy Block, 7 — at some places 8 — loess and 7
palaeosol horizons can be distinguished. Typically, the loess
sequence begins with the Palaeosol PD1 in the territory.
However, locally and towards the marginal area the Sub-
horizon PDL, Palaeosol PD2, and Loess Horizon L8 also
appear more and more frequently. If the subhorizons sepa-
rated during the field subdivision are also taken into ac-
count, the number of the palaeosols within the formation
reaches 15. This is in accordance with the geophysical data
(see below).

The characteristic thickness of the formation in the envi-
rons of the Site is 40-50 m, while in the foreland areas it is a
little bit greater, reaching 50-60 m. In the building up of the
formation, loess and palaeosol horizons took part and the
common thickness of its fossilised soils can be compared to
that of the typical loess layers. In other words, is the propor-
tion of the palaeosols within the complex is higher here than
in the more northern areas of SE Transdanubia.

Slump–slide complex, 
Upper Pleistocene – Holocene

In the research area and its surroundings the slump–
slide formations may substitute the fine-grained cover sedi-
ments, the Paks Loess Formation, the Tengelic Red Clay
Formation, as well as Quaternary valley and slope sedi-
ments. Their genesis is in close connection with the actual
landscape evolution and especially the valley formation. An
important new result in the investigation of the complex
(KOLOSZÁR et al. 2000) is that the Late Pleistocene age of a
larger slide section of the area could be proved by palynolog-
ical data. Based on the palynological investigation of
Borehole Üh–36A (see below), it could be exactly deter-
mined that in the vicinity of the borehole a slide took place
about 0.04 million years ago. Then, in the local depression
of the slumped, disturbed complex, paludal sedimentation
continued for about 0.01 million years and the products were
covered by slope sediments of loess material. As this slump
is of Late Pleistocene age, there is a possibility that there was
deposition of typical loess on the slumped sections of simi-
lar age, mainly the Horizon L1 of the Young Loess Series
and the Humic Soil Horizon. On this basis, it is practical to
regard the slide sediments as the substituting sediments of
the Paks Loess Formation.

Investigation and correlation 
of the Quaternary sediments

One of the most important elements in the investigation of
the cover sediments — among them the loess layers and
palaeosols — is the correlation of the stratigraphic units and
their areal observation. Basically, the field documentation
and the well logging give the most information for the layer
correlation. The basis of the correlation was formed by the
correlation of the field documentation units (KOLOSZÁR et al.
2000) and the geophysical units A1, A2, B, C1, C2, D, and E
(ZILAHI-SEBESS et al. 2000). These were established during
the interpretation of the well-log data. During the elaboration,
the data of the two methods were compared and complement-
ed with palaeontological and laboratory analytic results in
order to classify of the individual complexes and the horizons.

Subdivision based 
on well-logging data

The correlation as well as the revaluation on the basis of
the well-logging data were made possible by the fact that the
number of the boreholes suitable for being drawn into the in-
terpretation, increased significantly. As a result of this, most
of the hilltop-deep boreholes and some hilltop-shallow
boreholes were drawn into the correlation and four correla-
tion surfaces were observed, as opposed to the former single
surface (SZONGOTH et al. 2003, Figure 3). The interpretation
of the new boreholes was carried out by iteration method be-
cause in the upper sections of several boreholes the incom-
plete measurements could be evaluated only by multiple
correlation. In some cases (e.g. the upper horizons of Üh–36
and Üh–1), this correlation also includes strong subjectivity,
merely on a geophysical basis; thus these boundaries can be
drawn by means of geological information. When compar-
ing the previous and new measurements during the interpre-
tation of section Üh–3, it became clear that a new palaeosol
horizon, marked with 0, also has to be introduced in addition
to the Palaeosols –1 and –2. Later, this horizon was identi-
fied in several other boreholes, as well.

In the Pleistocene terrestrial sediments, and among them
mainly within the Paks Loess Formation — thus also in the
cover sediments of the Mórágy Block — the electric resistivi-
ty alternates cyclically as a function of the depth (ZILAHI-
SEBESS et al. 2000). These cycles resemble the regression cy-
cles as the electric resistivity increases upwards within the
given cycle here, as well. Taking into account that the loess
has an eolian origin, the upwards coarsening trend of the grain
composition — in the traditional sense — can be excluded,
unlike with the regression cycles. The basic cyclic changes in
the electric resistivity can be brought into connection with the
periods of formation of the thicker loesses (see above). The in-
crease upwards within the resistivity cycle is caused by the de-
crease in the specific surface of the examined sediments.
Nevertheless, the decrease in the specific surface may be gen-
erally caused by the increase in the lime content as well as the
decrease in the clay content and the water saturation. With re-
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gard to the change in the lime and clay content, the well-log-
ging data correlate well with the laboratory data. According to
the laboratory analyses, in most of the palaeosols of the re-
search area the clay content of the topsoil horizons (Horizon
a) is the highest; downwards from there, towards the transi-
tional soil and loess horizons and also the subsoil, the amount
of the clay decreases. The same tendency also holds true with
an opposite sign for the carbonate content; its local maximum
is most frequently in Horizon c of the palaeosols (MARSI

2000). Thus the resistivity cycles reflect essentially the main
climatic changes of the Pleistocene (see above). These peri-
ods may correspond to certain longer-term stadials or even a
whole glacial.

For the stratigraphic subdivision of the Pleistocene
loesses the identification of the fossilised soils is important.
In the geoelectric sections the soilised part always forms a
local minimum within the given resistivity period. In the
palaeosols the amount of the minerals containing magnetis-
able iron is greater than in the loess. They are rich mainly in
Fe3+ ion-bearing minerals. Thus they can be more strongly
magnetised than the other parts of the loess formation and
thus give a characteristic maximum on the magnetic suscep-
tibility curve.

