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Diósberény-1A is a key geological borehole drilled in 1996 in the area of the Tolna Hegyhát hills. Even without completing the 
detailed laboratory analysis of the related samples, it provided new knowledge of the region’s stratigraphy. The Pannonian section of the 
borehole is the most complete Upper Pannonian sedimentary series of the surroundings. The preserved thin red clay of the Tengelic 
Formation is overlain by the oldest loess formations. Three development stages were distinguished within the approximately 60 m thick 
loess sequences — the Paks, Mende-Basaharc and Dunaújváros periods. A more complete correlation of the drilled fossil soil horizons 
allowed us to provide a more accurate picture of the post-Pannonian history of evolution of the area.

1. Introduction

This paper summarizes some geological results of the 
drilling carried out in early 1996 at Diósberény and repre
senting one of the most recent stages of the project aimed 
at investigating potential sites for the disposal of low and 
intermediate level radioactive waste.

The borehole (Figure 1) was sited on the object select
ed for detailed study and denoted 77 in the earlier phases 
of the investigations (C hikAn et al. 1995). It is one of the 
sites where further study was continued not only by profes
sional criteria but by the approval of the local population 
(the inhabitants of Diósberény in this particular case) as 
well. As a result of the field reconnaissance, on February 
23rd 1996 the borehole was sited in the outer area of Diós
berény, 1700 m to the north of the village in Hosszúhecser- 
balk, on the eastern side of the by-way. It was completed 
between March 19th and April 10th by Rotaqua Ltd. Its 
depth was 150.1 m. The overall core recovery approached 
the envisaged 95%, its real value amounting to 92% consid
ering the profile as a whole. 106 separate layers were docu
mented in the field description yielding the following gen
eralized section (Figure 2):
0.0-1.1 m Holocene: clayey loam, recent soil: dark- 

brown, developed on loess parent material, 
chernozem with relicts of forest soil. 

1.1-59.8 m Pleistocene: loess sequence; loess with fine 
sand with in situ and reworked soil horizons. 
An eolian fluvio-eolian interbed interca
lates between 25.8- 29.4 m. Occasionally, it 
is subdivided by slope deposits. The typical 
levels of the Dunaújváros, Mende-Basaharc 
and Paks loess sequences can clearly be dis
tinguished.

59.8-63.4 m Pliocene — Lower Pleistocene: terrestrial 
variegated clay covered by red fossil soil. 

63.4-150.1 m Upper Pannonian (Miocene): The entire 
Pannonian section pertains to the Tihany
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Formation. It can be subdivided in the fol
lowing units:
between 63.4-70.8 m alternation of clay



and clay marl with bands of dolomite and 
fine- to medium-grained sand; 
between 70.8-80.9 m fine- to medium
grained sand getting silty in its lower part; 
between 80.9-89.5 m clay and clay marl 
with intercalations of dolomite, dolomitic 
marl, fine sand and sandstone; 
between 89.5-116.6 m alternation of clay, 
clay marl and sand benches with bands and 
stripes of organic matter and silt; 
between 116.6-150.1 m alternation of silt- 
banded and fine- to coarse-grained sand 
benches with intercalations of lignite and silt.

Detailed processing of the borehole and its sampling 
were performed by L. Koloszár and Gy. Don, respective
ly. Á. Jámbor was responsible for the quality control of the 
drilling.

2. Formations cut by the borehole

The lack of the results of sedimentological, paleonto
logical and stratigraphic analyses imposed certain con
straints on the accuracy of the identification of the forma
tions recovered by the drilling, their proper stratigraphic 
assignment and correlation with other sites. We relied thus 
first of all on field description of drill cores, their docu
mentation, the ideas of some of our colleagues (JAmbor 
1997; Tôth-Makk et ai 1996), the data yielded by the pre
liminary field study (C hikAn et al. 1995, 1996) and the 
results of geophysical well logging (Kasza et al. 1996).

