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Geological investigations carried out between 1995-96 in the Hegyhát hills produced a number of new results in the stratigraphy of 
the area. The two new boreholes identified unambiguously the Tengelic Formation previously unknown in the region. It has also been 
proved that loess sequences older than Würm play a considerable role in making up the Quaternary sequence of the Hegyhát hills. On 
the basis of field data collected we succeeded in distinguishing 3 formations of different ages in the fluvial sequences. We can also draw 
up a more precise picture on the composition and position of Lower and Middle Pleistocene fluvial sequences and older loess 
sequences. The data available is still insufficient to provide the detailed characteristics of the Quaternary history of evolution and tec
tonic events. Improvements in this field can be only made by further detailed investigations.

1. Introduction

As field and mapping geologists, we had the opportuni
ty to participate in the survey aimed at siting the disposal 
facility for radioactive waste in the area of the Hegyhát 
hills from the very beginning. Regarding geology, the 
Hegyhát hills pertains to the poorly mapped areas of 
Hungary. The majority of systematic mapping projects 
avoided this region. Mapping, structural or hydrocarbon 
exploratory boreholes were drilled on a very limited scale 
there. Field investigations of the last two years and this 
year’s two exploratory boreholes drilled in the Hegyhát 
hills produced a large amount of data to widen our knowl
edge about the stratigraphy of the area and the young 
Cenozoic sequence.

The framework of geological knowledge of the area is 
provided by some geological and geomorphic papers, as 
well as the profiles and logs of hydrogeological exploratory 
boreholes. The main features of the superficial and near
surface formations of the Tolna Hegyhát hills were previ
ously described by T oborffy  ( 1925) who covered the area 
between 1921-23 by detailed geological mapping.

The geological setting of the Hegyhát hills is represent
ed on the Pécs and Székesfehérvár sheets of the 1:200,000 
geological map series of Hungary making use of the so- 
called SüMEGHY-maps prepared in 1950-52 (F orgó  et al. 
1966, Rónai et al. 1972).

The most extensive study of the geological-geomorphic 
setting of the area to date was furnished by Á dám ( 1969) 
summarizing the results of his research between 
1957-1963. Among the formations of the young Cenozoic 
sequence he covered the following ones in detail: 
Pannonian deposits, clastic horizons, freshwater lime
stones, fossil red clays, fluvial sequences, loess sequences 
and sediments and flood-plain deposits. Most of his con
clusions on the geological setting still apply today.

Laboratory analyses of the samples from this year’s 
boreholes have not yet been completed. Therefore this 
paper summarizes our results based essentially on field 
information. We have the impression that there are only a 
very limited amount of key and correct data published 
from the surveyed area. We think it thus advisable to 
describe the main geological units and outcrops in detail.

Figure 1 represents the borehole and exposures used as 
reference in the paper.

2. Pannonian sediments

In the Tolna Hegyhát hills area on the surface there are 
only Upper Pannonian sediments whereas boreholes cut 
Lower Pannonian sediments as well. Lower Pannonian 
sediments are arranged into the Peremarton Supergroup, 
and the Upper Pannonian sequences, into the Tihany For
mation. In accordance with our ideas the drilled sediments 
in lower position are discussed first, then the outcropping 
sequences will be concerned.

2.1. Peremarton Supergroup 
and Tihany Formation in boreholes

The Tolna Hegyhát hills can be regarded as a poorly 
surveyed segment of the country. Merely 6 boreholes were 
drilled there with continuous core sampling (Table 1 ).

Upper Pannonian formations were completely drilled 
by just one borehole, the Tolnanémedi-2 structural ex
ploratory borehole located on the gravitational maximum 
in the northern part of the Hegyhát hills. The borehole 
was stopped on reaching the Mecsek-type Liassic sequence 
underlying Upper Pannonian. Older Neogene sediments 
were thus missing.