The well-outlined local maxima of magnetic susceptibil-
ity appear just at the local minima of the resistivity curves.
Consequently, this measurement is especially suitable for
the exact detection of the fossilised soils. Since within an in-
terglacial or interstadial several soil formation cycles might
occur, the total number of the palaeosol levels — horizons
and subhorizons — is much greater than that of the main
loess-formation periods. In the research area, there are alto-
gether more than 15 palaeosols. The palaeosols that have de-
veloped within the same interglacial may practically deposit
on each other and form the lower part with lower electric re-
sistivity of the period on the electric resistivity curve. The
situation is made more complicated by the fact that
palaeosols may develop on each other even if the sequence is
not completely continuous due to either slump or hidden
erosion. Often, the layer disturbances may be indicated only
from the correlation between the boreholes.

The comparison with the geological sequences shows that
the topsoil of the palaeosol sections causes a positive magnet-
ic anomaly. In the subsoil of the palaeosols, however, the mag-
netisability of the lime accumulation horizons does not differ
significantly from that of the loess. Due to the above, the cor-
relation boundaries can be most precisely designated on the
geophysical sections between the sub- and topsoil of certain
palaeosols. Therefore, within the loess formation the borders
of the geophysical correlation units, which can be compared
with the geological data, run generally in the middle of the
palaeosols, on the boundary of Soil Horizons b and c. An ex-
ception is the uppermost unit (A1); its upper boundary is the
recent soil while its bottom corresponds to the bottom of
Horizon L2. The reason for this is that the most traceable geo-
physical boundary can be drawn between the Lower and
Upper Horizons of the Young Loess Series, between Horizon
L2 and Palaeosol MF. Thus in most cases the geophysical cor-

relation units do not form boundaries of climatic or sedimen-
tary cycles in a geological sense, given that they cannot fall
into the middle of a palaeosol.

According to the boreholes drilled in 2002, the pattern of
the well-log curves is characteristic even within the topsoil
of certain palaeosols in the case of undisturbed deposition.
The deviation from this pattern can also be used effectively
when recognising layer disturbances.

The natural gamma radiation level of palaeosols is rela-
tively higher than that of the loess horizons. However, the
palaeosols cannot always easily be distinguished from the
loess with lime concretions. The horizons with lime concre-
tions are separated from their environment by a negative
anomaly and thus the natural gamma method is a less effec-
tive tool for the subdivison of the palaeosols than magnetic
susceptibility.

Within a cycle the neutron porosity increases down-
wards. This is because — with the exception of A1 — the
upper sections of the fossilised soil horizons, belonging to a
given geophysical unit, are on the bottom of the cycle
(Horizons a, and b).

To sum up, the palaeosols are indicated mainly by the
high values of magnetic susceptibility, but the increase in
natural gamma radiation and neutron porosity as well as the
decrease in resistivity is also characteristic. These criteria
can be put to good use at places with no well-log data (pipe
or dry-drilled sections). By means of the above criteria, the
geophysical units A1, A2, B, C1, C2, D, and E — connected to
geological and stratigraphic units — were designated in
every borehole on the basis of electric resistivity logs. Out of
them, unit E falls predominantly not into the loess formation
but the Tengelic Red Clay Formation. On the basis of the
magnetic susceptibility measurements the palaeosols were
separated and marked by numbers.

Based on Figure 3, comparing the unevenness of the
granite top and the deposition of the covering complex, it
turned out that the footwall line of the whole complex is
more uneven than that of the overlying formations. It can be
seen that neither the palaeosols of Period C nor Palaeo-
horizon 14 follow exactly the trace of the footwall. This indi-
cates a certain degree of equalisation in the initial phase of
the formation of the cover sediments.

When comparing the two independent data bases, an im-
portant circumstance is that it is essentially geology which
separates the stratigraphic units, while geophysics charac-
terise the curve sections connected to the physical properties
of the formations; that is, the boundaries of the larger units of
geophysical and geological correlation do not necessarily co-
incide. In the process of comparing the data it was established
that there is a good correlation (traceable throughout all the
boreholes) between the results of the two methods  (Table 1)
with the exception of short sections of some boreholes.

Within certain correlation sections along the geophysi-
cal cycle A1, the difference between the geological bound-
aries (measured on the drill cores), and the geophysical
boundaries (determined during well logging) in different
boreholes was between 0.0–1.0 m (±0.5 m). It has to be
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added that a deviation of about 1.0 m occurred only in some
cases — the characteristic scattering was much lower.
Nevertheless, in the cases of cycles A2, B, C1, C2, D, E the
scattering was between 0.0–0.4 m (±0.2 m; Table 1). Taking
into account the precision of the well logging between
0.1–0.2 m (arising from the sonde lengths), as well as the
possible inaccuracies of the drilling technology, this level of
correlation can be regarded as very good. The differences
between the two correlations are random and they are within
the limits of the maximum accuracy of the two working
methods.

Mineralogical 
and geochemical investigation 
of the Quaternary sediments

During the new exploration it was mainly the X-ray dif-
fraction (XRD) and thermoanalysis (TA) methods that
were used again for the mineralogical–petrographic charac-
terisation of the cover sediments. The results of these have
been summarised by FÖLDVÁRI et al. (2003). The above
methods can be applied effectively for the investigation of
fine-grained rocks (clays) when the components can be de-
termined neither visually nor microscopically. Besides the
determination of the quantitative and qualitative composi-
tion, the instrumental examinations are also suitable for the
characterisation of the crystallinity with respect to the min-
erals.