2.7. Upper Pannonian (Miocene) formations.
The Tihany Formation

The oldest formation cut by the borehole is assigned to 
the Tihany Formation (Figure 2, 6). Based on a visual clas
sification, the Pannonian section of the borehole was sub
divided in five units. The two lowermost of them (between 
89.5-150.1 m) belong to shallow marine delta facies divid
ed by paludal cycles which include bands of organic mat
ter. The section above, up until 63.4 m is made up of the 
alternation of a strongly thin-bedded sequence comprising 
bands of dolomite along with dolomitic marl representing 
dry periods, and sands of delta facies devoid of carbonifi
cation — the signature of paludal cycles.
I. Between ! 16.6-150.1 m fine- and medium-grained sand 

benches bearing silty bands alternate with lignite and 
silty interbeds (Figure 2, 6e). The lowermost part of this 
section features some meters thick benches of silt, 
clayey silt and fine sand. Above, thick, bench-like fine- 
and medium-grained sands with a lignite seam were 
recovered. The uppermost part comprises again finer 
grained constituents represented by the alternation of 
clayey silt, silty clay with sand bands and fine sand. 
Around the bottom of the borehole a vivid gray, thin- 
bedded, strongly compacted bench-like formation was 
recovered. Bedding planes are extremely rich in mica 
while beds are slightly or medium-calcareous. No striae 
which would indicate block movements have been 
observed on bedding planes.
Above, between 131.8-140.6 m lies the thickest sand 
bench cut by the borehole having very high permeabili
ty. It is built up of green fine- and medium-grained sand 
featuring a coarsening upwards grain-size pattern. Its
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Qh recent soil (1)

loess, loess with fine-grained sand 
and paleosoil horizons (2a)

1.1 -15.0 m Dunaújváros Loess (2)

standard loess (3a)

fluvioeolian and blown sand (3b) 
fine-grained sandy loess (3c)

paleosoil horizons with clayey loess (3d)

standard loess (3e)

15.1- 53.2 m Mende-Basaharc Loess (3) 
paleosoil horizons with clayey loess (4a)
53.2- 59.8 m Paks Loess (4)
59.8-63.4 m Tengelic Formation (mottled clay) (5)

clay, clayey marl with dolom ite horizons (6a)

fine to  medium-grained sand (6b)

clay, clayey marl with dolom ite horizons 
and fine-grained sand intercalations (6c)

clayey marl, clay with organic horizons, 
alternation o f fine-grained sand and 
silty fine-grained sand (6d)

fine to medium-grained sand with silt 
intercalations and lignite (6e)

63.4-150.1 m Tihany Formation (6)
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I — recens talaj', 2  — dunaújvárosi lösz-összlet: 2 a  — lö s z ,  f i n o m h o m o k o s  
lö s z ,  f o s s z i l i s  ta la j z ó n á k k a l ;  3  — mende-basaharci lösz-összlet: 3 a  — t íp u s o s  
lö s z ,  3 b  — fu tó - ,  f lu v i o e o l i k u s  é s  f o ly ó v íz i  h o m o k ,  3 c  — f in o m h o m o k o s  
lö s z ,  3 d  — a g y a g o s  lö s s z e l  t a g o l t  f o s s z i l i s  ta la j z ó n á k ,  3 e  — t í p u s o s  lö s z ;  4  
— paksi lösz-összlet: 4 a  — a g y a g o s  lö s s z e l  t a g o l t  f o s s z i l i s  t a l a j z ó n á k ;  5 — 
Tengelici Formáció ( t a r k a a g y a g ) ;  6 — Tihanyi Formáció: 6 a  — a g y a g , a g y a g - 
m á r g a  v á l t a k o z á s a  d o lo m i t -  é s  f i n o m - k ö z é p s z e m c s é s  h o m o k c s ík o k k a l ,  
6 b  — f in o m - k ö z é p s z e m c s é s  h o m o k ,  6 c  — a g y a g , a g y a g m á r g a  d o lo m i t c 
s ík o k k a l ,  f i n o m h o m o k  b e te le p ü lé s e k k e l ,  6 d  — a g y a g m á rg a ,  s z e r v e s  c s ík o s  
a g y a g  é s  f i n o m h o m o k ,  k ő z e t l i s z t e s  f i n o m h o m o k  v á l t a k o z á s a ,  
6 e  — f in o m - k ö z é p s z e m c s é s  h o m o k  k ő z e t l i s z t - b e te le p ü lé s e k k e l  é s  l ig n it te l

lower 80 cm contains slightly darkened, very rusty silt 
constituting bands and stripes, whereas its upper 60 cm 
is a rusty, slightly compacted formation including brown 
patches. Rusty stripes and bands are surrounded by 
finer constituents rich in mica. The sand is made up of 
medium-rounded, well-sorted components, comprising 
mainly fully transparent quartz.
A very sandy lignite seam can be traced in the lower 
part of the sequence overlying the sand. Its lower 25 cm 
section can be classified as compact sandy, clayey lig
nite, bearing coal bands. Its upper 20 cm is black, well- 
carbonized, earthy, wood-bearing brown coal with 
brown patches.