Other core boreholes for lignite exploration and siting
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1. Significant boreholes and outcrops in the Tolna Hegyhát hills

1 -  b o r e h o l e  a n d  i ts  c o d e ,  2  — o u tc r o p  a n d  i ts  n u m b e r ,  3 — p r o f i l e  o f  F ig u r e s  2  a n d  5

1. ábra. A tolnai Hegyhát fontosabb fúrásai és feltárásai

1 — f ú r á s  é s  j e le ,  2 — fe lsz ín i f e l tá r á s  é s  s o r s z á m a ,  3 — a  2 . é s  5 . á b r a  s z e lv é n y é n e k  n y o m v o n a la



Exploratory boreholes in the Tolna Hegyhát hills with continuous core sampling T a b le  1

Village, borehole Date of completion Qp Pl-Qp, Pa2 Bottom Pa2 a.s.l

Belecska-1 1978 14.0 - 200.0 200.0 127

Diósberény-1A 1996 59.8 63.4 150.1 150.1 138

Nagyszékely-1 1977 50.2 - 200.0 200.0 77

Tolnanémedi-2 1980 27.2 204.2 1200.1 83

Udvari - 1 1978 33.8 - 250.0 250.0 137

Udvari-2A 1996 97.0 150.3 170.4 170.4 28

the repository of radioactive waste have not yielded data 
on older Neogene formations either, since they stopped in 
Upper Pannonian sequences. The same applies to the 
deepest hydrogeological exploratory borehole (Gyönk-B4) 
drilled in the central part of the area. Its base at the depth 
of 400 m did not hit older Neogene either.

The Hőgyész-K8 hydrogeological exploratory bore
hole drilled to 750 m depth in the flood plain of the Kapós 
river in the western margin of the Hegyhát hills yielded the 
only information on old Neogene sediments (A n d ó  1990). 
Stratigraphic interpretation of this thermal-water ex
ploratory well was based on the evaluation of the borehole 
log. Upper Pannonian sediments can be followed down to 
a depth of 400 m underlain by around 230 m thick Lower 
Pannonian clay marl, underlain, in turn by Upper Sarmat- 
ian formations down to 750 m. This data set corresponds 
to the contour lines of the map representing the Pannonian 
(s.l.) formations of Hungary (C siky  et al. 1987).

Supported by these rather poor data, the thickness of 
the Upper Pannonian sequence in the Tolna Hegyhát hills 
can be calculated to range between 400-500 m, exhibiting 
a tendency of getting thicker towards the east. In the main 
part of the survey area the sequence is underlain by clay 
marls and silts of the Lower Pannonian Peremarton 
Supergroup. A different picture can be drawn, up in the 
northern part of the Hegyhát hills where they were not 
deposited, or are missing, and the basement is of Mesozoic 
age.

The main features of the Upper Pannonian sequence 
were described essentially on the basis of the above core 
boreholes. In the late 1950s 9 shallow mapping boreholes 
were deepened in the Gyönk area recovering the top 5-20 
m thick zone of Pannonian. Together with the borehole 
Udvari-2A their profiles can only be used for determining 
the position of the Upper Pannonian layers.

Within the framework of the lignite reconnaissance in 
Central Transdanubia in the late 1970s 3 boreholes 
(U dvari-1, Belecska-1, Nagyszékely-1) were drilled in the 
Hegyhát hills. This survey did not bring the desired result, 
as the boreholes aimed at recovering thick lignite horizons 
of the Torony Formation hit only a maximum 0.5 m thick 
lignite intercalation.

Interpretation of geological and geophysical logs 
resulted in the identification of cyclic sediments of the 
Upper Pannonian oscillation sequence. Coarser sandy 
horizons deposited in a high-energy environment alternate 
with finer silty-clayey layers formed under lower-energy 
conditions.

The sequence has pale-gray, gray color turning variegat
ed (yellow, beige, brown) through secondary oxidation in 
the uppermost 10-60 cm thick part of the profile all over 
the area. Stratification varies from parallel-laminated, 
cross-bedded, oblique and lenticular as a function of the 
deposition environment.

2.2. Tihany Formation on the surface

The superficial occurrences of the Upper Pannonian 
Tihany Formation are associated with three sites having 
very similar morphological position. All of them are recov
ered in the southwestern side of the 3 main SSW -NNE 
oriented river and stream valleys, formed by the Kapós 
river and Donát and Hidas streams and representing the 
principal morphological features of the landscape.