The cover sediments are built up of the following miner-
al groups: clay minerals and sheet silicates (montmorillon-
ite, vermiculite, muscovite, illite, chlorite, kaolinite, and
clay minerals of mixed structure); clastic minerals (quartz,
plagioclase, potassium feldspar, amphibole); carbonates
(calcite, dolomite); iron oxides, hydroxides (goethite, haem-
atite); and gypsum and amorphous phase.
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Figure 3. Geophysical correlation of the cover sediments
Colours = sedimentological units identified on the basis of resistivity logs (A1–E), Arabic figures = fossil soil horizons identified on the basis of magnetic 

susceptibility logs. Well logs: green = natural gamma (0 in left), red = geoelectricity (0 the borehole axis), blue = magnetic susceptibility (0 on the borehole
axis). For the geological levels, see Figure 2

3. ábra. Fedőüledékek geofizikai korrelációja
Színek = az ellenállásgörbék alapján azonosított szedimentológiai egységek (A1–E), arab számok = mágneses szuszceptibilitás alapján azonosított fosszilis 

talajszintek. Mélyfúrás-geofizikai görbék: zöld = természetes gamma (0 a bal szélen), piros = geoelektromos ellenállás (0 a középvonalon), kék = mágneses
szuszceptibilitás (0 a középvonalon). Geological levels = földtani szintek (l. a 2. ábrán), sedimentological units = szedimentológiai egységek

Table 1. Comparison of the geophysical and geological horizons of 
the cover sediment complex below the hilltops



The mineralogical characterisation of the formations
was based on two important factors:

1) By analysing the differences in the mineral composi-
tion it was established that the same minerals occur in the
two main formations — only the proportions of their quanti-
ties are different (Table 2).

2) The differences in the crystallinity of the cover sedi-
ments refer to the epigenetic alterations of the original min-
erals of loess due mainly to climatic effects such as the de-
gree of weathering and soilisation.

Thus during the investigations efforts were made to fol-
low and quantify these changes — i.e. alterations in mineral-
ogy and crystallinity — by means of different parameters
that can be measured by instruments (FÖLDVÁRI et al. 2003).
The changes in the quantity of the minerals are significant
only in case of the carbonates and the montmorillonite; oth-
erwise they are suitable only for determining trends. Thus,
out of the quantitative data only those referring to the car-
bonates were used directly for characterising the horizons.
Out of the further investigated qualitative parameters, the
crystallinity of the calcite, illite, chlorite (as well as the mo-
lecular water and OH content reflecting the quantitative pro-
portions of the clay minerals), could be  used effectively
(FÖLDVÁRI et al. 2003).

On the basis of these data, several characters and pro-
cesses suitable for the characterisation and more exact sub-
division of the cover sediments were followed. One of the
most typical processes of the loess–palaesol transforma-
tion is the dissolution of the carbonates from the topsoil of
the palaesols. A similarly important character is that the
plagioclase content slightly decreases in the section along-
side the advance of the soilisation. The trends of the pla-
gioclase/clay mineral ratio refer to the fact that the relative
and absolute increase in the amount of the clay minerals
can be partly traced back to the weathering of plagioclase.
The next process of soilisation, worth mentioning, is the
gradual illitisation of muscovite as well as the decrease in
the total amount of both minerals. A similar but even more
remarkable phenomenon during the soilisation of the loess
layers is the decrease in the amount of chlorite that is ac-
companied by the increase in the X-ray diffraction half-
value width (Table 2 in FÖLDVÁRI et al. 2003). Out of the
clay minerals, the smectite (montmorillonite) minerals
play a characteristic role (Table 2). This is the only authi-
genic mineral in the system (with the exception of the re-
precipitated calcite as well as the gypsum, which is present
in traces). The individual formations are clearly separated
on the basis of the montmorillonite content. Due to its 20-
30% montmorillonite content, the Tengelic Red Clay
Formation is poorly permeable, at most. The processes in

the sections are also referred to by the difference between
the montmorillonites. In the near-surface young sedi-
ments, the Na–Ca replacing process of the water–rock in-
teraction has not taken place yet. The appearance of Mg in
the grid between the layers is an indication of a further
cation exchange process — i.e. when the layers were in
permanent contact with Mg-rich waters due for some par-
ticular reasons (e.g. coverage by ground water). The Mg
may derive from the dissolution of the Mg-bearing miner-
als (mainly dolomite) in the section. The appearance of pa-
lygorskite in the horizons with strongly weathered granite
can also be attributed to the flow of Mg-rich waters (FÖLD-
VÁRI et al. 2003).

For the mineralogical characterisation of the main forma-
tion groups of the cover sediments and comparison of their
weathering conditions from the chemical analyses, the CIA

index (Chemical Index of Alter-
ation, NESBITH, YOUNG 1982)
was used (Table 3). From the
data it is apparent that the
weathering increases gradually
towards the deeper palaeosols
in the sections.

On the basis of the molecu-
lar water and hydroxil content
— measured from the thermo-
analytical curves and charac-
teristic of the degree of clay

formation — a soilisation curve was constructed for the
borehole columns (Figure 4). This also reflects indirectly
the Pleistocene palaeoclimate. It can be seen on the curve
that the older loesses are generally more strongly weathered
than the younger ones; furthermore the soilisation of the
palaeosols, formed on the older loesses, is more intense than
that of the younger ones. Based on the latter, it is probable
that the older soilisation phases were warmer and richer in
precipitation on average than the younger ones.