The section above 130.8 m is quite similar to the silty 
version encountered at the bottom of the borehole, but 
it is yellowish-brown, pale-yellow with occasionally 
dense occurrences of rusty stripes and bands.

2. Between 89.5-116.6 m the section is built up of the alter
nation of clay, clay marl and sand benches with silty 
stripes and bands of organic matter (Figure 2, 6d). This 
25 m thick section is characterized by distinct thin-bed
ding and bench-like patterns. Apparently, it is composed 
of alternating thicker clay, clay marl and thinner fine sand 
benches. Layers including finer constituents are vivid- 
gray, grayish-brown bearing bands of organic matter. 
Sometimes they break with a crack but have a characteris
tic slippery touch, but in other places they are friable. 
Sand sections incorporate brown, yellowish-brown, 
occasionally grayish-brown, loose, thin, slightly cement
ed silty intercalations. The sand is medium-sorted and 
well-rounded mostly comprising quartz. The dip of the 
layers is 3-5°. Some iron and manganese colored precip
itates locally form thin veins. Iron precipitates form hol
low, elongated structures.

3. Between 80.9-89.5 in well-stratified, thin-bedded clay 
marl and clay alternate with intercalations of dolomite, 
dolomitic marl, sand and sandstone (Figure 2, 6c).
Gray clay, yellowish-gray and gray clay marl and yellow
ish-gray silt with fine sand alternate in this profile. It is 
divided by thin sandstone and dolomite bands, as well 
as interbeds of fine sand. This frequent change in lithol
ogy and grain-size pattern brings about micro-stratifica
tion and thin-bedding. Thin beds are 0.5-2.0 cm: thick. 
A micro-stratification pattern is prominent even within 
these segments. The sand fraction exhibits a tendency to 
increase upwards in the sequence. The color and bed
ding planes of some more distinct layers indicate a dip 
of 9-10°. Drill cores suggest that this dip can be attrib
uted to the virtually oblique bedding pattern instead of 
some structural dislocations.

4. Between 70.8-80.9 m thin-bedded, bench-like fine- and 
medium-grained sand occurs with a silty portion in its 
upper part (Figure 2, 6b).
In its lower part a thick, lime compacted, medium- 
cemented calcareous sand bench is present uncon- 
formably overlying the lower sequence. Above, yellow
ish-green, well-sorted, well-rounded and intermediately 
or highly micaceous fine- and medium-grained sand 
occurs free of silt. The grain size gradually decreases 
upwards the profile and the medium- and fine-grained 
sand passes into fine sand. It presents parallel or slightly 
bent micro-stratification, becoming progressively poorer 
in mica (muscovite) up the profile. Micro-stratification 
is brought about first of all by enrichment in mica and 
the change in grain size. Micro-layers thin out, frequent
ly characterized by a limonitic tint. The well-sorted for
mation contains only a very few mafic components.

5. Between 63.4-70.8 in the sequence made up of the alter
nation of well-sorted, thin-bedded clay and clay marl is 
divided by stripes of dolomite, as well as fine- and medi
um-grained sand (Figure 2, 6a).
Most of the claymarl beds are yellowish-gray with 
limonite bands and dispersed manganese. Limonite 
accumulates along 1-3 mm thick horizontal, parallel 
micro-layers. Limonite-bearing and limonite-free sequ
ences show equal grain-size distribution pattern. 
Manganese tints result from dispersed and dendritic 
forms. Joints and fractures occur along parallel planes

or in conchoidal form. When treated with dilute 
hydrochloric acid it reacts at different rate, presumably 
as a function of dolomite content. The predominantly 
compacted layers reflect a variable rate of cementation 
containing some cm thick slightly cemented bands. Clay 
and claymarl layers with sharp boundaries include spo
radic stem remnants of plants strongly affected by 
limonite, and disintegrating limonite nodules. Green 
and gray-tinted sand rich, silty horizons including 
strongly micaceous nests occur as intercalations in the 
clayey beds.