2.2.1. The surroundings of Pincehely

One of the sites can be found in the northwestern part 
of the Hegyhát hills, near Pincehely. Hills in this area 
extending southeast of the Kapós river are made up of Pan
nonian sediments (Figure 1, 1). In the Hegyhát hills this is 
actually the site of the widest superficial extent of 
Pannonian deposits. The sequence can be studied in a 
number of gullies and road cuts. Springs rise from several 
horizons. There are only a limited number of outcrops cov
ering a continuous section, and it is mostly covered by 
slope deposits. The sequence can be tracked from 110 to 
180 m a.s.l., its in situ overburden has not yet been ob
served.

Its thickest development amounting to 5 m has been 
found in an artificial wall, cut under a sm'all chapel in the 
southern edge of Pincehely. Caves have been cut into the 
comparatively stable formation (Figure 1, 2). The sequence 
is made up of grayish-brown, medium-grained, well-sorted, 
mica-rich and poorly or bench-like stratified quartz sand. 
Some 10-20 cm large, well-rounded sandstone nodules 
and lenses of irregular shape can be found randomly dis
tributed in the outcrop. The upper part of the exposure is 
composed of alternations of silty, clayey and sandy layers 
and laminae. Parallel, horizontal bedding is characteristic. 
The Pannonian sequence is covered by slope deposits 
including eroded soil and calcareous nodules.

Basically the same sort of sandy series is found in gul
lies around Pincehely bearing occasionally 10-40 cm 
thick, mostly tilted sandstone benches with wavy bedding 
planes. Yellowish-gray, well-sorted, exfoliated clay of slip
pery touch can be scratched frequently out of the bottom 
of the gullies. The sequence has a smooth deposition pat
tern with horizontal bedding.

One of the isolated Pannonian exposures of the Hegy
hát hills can also be assigned to this area unit, based on its 
morphological position. It is situated at Gerenyáspuszta, 
at the branching of the road between Keszőhidegkút and 
Gyönk to Szárazd (Figure 1, 3). Another outcrop lies also 
on the southeastern side of the Kapós river, approximately 
10 km south to the Pincehely area, 115 m a.s.l. Although 
the outcrop is very small, an about 3 m wide and 2 m high 
cavity dug out in the road cutting, it is very significant, 
because it indicates the Pannonian sequence in a near-sur-



Photo 1. A part of the outcrop at Alsópélpuszta 

1. fénykép. Az alsópélpusztai feltárás részlete

face position. Except for one, all of the 9 mapping bore
holes drilled at Gyönk on the valley sides and in valleys to 
the northeast from the superficial occurrence cut the 
Pannonian Formations. The top of the Pannonian sedi
ments ranged between 110 and 145 m a.s.l. in the bore
holes, whereas boreholes on valley floors hit Pannonian 
strata in the depth range 5-10 m. Pannonian sequences 
exhibit an uneven surface overlain by reworked loess bear
ing occasional calcareous nodules. It comprises dirty-white 
clayey silt of parallel, horizontal bedding pattern with spo
radic limonite intercalations.

2.2.2. The valley of the Donát stream

Pannonian sediments are found in an abandoned pit 
near Alsópélpuszta, at an altitude of 105 m a.s.l. in the 
southeastern side of Donát-stream, in the main, SW -NE 
striking valley of the central part of the Hegyhát hills 
(Figure 1, 4, Photo 1). The outcrop is nearly 8 m high and 
20 m wide. Its bottom is made up of 2 m thick light-gray, 
micro-stratified, intermediately compacted silt with fine 
sand. Its upper part is colored by limonite rhythms, and it

Photo 2. The outcrop at the northern dam of the fishpond near 
Kistormás

2. fénykép. A kistormási halastó É-i gátja mellett lévő feltárás

has tendency to disintegrate into mosaics. One of the 
clayey horizons bears a number of Congeria rhomboidea 
remains and imprints. Pannonian deposits of this locality 
feature likewise chopped, eroded surface. The related 
series is closed by a 5 cm thick sandstone horizon rich in 
mica that can be traced all along the outcrop, overlain by a 
reworked, slipped old Quaternary sequence. In a small seg
ment of the bedding-plane of this closing horizon traces of 
striae indicated eventual one-time dislocations. Striation 
may have been provoked by sliding or even by tectonic dis
placement. The sequence has a smooth, horizontal deposi
tion pattern.