On the basis of the data of the mineralogical and geo-
chemical investigations, there are layers, soilised to a degree
which is different from the areal average. These layers are in
the same stratigraphic horizons in some boreholes. In certain
sections (Boreholes Üh–23, Üh–25A and Üh–28 and Dug
Well K2), even the altered nature of the younger palaeosols is
already higher than is usual in the research area. This can only
be explained by a local secondary process (which can be
added to the alteration due to climatic effects) and by subse-
quent weathering. Partly similar reasons can be put forward
for the fact that the older loess layers frequently show slight
weathering phenomena; in other words, with respect to their
material from they seem essentially to be soils. The slightly
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Table 2. Average mineral composition of the loess and palaeosol horizons

Table 3. Change in the CIA
index in the sequence

CIA = 
100×Al2O3/(Al2O3+CaO+Na2O+K2O, 
where CaO only means CaO in
silicates



soilised layers, differing from the loess even in their colours,
are already regarded as the transitional horizon of palaeosols.

Based on the mineralogical and geochemical investiga-
tions, the following typical epigenic and post-diagenetic alter-
ation and transport processes can be recognised in the sections:

— Gradual dissolution of carbonates from topsoil hori-
zons is expressed in the calcite re-precipitating in the subsoil
or deeper horizons; the re-precipitation of dolomite was not
detected. A part of the dissolved Mg is built into the clay
minerals that replace Ca.

— Montmorillonitisation is a water–rock interaction
process that is accompanied by the replacement of Na by Ca.

Magnetostratigraphic investigation 
of the Quaternary sediments

Palaeomagnetic investigations were carried out on the
samples of four boreholes: in Borehole Üh–2 from the sur-
face to the granite; in Boreholes Üh–5, Üh–28A, and Üh–37
from the top of the Palaeosol PD1 to the bottom of the Ten-
gelic Red Clay Formation. The way of sampling, the elabo-
ration, and the measurement data have been presented by
LANTOS (1997, 2002, 2003).

During the previous magnetostratigraphic correlation,
the inclination sections of Boreholes Üh–2 and Üh–5 were
correlated with the palaeomagnetic section of Borehole
Udvari U–2A. This involved the exploration of a more
complete sequence on the Tolna Hegyhát Hills (MÁRTON

1998). The normal polarity interval of the Tengelic Red
Clay Formation penetrated in the two boreholes at Üveg-
huta, was identified with the section between 124–136 m
of Borehole U–2A. This is due to the fact that in this bore-
hole the Tengelic Red Clay Formation has a normal polari-
ty only in this section. According to the previous correla-
tion, the genesis of the layers of the formation took place
1.77–2.02 million years ago in the environs of the
Bátaapáti (Üveghuta) Site and this was followed by a near-
ly 1 million years hiatus (FÖLDVÁRI et al. 1999; KOLOSZÁR,

LANTOS 2001). On the basis of the exploration results of the
years 2002–2003, in the region of the Site the red clay may
be younger than in Borehole U–2A and even the hiatus dis-
appears.

All the studied sediments of Boreholes Üh–2 and
Üh–28A — just like the layers of Borehole Üh–5 above 50.2
m and Borehole Üh–37 above 52.9 m — have a normal po-
larity (Figure 5). These layers belong to the Brunhes chron,
which is also confirmed by the Mollusc fauna that have been
found in the area (KROLOPP 2003). The thin zones with re-
verse polarity, detected in Borehole Üh–2, are within the
Brunhes chron. Their small thickness indicates such short
time spans that the Matuyama can be totally excluded.

The age of the Brunhes–Matuyama boundary is, accord-
ing to BERGGREN et al. (1995), 0.78 million years; according
to SINGER et al. (2002) it is 0.79 million years. In the bore-
holes of the research area this boundary is below the Pa-
laeosol PD1 and thus it is in harmony with the other sections
in SE Transdanubia (KOLOSZÁR, LANTOS 2001).

Assuming continuous or nearly continuous sedimenta-
tion, the sections of Borehole Üh–5 below 50.2 m and
Borehole Üh–37 below 52.9 m with reverse polarity can be
identified with the youngest part of the Matuyama chron.
For the correlation of the two thin intervals with normal po-
larity on the bottom of the two boreholes, the polarity–time
scale, published by SINGER et al. (2002), was used. This in-
dicated that there are several short zones with normal polar-
ity at the top of the Matuyama chron (Figure 5). The section
with normal polarity at the bottom of the Tengelic Red Clay
Formation may correspond to the short normal polarity in-
terval, marked at 0.92 million years and named Santa Rosa.
It seems likely that the very short normal polarity interval at
0.89 million years does not appear in the sections at Üveg-
huta. These thin normal polarity sections cannot be found
in Borehole U–2A, presumably due to the lower frequency
of sampling.

According to the magnetostratigraphic correlation, the
Tengelic Red Clay Formation came into being in Borehole
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Figure 4. Weathering (palaeoclimate) curve of Borehole Üveghuta–22
4. ábra. Az Üveghuta–22 fúrás mállási görbéje



Üh–37 at the time of the Matuyama chron, and in
Borehole Üh–5 around the Brunhes–Matuyama bound-
ary. On the other hand, in Boreholes Üh–2 and Üh–28A it
occured in the Brunhes chron. This formation replaced the
oldest layers of the Paks Loess Formation (Figure 5).
Based on the magnetostratigraphic correlation and com-
plemented with new data, the formation of the oldest
cover sediments of Boreholes Üh–37 and Üh–5 can be put
to 0.94–0.92 million years. In other words, according to
these data of the Pleistocene basal complex explored at the
Site came into being in the Early–Middle Pleistocene.