2.2. Pliocene — Lower Pleistocene formations.
The Tengelic Formation

The section of the profile between 59.8-63.4 m is 
made up of Tengelic Formation capped by red fossil soil 
(Figure 2, 5). Starting from the bottom upwards the lower 
part of the profile is built up of a loosened, weathered, 
slightly reworked sequence of clayey composition being 
the product of denudation of the underlying sequence. It is 
autocthonously capped by a zoned soil in the sequence.

The variegated clay is a disturbed, slightly silty, eluvial- 
deluvial formation. It is poor in mica and includes a few, 
on average 2-4 cm, calcareous nodules which react strongly 
to acid, surrounded by calcareous mud. Numerous tiny iron 
and manganese spots are present all-over the sequence.

Clay is also the predominant fraction of the fossil soil. 
The topsoil is represented by red clay including a few dark- 
gray angular fragments of humus-bearing granules. It can 
be suggested that the humus of the granules was complete
ly mineralized, nevertheless their outward appearance pre
served the structural characteristics of mull-related humus. 
A few tiny quartz granules and mica plates can also be dis
tinguished in the soil profile. The lower 30 cm of the hori
zon A has a stronger red tint than the upper part. It shows 
tiny manganese spots and a few fragments of poorly round
ed nodules. Their surface is tinted by red clay. The cemen
tation level comprises reddish and variegated clay with cal
careous nodules. Its lime content increases gradually down 
the profile. It is disturbed by variegated calcareous veins 
and lenses bearing some (2-3 mm) black bean ores.

2.3. Pleistocene sediments

Above 59.8 m, the Pliocene-Pleistocene variegated 
clay is overlain by a 60 m thick series associated with loess 
accumulation. It is mostly of Pleistocene age, and only its 
overlying soil layer can be considered as Holocene. The 
subdivision and age classification of the loess sequence is 
presented following Jámbor (1997).

2.3.1. The Paks loess sequence

The Paks loess sequence occurs between 53.2-59.8 m. 
It is composed of an in situ development and reworked soil 
horizons with intercalations of slope deposits (Figure 2, 4).

The more than 6 m thick sequence includes four sepa
rate soil horizons and two thin soil-free layers. The 
sequence starts with a yellow, disturbed, unstratified delu
vium of clayey silt enclosing manganese spots, redeposited 
shreds of red clay and reworked calcareous nodules of 
varying size. It is covered by a continuous, brownish-red 
zone which contains three fossil forest soil profiles.

The profile of the lower soil is partly destroyed, as its



leached zone is missing. Above a well developed and pre
served fossil soil occurs with a complete profile. Its horizon 
A is dark-red, adhesive, strap-like, unstratified, plastic, 
slightly patchy with bright cutting surface and comprises 
manganese spots. It is free of precipitates and nodules and 
it reacts weakly to acid. It has a nut-like surface break. The 
horizon B is red, paling downwards including calcareous 
veins all along the profile and made up of clay with vari
ably cemented, irregular boulders and precipitates. It has a 
nut-like surface break. The calcareous bench making up 
the horizon C of the soil profile is yellowish-brown, unstrat
ified and well-cemented. It is patchy and includes occa
sionally red-variegated lenses and shreds filled with clay.

The soil is overlain by reworked loess with red clay. 
Red, unstratified clayey silt is present in its lower half pass
ing gradually into yellowish-brown, with variegated tints 
and a disturbed stratification pattern. The clay ratio and 
plasticity tend to decrease up the profile. Throughout this 
sequence the presence of calcareous veins, flakes and pre
cipitates in pores and along cavities of root systems as well 
as a few manganese spots is prominent.

The upper part of the section holds a more than 1 m 
thick typical loess horizon and slope debris incorporating 
some products of denudation of a fossil forest soil.

2.3.2. The Mende-Basaharc loess sequence

The depth interval between 15:0-53.2 m recovered 
material from the formations of the Mende-Basaharc loess 
sequence (Figure 2, 3). It is subdivided in the following 
four units:
1. Between 39.8-53.2 m loess, and clayey loess occurs. 

They are represented by yellow, poorly micaceous, 
essentially unstratified slightly clayey silts bearing a mul
titude of tiny rusty and manganese spots. Some 3-4 
darker, brownish-yellow, extremely plastic, 2-3 cm thick 
silty clay stripes free of spots occur as intercalations in 
the thick sequence. Very rarely, characteristically 2-6 
cm rounded, medium-cemented calcareous nodules of 
irregular shape can also be observed. Between 48.5-49.0 
m a more clayey, plastic layer is present. A restricted 
amount of fine sand appears in the upper 4-5 m of the 
series. Apart from nodules, thin calcareous veins and 
flakes, and very rarely, a few, 10-20 cm, rounded loess 
nodules occur as well. The grain-size pattern of the for
mation exhibits a coarsening-upwards tendency.