2.2.3. The surroundings of Kolesd and Kistormás

The best and most im portant Pannonian exposures 
occur in the southern part of the Hegyhát hills, on the east
ern side of the valley of the Hidas stream. Not only the 
upper horizon of the preserved segment of Pannonian for
mations can be studied in these outcrops, but the immedi
ately overlying horizons as well.

The most complete section is provided by a tiny aban
doned pit cut into the eastern hillside of the fishpond, near 
its northern dam south from Kistormás (Figure 1, 5, Photo 
2). The intact upper level of the Pannonian sequence can 
be studied in the bottom 6 m thick part of the pit. It com
prises yellowish-gray, mica-rich, poorly rounded, well-sort
ed, medium-grained gravel having weak limonitic content 
with 10-20 cm thick intercalations of strongly cemented 
sandstones featuring wavy bedding planes. Stratification is 
horizontal. The sequence shows cross, oblique and lenticu
lar bedding including limonite stripes and bands. An inter
nal cast of Dreissenomya unionides was recovered from this 
sequence, but unfortunately it is only a facies indicator and 
not a persistent stratigraphic marker. In the upper part of 
the Pannonian sequence a 5-10 cm thick, black, paludal, 
exfoliated clay layer rich in organic matter is embedded in 
the homogenous sandy sequence. The overlying 20-30 cm 
thick sandstone bench is the closing member of the Pan
nonian deposits. The discordant surface can be found ab
ove its wavy bedding plane. Older formations were eroded 
by post-Pannonian denudation prior to the beginning of 
renewed sedimentation.
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2. Geological profile of the Udvari area

1 — fluvial formations (lower flood plain): silt, 2 — fluvial-paludal formations, undifferentiated, 3 — fluvial-proluvial formations, undifferentiated, 4 — flu- 
vial-proluvial formations: silt, 5 — proluvial-deluvial formations, 6 — fluvial formations (lower and upper flood plain): silt, 7 — fluvial formations (upper 
flood plain): sand, 8 — fluvial formations (upper flood plain): silt, 9 — deluvial formations, undifferentiated, 10 — deluvial formations: sand, silt, 11 — flu
vial-proluvial formations, undifferentiated, 12 — fluvial-proluvial formations: sand, 13 — fluvial formations (terrace, detrital fan), undifferentiated, 14 — 
fluvial formations (terrace, detrital fan): sand, sand with gravel, 15 — fluvial formations (terrace, detrital fan): alternation of sand and silt, 16 — fluvial 
formations (terrace, detrital fan): fine- and medium-grained sand, 17 — fluvial formations (terrace, detrital fan): sand sequence, 18 — fluvial formations: 
clay, silt sequence, 19 — aeolian sand, fluvio-aeolian sand, 20 — aeolian formations: loess, 21 — fossil soils, undifferentiated, 22 — fossil soils: silt, 23 — fos
sil soils: clayey silt, 24 — fossil soils: silty clay, 25 — fossil soils: clay, 26 — continental variegated clay, red clay, 27 — clayey sand, 28 — sand, V20_50 — silt, 
sandy silt, sand (with 20-50 % sand content), VS0.70 — silt, sandy silt, sand (with 50-70 % sand content), H — sand (with 70-100 % sand content), V —

formations undifferentiated due to lack of data (Upper Pannonian s.l.)