Spherula investigation 
of the Quaternary sediments

During the ground-based geological exploration in
2002–2003 spherula investigations were carried out on the
samples of 3 dug wells and one borehole (Table 4). These in-
vestigations were carried out to support the stratigraphic
correlation of the Pleistocene sediments. Based on the in-
vestigation experiences, the microspherulae were assigned
into the following groups (DON 2003): I — Fe-bearing cos-
mic, II — volcanic, and III — Fe–Ni-bearing cosmic.
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Figure 5. Correlation of the Üveghuta boreholes with the polarity–time scale
Polarity–time scale after SINGER et al. (2002). Üh–28A = exploratory borehole and its code. Soil horizons and subhorizons: MF = Mende Upper Soil Horizon,
BD = Basaharc Double Soil Horizon, BA = Basaharc Lower Soil Horizon, MB = Mende Basal Soil Horizon, PH = Paks Sandy Soil Horizon, PD1 = Paks Double
Soil Horizon, Subhorizon 1, PD2 = Paks Double Soil Horizon, Subhorizon 2. Loess horizons and subhorizons: L1–L8 = loess horizons, PDL = Loess

dividing Paks Double Soil Horizon, T = Tengelic Red Clay Formation, 1 —  section of normal polarity, 2 —  section of reversed polarity

5. ábra. Üveghutai fúrások korrelációja a polaritás–idő skálával
Polaritás–idő skála SINGER et al. (2002) nyomán. Üh–28A = kutatófúrás jele és száma. Talajhorizontok és -alhorizontok: MF = Mendei Felső Talajhorizont, BD
= Basaharci Dupla Talajhorizont, BA = Basaharci Alsó Talajhorizont, MB = Mendei Bázis Talajhorizont, PH = Paksi Homokos Talajhorizont, PD1 = Paksi Dupla
1 Alhorizont, PD2 = Paksi Dupla 2 Alhorizont. Löszhorizontok és -alhorizontok: L1–L8, PDL = Paksi Dupla Talajhorizontot Tagoló Lösz, 

T = Tengelici Vörösagyag Formáció, 1 — normál polaritású szakasz, 2 — fordított polaritású szakasz



For geological correlation the following were used: the
distribution diagram and chemical composition of the mi-
crospherulae identified in the area. The field stratigraphic
horizons of the dug wells (GYALOG et al. 2003) were com-
pared to the numbers and types of the microspherulae found
in the individual sections, as well as to the position of the
tephra horizons (HORVÁTH 2001; HUM 2001; Figure 6).

In the course of the evaluation, the following details were
established:

1) In Loess Horizon L1, in the section of Dug Well K2
between 2.2–4.6 m, the Fe-bearing cosmic (I) spherulae
show an outstanding double peak. In the middle of the peri-
od (at 3.4 m), microspherulae of unambiguously cosmic ori-
gin and Fe–Ni composition (III) occurred. According to
PÉCSI (1995), the age of Horizon L1 does not exceed 0.016
million years. It is worth mentioning that DONG BI et al.
(1993) described Fe–Ni spherulae of similar age in Canada.

2) In Loess Horizon L2, in the cover of the Palaeosol
MF1, a microspherula of volcanic origin (II) was found at
10.8 m in Well K2. It may be in connection with the 35,000
years old Paks Tephra Horizon (HORVÁTH 2001).

3) In Dug Well K2 (12.8–13.2 m), the Palaeosol MF2 can
be characterised by a double spherula peak; in its upper part
the microspherulae of cosmic dust origin (I) predominate,
while in its lower part the Fe–Ni meteoritic spherulae (III)
appear. From the point of view of the correlation it is impor-
tant that in the upper part of the double palaeosol (MF1) mi-
crospherula enrichment of cosmic origin does not appear.

4) Loess Horizon L3 in Dug Well K2 (16.0–16.4 m) is
characterised by a microspherula dispersion of lower inten-
sity and cosmic origin.

5) In Soil Horizon BD in Dug Well K2 (between
18.4–19.4 m and 22.0–22.4 m) a double spherula maximum

appears, but only the spherula detected at 19.4 m in Well K2
at the boundary of the lower and upper subhorizon was
analysed. This has a Fe–Ni composition and may provide a
locally good marker horizon.

6) In Loess Horizon L5, in the spherula distribution of
Wells K2 (24.8–25.2 m) and K4 (1.2–2.8 m), a single as well
as a double peak appears (type I). At the same time no spher-
ula was found in Well K3 between L5–L6. This can probably
be explained by local washing.
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Table 4. Distribution of the samples, collected for spherula
investigation in the Üveghuta area

Figure 6. Spherulae distribution and tephra horizons of Dug Well K2
I — Fe cosmic spherules, II — Fe-silicate (volcanic) spherules, III — Fe-Ni cos-
mic spherules, Horizons. Soil horizons: RT = Recent Soil Horizon, BD =
Basaharc Double Soil Horizon, BA = Basaharc Lower Soil Horizon. Loess
horizons: L1–L6 = loess horizons. Subhorizons. Soil subhorizons: MF1 =
Mende Upper 1 Subhorizon, MF2 = Mende Upper 2 Subhorizon, MB1 =
Mende Basal 

1 Subhorizon, MB2 = Mende Basal 2 Subhorizon

6. ábra. A K2 ásott kút szferula-eloszlása és tefraszintjei
I — Fe-tartalmú kozmikus szferulák, II — Fe-szilikát vulkáni eredetű szferulák,
III — Fe–Ni tartalmú kozmikus szferulák, Horizontok. Talajhorizontok: RT=
Recens Talajhorizont, BD = Basaharci Dupla Talajhorizont, BA = Basaharci
Alsó Talajhorizont, Löszhorizontok: L1–L6 = löszhorizontok. Alhorizontok.
Talajalhorizontok: MF1 = Mendei Felső 1 Alhorizont, MF2 = Mendei Felső 2
Alhorizont, MB1 = Mendei Bázis 1 Alhorizont, MB2 = Mendei Bázis 2 

Alhorizont



7) In Palaeosol MB, microspherula enrichment occurs in
Dug Wells K2 (31.2–32.0 m) and K4 (4.8–5.6 m). In the
Palaeosol PH, both in the sections of Dug Wells K3
(14.0–15.6 m) and K4 (9.6–12.4 m) a triple peak appears. On
the basis of the analysis of the middle peak in the section K3
these are Fe–Ni spherulae of meteoritic origin that may form
a regional marker horizon.