2. Between 32.7-39.8 m in situ and reworked soil horizons 
can be identified divided by loess and slope deposits. 
This series affected by soil formation shows five soil pro
files. Four of them are brownish-red fossil forest soils 
made up of loamy clay, one of them featuring a destroy
ed profile. The fifth one is a pale grayish-brown, dis
turbed, thin-bedded'redeposited soil. The zone starts 
with a soil featuring a complete profile followed by a 
130 cm thick, disturbed clayey loess rich in angular cal
careous nodules. The remaining four soil profiles are 
directly superimposed one above the other. They were 
distinguished upon soil- and rock-genetic signatures.
The horizon A of the forest soils of the sequence is gray
ish-brown, then red-brown, extremely plastic. When bro
ken it features a friable, unstratified structure. It is made 
up of silty clay. Fractures filled by lime have a pale 
brownish-yellow tint. Tiny manganese spots are present 
all along the section. Their horizon B has a slightly paler 
tint than the A one. They are built up of red-brown, vari

egated, strongly calcareous, unstratified, plastic clay get
ting lighter downwards the profile. Their broken surface 
reveals a friable structure and a tiny porous tube system. 
It includes pale calcareous veins, loosely bound calcare
ous lenses disintegrating into fragments and pieces, as 
well as easily breaking nodules. In their lower part an 
approximately 15 cm thick, variably cemented, porous, 
pale and dirty yellow small calcareous bench is devel
oped rich in lime mud.

3. Between 25.8-32.7 m the profile starts with a more than 
3 m thick silt of uncertain origin with fine sand. It is yel
low and grayish-yellow with gray patches. In its lower
most part it holds a few calcareous veins replaced by 
rusty veins and spots upwards with a simultaneous 
increase in rusty patches. Sporadically, a few, tiny cal
careous nodules, as well as Planorbis sp. occur as well. 
Particularly the upper part of the section resembles flu
vial flood laid deposits. In the absence of results from 
sedimentological tests, it is impossible to decide wheth
er we are facing an epigenetically transformed loess 
sequence or fluvial flood plain deposits.
In the range of depth between 25.8-29.4-m eolian, as 
well as fluvial and fluvio-eolian sands occur. They repre
sent the unique thicker sand bed of the related Quater
nary sequence. Its lower section is yellow, pale brown
ish-yellow, unstratified, medium-sorted, well-rounded, 
poorly micaceous fine- and medium-grained sand. It is 
distinctively homogenous, free of precipitates and nod
ules but bearing tiny fragments of calcareous shells and 
quartz granules with rounded, bright surfaces. Above, 
the profile is made up of yellow, occasionally gray band
ed, thin-bedded, poorly micaceous fluvial silty fine sand 
composed of bands of thicker fine and thinner silty fine 
sand. It is devoid of precipitates and nodules. In its top
most part an almost 1 m thick, pale-yellow, poorly mica
ceous, medium-sorted, well-rounded fluvio-eolian fine 
sand was recorded, including a few medium-size grains. 
Quartz prevails in this section of the profile, but a few 
mafic components are also present.

4. Between 15.0-25.8 m we find the closing unit of the 
Mende-Basaharc loess sequence. It comprises a more 
than 10 m thick homogenous, pale-yellow, unstratified 
typical loess substantially looser than the loess series in 
the lower part of the profile.

2.3.3. The Dunaújváros loess sequence

Between 1.1-15.0 m the borehole cut the youngest 
Pleistocene series represented by the Dunaújváros loess 
sequence. It is built up of loess and loess with fine sand 
with interbedded in situ and redeposited soil horizons.

A fossil soil zone occurs between 11.9-15.0 m. Its over- 
lying series produced the largest core loss recorded 
throughout the borehole amounting almost to 4 m. 
Nevertheless, the recovered core was still sufficient for 
describing this loess sequence. Alternating thinner silty, 
and thicker sandy beds can be observed. They are yellow, 
poorly micaceous. Occasionally, they are enriched in 
strongly calcareous loess nodules arranged in layers. The 
formation is uniformly yellow, and undisturbed, incorpo
rating sporadic cavities of root systems and calcareous 
veins. Calcareous nodules are 10 cm large or larger, irregu
larly shaped, pale brownish-yellow, hard and recrystallized. 
The formation is porous and includes tiny micro-tubes. It 
reacts strongly to acid.