2. ábra. Az udvari terület földtani szelvénye

1 — folyóvízi képződmények (alacsony ártér): kőzetliszt, 2 — folyóvízi-mocsári képződmények általában, 3 — folyóvízi-proluviális képződmények 
általában, 4 -  folyóvízi-proluviális képződmények: kőzetliszt, 5 — proluviális-deluviális képződmények, 6 -  folyóvízi képződmények (alacsony és magas 
ártér): kőzetliszt, 7 — folyóvízi képződmények (magas ártér): homok, 8 — folyóvízi képződmények (magas ártér): kőzetliszt, 9 -  deluviális képződmények 
általában, 10 — deluviális képződmények: homok, kőzetliszt, 11 — folyóvízi-proluviális képződmények általában, 12 — folyóvízi-proluviális képződmények: 
homok, 13 -  folyóvízi képződmények (terasz, hordalékkúp) általában, 14 -  folyóvízi képződmények (terasz, hordalékkúp): homok, kavicsos homok, 15 
— folyóvízi képződmények (terasz, hordalékkúp): homok és kőzetliszt váltakozása, 16 — folyóvízi képződmények (terasz, hordalékkúp): finom- és közép
szemcsés homok, 17 — folyóvízi képződmények (terasz, hordalékkúp): homokos összlet, 18 -  folyóvízi képződmények: agyag-kőzetliszt összlet, 19 -  
futóhomok, fluvioeolikus homok, 20 — eolikus képződmények: lösz, 21 — fosszilis talajok általában, 22 — fosszilis talajok: kőzetliszt, 23 — fosszilis tala
jok: agyagos kőzetliszt, 24 — fosszilis talajok: kőzetlisztes agyag, 25 — fosszilis talajok: agyag, 26 — szárazföldi tarkaagyag, vörösagyag, 27 — agyagos 
homok, 28 -  homok, V20_50 -  kőzetliszt, homokos kőzetliszt, homok (20-50% homoktartalommal) -  V50_70 -  kőzetliszt, homokos kőzetliszt, homok 

(50-70% homoktartalommal), H — homok (70-100% homoktartalommal), V — adat hiányában nem bontható képződmények (felsőpannóniai s. 1.)



Deposits located further up the profile belong to the 
Tengelic Formation. Their lowermost part is made up of 2 
m thick reworked, fine- and medium-grained sand rich in 
mica, including sporadic, 10-20 cm large fragments of 
sand and limestone. The sand is unstratified and homoge
nous. Fragments of primary sandstone and gray limestone 
of chip-like jointing occur as characteristic features in its 
lower and upper parts, respectively. They derive from the 
denudation of the lime-enriched horizons of old red clays. 
This reworked sandy segment can be correlated with the 
fine-grained, variegated sand layer, drilled in he depth 
range of 145.8-150.3 m in borehole Udvari-2A, which 
also directly overlies the Pannonian sequence.

Above the sandy sequences sediments of an approxi
mately 1 m thick paludal cycle can be recognized. A 20 cm 
thick layer bearing limonite, as well as calcareous nodules 
and benches embedded in fine sand can be observed in its 
bottom. It represents the level of lime accumulation. It is 
overlain by 20-40 cm thick, slightly greenish-gray clayey 
fine sand covered in turn by a grayish-brown variegated 
clay of crumbs and walnut jointing with occasional 
limonite patches, rich in manganese. This is also the final 
member of the variegated clay sequence described in this 
area, since its uneven surface is overlain by Holocene soil 
derived from lime-bearing slope deposits which include 
calcareous nodules.

The Pannonian series of sandstone benches occurs fre
quently in the eastern bank of the Kistormás fishpond at 
an approximate altitude of 110 m a.s.l. It forms invariably 
smooth, horizontal bodies.

Another excellent outcrop of the top of the Pannonian 
sequence affected by erosion is exhibited in a cut on the 
hillside facing the Sió canal near the eastern boundary of 
the village Kölesd, south from the Hidas stream (Figure 1, 
6). The sandy sequence bearing a number of sand benches 
having wavy bedding planes was recovered in a thickness 
of 8 m, overlain by an approximately 2 m thick red clay 
horizon covered in turn by slope deposits. This outcrop is 
presumably unique among the profiles of the Hegyhát hills 
area featuring the in situ, oldest, thick red clay sequence 
together with its well-expressed horizon of lime accumula
tion overlying the eroded Pannonian surface. The only dis
advantage of the site is that its access is difficult. Therefore 
it cannot be carefully documented. The outcrop lies 100 m 
a.s.l., 10 m higher than the Sió canal.

The other peculiar feature of the Kölesd area is the 
very young Upper Wiirm sequence occurring at the same 
altitude, at a distance of merely some hundred m north of 
the Hidas stream. The stream valley can thus be interpret
ed as a structural boundary -  if the loess has not slid down 
or Pannonian was not eroded at that rate — since the out
crop exhibits horizontally stratified Pannonian beds.