8) In Loess Horizon L7, equally in Dug Wells K3 and K4
as well as Borehole Üh–37, a significant microspherula en-
richment was proved to exist. Mainly cosmic Fe-spherulae
(I) predominate; in Well K3, Ca, Al, Si and Mg also ap-
peared. Thus in L7 the common appearance of spherulae of
cosmic and volcanic origin can be expected. In this case, the
possibility of the global correlation with the Chinese and
Australian–Asian microtectite horizon (LI CHUN-LAI et al.
1993) cannot be excluded. The evidence was detected above
the Brunhes–Matuyama palaeomagnetic change (according
to BERGGREN et al. 1995, 0.78 million years).

On the basis of the spherula investigations carried out
during the ground-based exploration, local correlation was
detected between certain palaeosol and loess horizons; fur-
thermore, some of the stratigraphic horizons at Üveghuta
were correlated with the global spherula horizon, known in
Late and Middle Pleistocene sediments (DON 2003). As a
summary, it can be stated that the microspherula investiga-
tions in the Pleistocene loess series provide new correlation
possibilities and complement the correlation methods posi-
tively, based on the palaeosol and tephra horizons.

Palynological investigation 
of the Quaternary sediments

In the frame of the ground-based exploration, palyno-
logical investigations were carried out on the material of 10
boreholes and a dug well (NAGYNÉ BODOR 2003). In the
studied sections the palynological evaluation was made pos-
sible by the quantitative and qualitative changes in the cli-
matic index taxa and Sporomorphs. The latter were due to
temperature effects, temporary water influxes and human
intervention (DIGERFELDT 1972; WILLIS 1997).

The aim of the palynological investigations was first of all
the chronostratigraphic classification of the palaeoassocia-
tions, relying on the works of LANG (1994), ZÓLYOMI (1995)
and FRENZEL et al. (1992). On the basis of the evaluation, the
palynological materials encountered in the exploratory bore-
holes and the dug well belong to the Holocene, the Upper
Pleistocene, and probably the Middle Pleistocene.

The phase of the Holocene from the boreal (8000–9000
years) to the subatlantic (2500 years) was represented by the
section between 1.1–6.6 m of Borehole Üveghuta Üh–31C.

Out of the sequences belonging to the Upper Pleistocene,
the Rissian–Würmian section between 0.2–4.0 m of Borehole
Üh–29 and the Würmian2 section between 12.0–13.0 m of
Borehole Üh–36A were the best for evaluation. The sections
between 0.0–2.75 m of Borehole Üh–17, 3.8–5.3 m of Üh–19,
and 2.8–4.7 m of Mórágy Mó–7B could only be assigned into
the undivided Upper Pleistocene.

On the basis of the pollens, it is possible that the age of
the fluvial layers between 16.0–17.5 m of Dug Well K4 (see
above) is Middle Pleistocene.

Out of the results of the palynological investigations it was
mainly the data from Boreholes Üh–29 and Üh–36A as well
as Dug Well K4 which contributed to make the Quaternary
climatic conditions of the research area and the stratigraphic
classification of the cover sediments more precise.

Borehole Üh–29 was drilled in the Cserdűlő Valley, a
tributary of the Huta Valley, in a valley bottom position. The
Sporomorpha assemblage of the cover sediments of the
borehole confirms the fluvial origin of the sequence.

Between 2.6–4.0 m, the lesser clubmoss (Selaginella se-
laginoides) and the sporadically occurring woody vegetation
(Fraxinus, Tilia cordata, Alnus glutinosa) indicate a cool, con-
tinental climate, although the appearance of Tilia platyphyllos
(3.0 m) may already mark the beginning of warming up.

Subsequently (1.4–2.4 m), enriched forest vegetation
follows. This is composed almost completely (42%) of
large-leaved lime (Tilia platyphyllos), small-leaved lime (T.
cordata), and silver lime (T. tomentosa; Figure 7). During
the Rissian–Würmian, the forests consisted almost entirely
of lime trees at several places in Europe. Besides the pollens
of Tilia, those of oak (Quercus), maple (Acer tataricum),
and even pre-Quaternary Cenozoic wingnut (Pterocarya)
and Carya occurred. In the Pleistocene the mixed oak and
lime forests of such composition were characteristic of the
climate optimum of the interglacials. The warmth-loving
Azolla, already extinct in Hungary, signifies to the presence
of a shallow eutrophic slow-flowing river (MIHÁLTZNÉ

FARAGÓ 1982). Further on (0.2–1.0 m), the Tsuga canaden-
sis and Juniperus communis indicate cooling down and in-
tensification of the continental effect again, while the Pinus
and the sparseness of aquatic plants indicate decrease in the
amount of the precipitation.

Borehole Üh–36A was drilled in the slide area E of the
Site. The paludal sediment, penetrated between 12.0–13.3 m
in the borehole, was deposited in a protected position behind
a Quaternary slide.

Based on the subdivision of FRENZEL et al. (1992), the
deposition of the layers between 12.75–13.0 m can be put to
the time of the pleniglacial B and Würmian2. Here, the
Polygonum aviculare and P. viviparum indicate a drier, cool-
er climate, occasionally becoming a little bit wetter. The
temperature and the rainfall could not have been enough
even for the spontaneous distribution of Pinus silvestris.