A twofold soil horizon occurs between 11.9-15.0 m in 
the sequence. The lower one is represented by chernozem 
brown forest soil featuring a well-developed section. Its 
horizon A is dark brownish-gray, humus-rich, friable clayey 
loam with a well-pronounced structure and nut-like surface 
break. It is unstratified, free of precipitates and nodules. 
The horizon B is grayish-brown in its upper part getting cof
fee-colored downwards. It is a strongly compacted clayey 
loam holding occasionally calcareous nodules and lenses. 
It is also unstratified. Calcareous nodules are some cm in 
size, featuring an irregular surface and they are prone to 
breaking apart easily. They are surrounded by a light-yel
low calcareous core. The upper part of the horizon bears 
reworked soil represented by dark, brownish-gray, brown, 
exfoliated clayey loam with variable humus content and 
well-developed thin-bedding. It was developed through 
simultaneous soil erosion and loess formation..

2.4. The Holocene soil cover

Between 0.0-1.1 m the profile is ends with recent soils 
made up of clayey loam (Figure 2, 1). It might be regarded 
as dark brownish-gray chernozem  soil formed on loess 
with forest-type relicts. Its upper 50 cm represents the hori
zon A. It is uniformly rich in humus, features well-devel
oped structure and nut-like surface break. The first micas 
already appear in them on the surface. Its horizon B can be 
traced between 0.6-1.1 m with a progressive downward 
decreasing tendency in humus content. Its color turns 
gradually from brownish-gray into dirty-yellow. The lower 
10 cm section is free of precipitates but it bears calcareous 
veins and flakes.

3. Sampling and tests

Core sampling had to demonstrate the feasibility of the 
necessary tests envisaged in the next phase of the project. 
Consequently, we followed the guidelines defined for the 
sampling procedure (C hikân 1995). The borehole was 
designed as a geological key borehole with the related set 
of laboratory analyses. Borehole samples are subjected to 
analysis of grain-size distribution, carbonate content, 
micro-mineralogical features, chemical composition, trace 
element content, as well as to thermic, X-ray, paleontologi
cal (malacological) and geochemical tests.

During the drilling process complex geophysical logging 
was performed in two stages (from the surface to 36.6 m 
and from 36.6 m to the bottom; K a sza  et al. 1996). 
Results of the logging show a good correlation with the 
geological record of the documentation.

Each of the three fossil soil zones can be identified on 
geophysical logs. The composition of different soil types 
cut by the borehole (the grain size of the parent material) 
shows similar trends. According to our observations resis
tivity and density exhibit a uniform tendency of decrease 
and increase upwards within the specific soil horizons, in 
compliance with the increase in the ratio of the clay frac
tion and the decrease of pore volume. The curves of mag
netic susceptibility shows inverse characteristics as com
pared to resistivity. The geophysical log indicates a fossil 
soil horizon between 9-10 m that is missing from the geo
logical record. Given the high ratio of core loss in this par
ticular section, the geophysical results suggest the pres
ence of a thinner buried soil having similar characteristics

to the interval 12-14 m. Fossil forest soils have the pecu
liar feature that the clayey, loamy horizons A and the upper 
part of the horizons B comparatively rich in clay fraction 
and redeposited soil layers show low resistivity. Porosity 
decreases down the profile, while the impermeable frac
tion and magnetic susceptibility display a positive anom
aly. Resistivity of the lower part of the horizon B of the for
est soils rich in nodules, as well as cemented calcareous 
benches rises gradually with the simultaneous decline in 
the ratio of the impermeable fraction and increase in 
porosity. Enrichment in calcareous nodules and calcare
ous benches can be identified upon the sudden variations 
in micro-resistivity.

The variegated clay between 60.5-63.4 m and the 
derived overlying fossil soil (red clay) cannot be separated 
by geophysical parameters. Instead of reflecting the prop
erties of the above soil profiles, porosity varies erratically 
indicating disturbed characteristics.