3. Pliocene -  Lower Pleistocene

The terrestrial, mainly clayey Tengelic Formation is 
arranged into Pliocene to Lower Pleistocene. It occurs 
both in boreholes and on the surface.

• 3.1. Tengelic Formation in borehole

In the exploratory borehole logs in the area of the 
Tolna Hegyhát hills the Tengelic Formation has never been 
noted. References to a formation of the age specification

"Levantien” come up frequently in the sketchy geophysical 
logs of earlier hydrogeological exploratory boreholes as 
lying between the Pannonian and Pleistocene sequences. 
Nevertheless, their evaluation and interpretation have a 
number of problems, because well-log tests had not yet 
been made at that time, and descriptions were thus based 
on samples of drilling chips.

The two new core borehole (U dvari-2A, Diósbe- 
rény -lA ) revealed a formation thus far unknown in the 
area (Table 1). The related strata were cut with thickness 
of 53.3 and 3.6 m, and have been described in detail 
(K o l o sz á r  1997, M a rsi 1997).

We have compiled an approximately E-W  geological 
profile aimed at preparing the hydrogeological model of 
the Udvari area making use of 5 geological and geophysi
cal logs (Figure 2). On the basis of the geological and geo
physical logs of the U dvari-1 lignite exploratory, Udva
ri-Kő hydrogeological and Sárszentlőrinc-B5, -B7 hydro- 
geological wells situated west and east to U -2A, respec
tively, we succeeded in delineating a sedimentary basin 
formed after Late Pannonian that may have been the cen
ter of the deposition of the Tengelic Formation.

3.2. Tengelic Formation on the surface

Deposits that can undoubtedly be assigned to the 
Tengelic Formation have only been found on the eastern 
side of the valley of the Hidas stream, in the southern part 
of the Tolna Hegyhát hills. Another occurrence is suggest
ed by outcrop 16 in the Szárazd area (4.1.3).

Reference to the series pertaining to the Tengelic 
Formation has already been made above (2.2.3) while dis
cussing the overlying strata of the Pannonian sequence at 
the northern dam of the fishpond of the Hidas stream. It 
must be added to that description that samples have been 
taken from the greenish-gray, clayey, fine sand to examine 
the presence of some volcanic components in the clastic 
sediments. The results of X-ray analyses showed that the 
reworked sandy clay is of bentonitic composition, which 
suggests a partially volcanic origin. The only pyroclastics 
deposited in the Hegyhát and Mezőföld areas during the 
development of the Tengelic Formation could have origi
nated exclusively from the Bár basalt volcanic phase (2 
million years ago). Consequently, bentonitic horizons of 
the borehole Tengelic-2 are thought to be associated with 
the Bár volcanism. This important age record presumably 
applies thus to the interpretation of the Hidas stream 
sequence as well. We note that the borehole Udvari-2A 
also drilled pyroclastics-like features. Related samples have 
already been taken, but the results are not yet available.

A red-clay horizon is regarded as making up the base of 
the continental clastic sequence overlying Pannonian sedi
ments in the Tolna Hegyhát hills. Its unique known out
crop is on the eastern side of the fishpond at Kistormás, 
south of the village at the first crossing (Figure 1, 7). The 
exposure is 15 m wide and 2 m high. In its lower part, in 
the lime accumulation level of the old red clay, an approxi
mately 1 m thick limestone can be observed. The upper 
part of the calcareous horizon bears a tilted, 25-30 cm 
thick calcareous bench. Its collapsed blocks can be traced 
as long as 10 m. The bank exhibits a wavy, irregular bed- 
dingi'plane, while the rock is represented by dirty-white, 
pink-striped, hollow limestone characterized by a porous 
structure and cryptocrystalline texture. Below the bench a 
zone of fractured fragments of more weathered limestone



layers and plates follows down to the bottom of the out
crop. The rock is pure limestone devoid of clastic material. 
Red clay only infiltrated into its pores from above. The 
limestone horizon is covered by approximately 1 m thick 
vivid red clay and clayey weathering products. In its lower 
part it is still considerably rich in lime constituting calcare
ous veins and nodules. Its lime content decreases upward, 
the profile becoming friable and clayey. Neither the foot- 
wall nor the overburden of the fossil soil horizon has thus 
far been recovered.