Subsequently (12.75 m), due to a slow rise in tempera-
ture, Scabiosa and Polygala appeared and the Spirogyra and
Myriophyllum verticillatum were distributed in the aquatic
biotope. In the section between 12.0–12.5 m of the borehole,
even the woody vegetation, preferring wetter conditions (Al-
nus, Betula, Salix), occurred already but the representatives
of warmth-loving leafy trees were not yet present; this time-
interval could be the beginning of an interstadial (Dene-
kamp). Based on the above, the paludal sediment of the stud-
ied section came into being about 0.03–0.04 million years
ago.
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Dug Well K4 was drilled in a hillside position. On the
basis of the layer correlation, the sample characterises the
fluvial complex deposited in the footwall of the Loess Ho-
rizon L7. Here, after the palynological investigations, it is
probable that the fine-grained, well-bedded complex in the
footwall of the loess sequence is of Pleistocene age.

The association in the layers between 16.7–17.5 and
16.0–16.5 m indicates a cooler period, since the warmth-lov-
ing leafy trees are missing and besides the scattered conifer-
ous vegetation mugwort (Artemisia), goosefoot (Cheno-
podium), and saxifrage (Saxifraga) grew sporadically .

The appearance of Carpinus, Ilex, Hedera (16.5–16.7 m)
indicates that warming up had already started and a more bal-
anced climate was thus imminent. For the distribution of
Hedera, the temperature should not go down below –1.5 °C
even in the coolest month. Furthermore, the distribution of Ilex
occurs only in case of an annual temperature fluctuation lower
than 20 °C (JÁRAINÉ KOMLÓDI 1966). Therefore, it is  missing
from the present-day indigenous vegetation in Hungary. It is
probable that the essential conditions for its spontaneous dis-
tribution were provided only until the Middle Pleistocene. Due
to the scattered occurrence (single pieces) of the Sporo-
morphs, however, the layers of the borehole can be assigned
only conditionally to the Middle Pleistocene.

Malacological investigation 
of the Quaternary sediments

For malacological investigations, altogether 153 sam-
ples were collected at 40 cm depth intervals from the three
dug wells, drilled in the area (K2: 0.0–35.2, K3: 0.0–18.4,
K4: 10.0–17.6 m). Out of the 153 samples, 106 contained
malacological material which could be analysed. The inves-
tigated malacological material provided valuable informa-
tion from both faunistic–palaeoecological and stratigraphic
points of view (KROLOPP 2003).

The mollusc fauna of the samples is composed exclu-
sively of terrestrial gastropod species. In the material, 39
Pleistocene taxa could be recognised. Most of them are fre-
quent species, also known in loess formations in other terri-
tories of Hungary.

A faunistic curiosity is, however, that the species Vitri-
nobrachium breve could be first detected in Pleistocene for-
mations. Today, this gastropod occurs in SW Germany, S
Netherlands, and Switzerland in wet woodland habitats as
well as floodland forests.

Up until now the occurrence of the extinct Pupilla loessi-
ca in Hungarian Pleistocene sediments had been regarded
only as probable. However, at a depth interval between
8.8–9.2 m of Dug Well K2, this is a predominant species and
its specimens have been found in a great number.

The mollusc fauna of the samples proves terrestrial sedi-
mentation in every case. From the state of preservation of
the gastropod shells reworking from a significant distance
cannot be concluded.

On the basis of the occurrence of species with different
ecological demands and the change in the ratio of their spec-
imen numbers, diverse sections of the sequences which have
developed under warmer or cooler climatic conditions and
indicating a wetter or drier environment can be separated
(KROLOPP 2003).

The malacological material from the 3 dug wells at
Üveghuta proves that the sequence came into being not
evenly, there are gaps in it. These gaps are especially re-
markable in the loess sequence of Late Pleistocene age. The
malacological subdivision of this section is known suffi-
ciently in several localities; thus, it can be stated that out of
the described 9 malacostratigraphic units (SÜMEGI, KROLOPP

1995) only 2 zonules could be detected here.
In Dug Well K4, the analysable malacological material,

deriving from the greatest depth (15.6 m), was still of
Pleistocene age. Based on the fauna, the Loess Horizon L6
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Figure 7. Vegetation composition of Borehole
Üh–29 (2.4 m)

at the Rissian–Würmian climate optimum
7. ábra. Az Üh–29 fúrás (2,4 m) vegetáció-

összetétele a riss–würm klímaoptimuma idején



or L7 can be detected here, confirming the results of the pa-
lynological investigations.

An important stratigraphic result is that the index gas-
tropod Neostyriaca corynodes (KROLOPP 1994) can be
found in the samples from significant depth intervals (Well
K2: 20.4–35.2 m, Well K3: 1.6–2.8 m). This proves Middle
Pleistocene age (i.e. Mindelian, Mindelian–Rissian, and
Rissian stages of the Alpine subdivision). Based on the
shell-morphological characters of the specimens found
here, it can be stated that this part of the sediment series
came into being in the Rissian glacial and can be correlated
with the loess horizon. It is highly probable that it falls be-
tween the Mende Base (MB) and Basaharc Lower (BA)
palaeosols (HUM 2001). However, this stratigraphic sec-
tion represents the horizons between BA and L6 according
to the geological–geophysical correlation. On the basis of
the knowledge so far, the index species Neostyriaca coryn-
odes occurs neither in the loess sections in SE

Transdabubia, nor elsewhere below the Mende Base
palaeosol (KROLOPP 2003); thus, according to the layer
correlation, the first known occurrence of the species is
here, in horizon L6.

Summary, conclusions

The important geological result of the research on the
Quaternary sediments is the layer correlation — based on
the comparison of several thousand layers — that was car-
ried out by unifying geological, geophysical, and different
laboratory data (Figure 8).