The Q uaternary sequence of the borehole includes 
three almost 10 m thick loess sequence. The geophysical 
image of the two upper ones (one of them immediately 
under the topsoil, the other, so-called younger loess under
lying the first fossil soil layer) is quite identical, whereas 
the older sequence between 40-53 m bears fairly different 
signatures. Younger loess sequences are described by com
paratively higher resistivity, nearly constant (between 
25-30%) porosity and ratio of impermeable beds. Density 
has a slight tendency of increase downwards within the 
two young loess sequences, whereas the porosity and mag
netic susceptibility of the bottom one is slightly lower than 
that of the upper one. Older loess features a somewhat 
lower resistivity with a further progressive decrease down
wards. The ratio of impermeable fraction increases from 
40% to above 50% and the slightly decreasing porosity is 
accompanied by the increase in resistivity.

Based on geophysical parameters the Quaternary- 
Pannonian boundary was defined at 62.6 m (K asza  et al. 
1996). The first dolomite band that can virtually be con
sidered as Pannonian is recorded at 63 m (micro-resistivity 
and density anomaly) identified in the core at 63.4 m. 
Dolomite or dolomitic interbeds can be identified distinc
tively also further downward the Pannonian record. The 
lignite seam under 130 m is also prominent giving rise to 
anomalies in terms of most of the geophysical parameters. 
Geophysical results show an excellent correlation with the 
geological documentation all along the Pannonian section 
of the borehole.

Cores have also been subjected to paleomagnetic mea
surements. On the basis of data by P. M árton  (Eötvös 
Loránd University, Faculty of Geophysics) the B ru nh es- 
M atuyama boundary can be traced between 37.8-38.9 m 
in the borehole record.

4. Geological history

The nearly 90 m thick Pannonian sequence lacked any 
useful fauna for age determination. M üller P. identified 
Prosodacna sp. and Viviparus (?) sp. at 88.6 m and 130.0 m, 
respectively. It has not made any changes in the age classi
fication and facies interpretation of Upper Pannonian sed
iments occurring in the area that was made on the basis of 
lignite exploratory boreholes drilled in the late 1970s 
(K orpás-H ódi 1978, D ukán 1978a-c).

The data available are insufficient for specifying which



part of the Tihany Formation the exploratory borehole 
recovered. The intensity of erosion and the structural set
ting in the post-Pannonian period has not yet been clari
fied either. Some clues to these issues can be provided by 
the approximately NN W -SSE striking Diósberény 3. 
hydrogeological profile between the villages Regöly and 
Kalaznó compiled for modeling hydrodynamic and trans
port processes. During the preparation of its geological 
setting (K oloszár  and M arsi 1997) we took into account 
the interpretation performed by our colleagues (T ó th - 
MAKKera/. 1996).

The Pannonian sequence of the deep wells at Regöly 
specified in the profile is closed by a shallow water delta 
facies divided by lignite bands. In the exploratory borehole 
D b-IA , above the sequence bearing lignite bands and 
stripes of organic matter, a nearly 30 m thick layer occurs 
subdivided by cycles of desiccation, and incorporating 
bands of dolomite. In the well of the Diósberény water
works (Diósberény-B3) dolomite beds disappear again, 
and the sandy, silty sequence making up thick benches 
with intercalated lignite stripes dip 0.5° towards the village 
Kalaznó. In contrast to D iósberény-1 A, the borehole at 
Szárazd did not hit dolomitic horizons. Additionally, thin 
lignite seams and bands of organic matter characteristic of 
the upper part of the Pannonian sections of the boreholes 
at Diósberény and Regöly are also missing at Szárazd. It 
indicates that the upper part of the Pannonian section of 
the borehole at Szárazd is older than its surroundings. 
This feature supports the concept of a tectonic dislocation 
in the Kapós valley coupled to the post-Pannonian erosion 
of several 10 m thick sequences. The information available 
to date is insufficient to support a precise answer as to 
whether the present state is the result of the combined 
effect of dip and erosion or it was brought about by block 
tectonics or eventually by flexure. Different approaches 
arise from tectonic and neotectonic models nurturing still 
unresolved scientific discussions (Á dám  1969, G er n er  
1994). To our present knowledge it would be a serious mis
take to dismiss any of the three interpretations.