4. Quaternary sediments

Two main groups of the Quaternary sediments are dis
tinguished, fluvial and loess sequences.

4.1. F luvia l sequence

Owing to the scarcity of truly reliable data, the exis
tence, position, thickness and areal extent of Quaternary 
fluvial sediments in the Hegyhát hills are still widely dis
puted. T o b o r f f y  (1925, p. 99) reported the existence of 
two notable sand localities. He notes that “the most exten
sive Belecska diluvial (?) sand body thins out at the north
ern boundary of the village Hidegkút and reappears from- 
beneath the loess blanket only between the villages 
Szárazd and Szakály”.

E rd ély i (1961-62) reports that the Pleistocene fluvial 
sand can be tracked on both sides of the Kapós valley from 
Keszőhidegkút up to Simontornya.

Á d á m  (1969, pp. 24-25) suggests that fluvial sedi
ments have a wider extent in the Hegyhát hills belonging 
to the Middle Pleistocene alluvial fan of the Tolna Hills. 
He notes that the surface extent of “fine-, medium- and 
small-grained fluvial sands is confined basically to the 
northern, western and eastern margins of the Hegyhát 
hills. Outcrops in steep erosional valleys and drilling data 
prove that — like red clays — fluvial sands are present on a 
regional scale. They continue under the loess cover in the 
inner part of the Hegyhát hills, playing a major role in its 
constitution”. According to his records reported in tables 
from sites only inaccurately identified, the thickness of the 
fluvial sequence varies between 10-150 m and 1-40 m in 
the marginal and central part of the Hegyhát hills, respec
tively.

During the preliminary field reconnaissance in the 
mapped area we found fluvial strata only in 5 minor expo
sures near Diósberény ( C h ik á n  e t al. 1995), whereas near 
Udvari they were not found ( C h ik á n  e t al. 1996). Three of 
the five were in very poor state. The Quaternary section of 
the profile of the two exploratory boreholes completed in 
1996 in the surroundings of Udvari and Diósberény 
exhibits sands or fluvial layers, also on a very limited scale 
(from that point of view the depth range of the Diósbe
rény borehole between 25.8-32.7 m bore some interesting 
results). This information seemed to dispute the regional 
extent and large thickness of fluvial sediments in the 
Hegyhát hills.

In order to get a better insight into the problem, a 
renewed field reconnaissance was organized in September 
1996 in the relevant region. The restricted time allocated 
for this work prevented us from examining the entire area. 
Nevertheless, in addition to the already known flood-plain 
deposits of the Kapós river and major valleys, the recon

naissance resulted in the identification of at least three dif
ferent fluvial sequences. It is difficult to make a visual dis
tinction between the Quaternary sand bodies of the 
Hegyhát hills. Lacking other data they can only be differ
entiated upon their position in the sequence.

4.1.1. Uppermost Pleistocene fluvial sequence 
(Kapós terrace)

Apart from flood-plain levels, the youngest deposits of 
the fluvial sequence in the area are represented by the rem
nants of the Uppermost Pleistocene terrace of the Kapós 
river. The light yellowish-brown sand is predominantly 
medium-grained comprising quartz with a negligible 
amount of mafic components. The formation is uniform 
but scratching its surface a stripe-like thin bedding can be 
recognized accompanied with a variation in grain size. It 
includes some lenses and stripes of coarse sand with a dis
tinct rough surface, and a number of mafic components. 
The remnants of the terrace are in the morphological level 
between 105-115 m a.s.l.

The same type of terrace fragment can be observed on 
the eastern side of the railway between Belecska and Pin
cehely at the foot of the Hegyhát hills (Figure 1,8) and in 
the belt between the railway station of Regöly and Cser- 
nyéd grange (Figure 1, 9). This terrace level has not yet 
been buried under loess, but its surface was slightly 
reworked by wind resulting in 2-3 m high dunes on the top 
of the sequence.

4.1.2. Upper Pleistocene fluvial sequence

An older fluvial sand body can be observed near Be
lecska. Its type locality is the so called “Kettős balk” recov
ered at the altitude between 120-150 m. Its lower segment 
can be studied at the northern boundary of the village near 
the waterworks, whereas the upper one can be accessed 
from the E-W row of houses in Belecska in abandoned 
sand pits and some gullies (Figure I, 10, Photo 3). Its 
immediate footwall and overburden has not been recov
ered in the mapped sites.