A new result on the whole of the Quaternary sediments,
mainly the Tengelic Red Clay Formation and the Paks Loess
Formation, is the trend that weathering intensifies as a func-
tion of depth. The tendency of weatheredness within the sec-
tions is outlined well by the field sedimentological results
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Figure 8. Correlation of geological horizons and geophysical cycles between Boreholes Üh–37 and Üh–26A
Soil horizons: RT = Recent Soil, H = Humic Horizon, MF = Mende Upper Soil Horizon, BD = Basaharc Double Soil Horizon, BA = Basaharc Lower Soil
Horizon, MB = Mende Basal Soil Horizon, PH = Paks Sandy Soil Horizon, PD = Paks Double Soil Horizon. Loess horizons: L1–L8 = loess horizons. 

Older formations: T.V.F. = Tengelic Red Clay Formation, M.F. = Mórágy Granite Formation. A1, A2, B, C1, C2, D, E = well-logging correlation units

8. ábra. Földtani horizontok és geofizikai ciklusok párhuzamosítása az Üh–37 és Üh–26A fúrás között
Talajhorizontok: RT= Recens Talajhorizont, H = Humuszos Talajhorizont, MF = Mendei Felső Talajhorizont, BD = Basaharci Dupla Talajhorizont, BA =
Basaharci Alsó Talajhorizont, MB = Mendei Bázis Talajhorizont, PH = Paksi Homokos Talajhorizont, PD = Paksi Dupla Talajhorizont, 3. Löszhorizontok: L1–L8
= löszhorizontok; Idősebb képződmények: T.V.F. = Tengelici Vörösagyag Formáció, M.F.= Mórágyi Gránit Formáció. A1, A2, B, C1, C2, 

D, E = mélyfúrás–geofizikai korrelációs egységek



(MARSI 2000), the geophysical interpretations (SZONGOTH et
al. 2003), and the mineralogical–geochemical data (FÖLD-
VÁRIet al. 2003); these confirm each other’s results. By means
of the thermic and X-ray diffraction investigations, the
weathering and soilisation after sedimentation, as well as the
post-diagenetic alteration processes connected to epigenetic
changes, can be recognised.

With regard to the Tengelic Red Clay Formation, the
ground-based exploration in 2002–2003 threw a new light
upon the age and genesis of this typical basal formation in
the studied area. An important new result of the stratigraphic
and palaeomagnetic data is the extension of the age of the
formation to the lower part of the Middle Pleistocene (on the
evidence of the PD soil). Thus it partly replaces the bottom
of the Paks Loess Formation and represents its heteropic fa-
cies (see above). This interpretation makes it possible to
eliminate the approximately 1 million years hiatus. This was
previously assumed in the Quaternary evolution of the
Mórágy Block but it can hardly be proved by data (BALLA et
al. 2003).

The basal complex differs from the facies of the type
areas of the Tengelic Red Clay Formation in several as-

pects (KOVÁCS-PÁLFFY et al. 2003). Its clay content reaches
the value characteristic of the sequence of Borehole Udva-
ri–2A (drilled on the Tolna Hegyhát Hills), in only at few
places. Its carbonate content is also lower than that of the
variegated clay in Borehole U–2A. All these are the conse-
quences of the differing footwall formation (granite in-
stead of Pannonian complex).

The clay mineral spectrum of the formation and the clay
minerals of the weathered granite do not differ essentially
from each other. However, they do differ from those of the
loess-based palaeosols deposited in the cover (FÖLDVÁRI et al.
2003).

Based on its deposition, the fluvial complex can be as-
signed to the Lower–Middle Pleistocene; this is not exclud-
ed by the pollen and malacological investigations, either
(NAGYNÉ BODOR 2003; KROLOPP 2003).

The locally disturbed deposition and lacunar nature of the
Paks Loess Formation are also proved, besides the field char-
acters (KOLOSZÁR et al. 2000), by the geophysical subdivision
(Figure 5) and malacological data. This is reflected by the
lack of zonules which are present elsewhere in the young loess
(KROLOPP 2003).

Since the formation is widely known, it is possible to cor-
relate the typical facies in SE Transdabubia with the typical
section of the Chinese loess plateau and compare it with the
marine oxygen isotope scale (KUKLA, AN 1989; SHACKLETON

1990). It can be seen that there is a very good accord between
the two facies on the horizon level and this opens up opportu-
nities even for global correlation (Figure 9).

In connection with the investigation of the slump–slide
complex, an important stratigraphic result is that the Late
Pleistocene age of a larger slide section of the territory could
be proved by palynological data. Based on the palynological
investigation of Borehole Üh–36A, in the vicinity of the
borehole the slide took place about 0.04 million years ago.
Then, in the local depression of the slumped, disturbed com-
plex paludal sedimentation continued for about 0.01 million
years (NAGYNÉ BODOR 2003). The products of this sedimen-
tation were covered by slope sediments of loess material.
Since this slump is of Late Pleistocene age, it seems possible
that there was the deposition of typical loess on the slumped
sections of similar age. On this basis, it is practical to regard
the explored Late Pleistocene slide and paludal sediments as
the heteropic facies of the Paks Loess Formation.
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Figure 9. Correlation of the characteristic loess facies of the Mórágy
Block with the palaeomagnetic and marine oxygen isotope scale as 

well as the Chinese loess plateau
Section across the Mórágy Block (Üveghuta–22): for denomination of the
stratigraphical units, see Figure 2. Chinese loess: L1–11 = loess horizons, 

S0–S12 = soil horizons

9.ábra. A Mórágyi-rög jellemző löszkifejlődésének párhuzamosítása a
paleomágneses és tengeri oxigénizotóp-skálával és a kínai lösz

platóval
Mórágyi-rög (Üveghuta–22) szelvény: rétegtani egységek nevei a 2. ábrán; 

Kínai lösz: L1–11 = löszhorizontok, S0–S12 = talajhorizontok
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