In our report preparing the detailed investigation of 
objects (C hikán  et al. 1995) we advanced the idea of poss
ible relationship between the recent morphology and the 
Pannonian paleomorphology of the area and that the di
rection and rate of crustal movements can be calculated 
based on the difference in altitude between the blocks con
trolling recent morphology, in turn, by the morphology of 
the Pannonian surface. The interpretation of the geologi
cal record of the boreholes at Diósberény and Udvari dis
proved the existence of such direct relationship.

Within the block between the Kapós river and Donát 
stream, the vicinity of the borehole at Diósberény is the 
most uplifted part of the Pannonian surface in the study 
area. Beside eventual structural movements erosion played 
a major role in inducing significant local differences in alti
tude (more than 50 m) both to the south and north. The 
surroundings of this borehole furnished the most complete 
record of the upper part of the Pannonian sequence.

In the post-Pannonian period this area was almost 
invariably in an uplifted position as compared to its sur
roundings. It is proved by the presence of merely 2-3 m 
thick weathered material having undoubtedly Pannonian 
origin overlying Pannonian beds. It is overlain, in turn, by 
in situ accumulated fossil soil (red clay) featuring an intact 
profile. Its parent material is the terrestrial product of

weathering of Pannonian provenance that can clearly be 
distinguished from fossil forest soils of the overlying loess 
sequence. The sequence above Pannonian (between
59.8-63.4 m) is assigned by analogy with the surrounding 
area to the Tengelic Formation (H alm ai et al. 1982). 
Given the decision of the Stratigraphic Committee of 
Hungary to classify the Tihany Formation as belonging to 
the Miocene, the formation of this thin sequence pre
served in profile, capped by a soil horizon and signifying 
warm climate, as well as even landscape, started presum
ably in the Pliocene. The surface of the soil closing the 
sedimentation cycle forms a discordance up until the peri
od of loess deposition. The thickest oxidized section, some 
80 m, recovered here in Pannonian formations of the sur
roundings is yet another proof supporting the idea of a 
long continental period ( J ám bor  1997). We assume that 
the variegated clay exhibits a tendency to progressive 
thickening in the gentle stretches of slope of the rather 
wavy, eroded Pannonian surface which is confirmed by the 
drilling record at Udvari.

First intertonguing with variegated clay then burying it, 
a well-bedded fluvial sequence was formed thickening pro
gressively toward the deeper parts of the Pannonian land
scape. None of our exploratory boreholes proved the pres
ence of a thick fluvial sequence underlying the loess 
sequence, a concept widely discussed in the scientific liter
ature. Several specialists engaged in mapping the related 
area of the Kapós valley and the region further southward 
(T oborffy  1925, R ónai 1961, E rdélyi 1961-1962) report
ed the existence of fluvial beds. We have identified them in 
exposures near Belecska and Csernyédpuszta during a fol
low-up field reconnaissance. We suggest that several ten m 
thick sequences made up of alternating well sorted fine 
sand and silt embedded between Pannonian series and the 
loess sequence found in the hydrogeological wells at Re
göly, Szárazd, Diósberény and Kalaznó and bearing Pleis
tocene fauna (Succinea sp., Planorbis sp.) pertain also to 
the fluvial sediments.

The loess sequence is deposited with a significant dis
cordance on the variegated clay terrain, whereas in the 
areas of fluvial accumulation it can occur as intertonguing 
with alluvial sequences. Its section is affected by soil for
mation and erosion as well as fluvial or eolian processes, 
but is nearly 60 m thick in the borehole at Diósberény. It is 
divided by 11 fossil soil horizons of various origin and 
stratigraphic characteristics. Age determinations and cor
relation of this sequence are liable to lead to erroneous 
conclusions in the absence of any detailed analyses. This 
issue was addressed first of all by the studies of specialists 
( P écsi 1975, G eraszim ov  1974) trying to throw light on 
the relationship between the loess and fossil soils.

Comparing the geological record of the boreholes at 
Udvari and Diósberény, the 40 m difference in thickness 
bears witness to truncation affecting the Diósberény 
series. Owing to the presence of the soil covering the varie
gated clay in the Diósberény borehole, loess was presum
ably preserved from the very beginning of its accumula
tion. Paleomagnetic tests show that a substantial break in 
sedimentation in the loess sequences of the borehole at 
Diósberény can be attributed rather to the Wiirm period. 
The preliminary results of paleomagnetic measurements 
are confirmed by the final interpretation, the section of 
the borehole between 32.7-53.2 m has to be assigned to 
the Paks loess sequence.
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