At the end of the gully, opening from the E-W row of 
houses in Belecska to the NNE, the sequence is subdivided

Photo 3. A detail of the thin-bedded sand sequence of the outcrop 
10 near Belecska

3. fénykép. A Belecska melletti 10. feltárás vékonyréteges 
homokösszletének részlete



Photo 4. A detail of the outcrop 17; well-stratified, thin-bedded 
fluvial formation between Diosbereny and Hogyesz

4. fénykép. A 17. feltárás részlete; jól rétegzett, vékonyréteges 
folyóvízi képződmény Diósberény és Hőgyész között

in two parts by shower gravels deriving from Pannonian 
sandstones and rounded calcareous nodules and calcare
ous loess nodules mainly from the Würm loess series. The 
sequence above the proluvial blanket is uniform and loos
er, whereas the poorly recovered lower one is more com
pact, better stratified and has more diverse color and grain- 
size pattern. During the Holocene this sand was reworked 
on exposed surfaces indicated in the area by occasional 
occurrences of sand blankets with alternating thin layers 
of clay substance.

4.1.3. Lower and Middle Pleistocene sequence

As it was already reported by T o b o r f f y  (1925) thick 
fluvial sequences also occur underlying the Würm loess 
sequence in the two large sand area of the Hegyhát hills 
(the vicinity of Belecska and Csernyédpuszta).

An example of the  in terd ig ita tion  o f  L ow er a n d  M id d le  
P leistocene f lu v ia l  a n d  loess seq u en ces can be observed in 
the surroundings of Belecska. One of the most spectacular 
exposures of this area is situated at the upper end of the 
gully opening from the paved road to Miszla at the Be-1 
lignite exploratory borehole toward SSE (Figure 1, 11, 
Figure 3). 1.2 km from the road, this approximately 10 m 
thick section lies between the altitudes of 190-200 m. The 
profile made up of older loess-bearing fossil soils and over- 
lain with an angular unconformity by fluvial gray-stained, 
rusty-spotted silt with fine sand can be tracked 100 m 
along the gully (under “older loess”, loess sequences older 
than Würm are meant).

The lowermost part of the outcrop shows a fossil forest- 
soil horizon in the original position developed on old, 
compact loess parent material. It is overlain by a deluvial 
series of variable thickness, including eroded soil and

3. Schematic profile of outcrop 11

I — Lower-Middle Pleistocene fluvial sand, silt, 2 — basal conglomerate 
(including gravels of calcareous nodules), 3 — Middle Pleistocene loess, 4 
— reworked, red fossil soil, 5 — Middle Pleistocene slope loess, 6 — red 

fossil soil, 7 — debris

3. ábra. A 11. feltárás vázlatos szelvénye

1 — alsó-középsőpleisztocén folyóvízi homok, kőzetliszt, 2 — báziskon
glomerátum (mészkonkréció-kavicsokkal), 3 — középsőpleisztocén lösz, 
4 — áthalmozott, vörös fosszilis talaj, 5 — középsőpleisztocén lejtőlösz, 

6 — vörös fosszilis talaj, 7 — lejtőtörmelék

4. Schematic profile of outcrop 16

1 — Upper Pleistocene loess with brownish-grey soil horizons, 2 — 
Lower-Middle Pleistocene fluvial sand, silt, 3 — disturbed gravel with red 
clay, 4 — Pliocene — Lower Pleistocene red clay, 5 — Pliocene — Lower 

Pleistocene clastic horizon, 6 — debris

4. ábra. A 16. feltáras vázlatos szelvénye

1 — felsőpleisztocén lösz, barnásszürke talajcsíkokkal, 2 — alsó-középső
pleisztocén folyóvízi homok, kőzetliszt, 3 — zavart településű vörösagya
gos kavics, 4 — pliocén-alsópleisztocén vörösagyag, 5 — pliocén-alsó- 

pleisztocén törmelékes szint, 6 — lejtőtörmelék

reworked loess, which is covered, in turn, by a 1,5 m thick 
yellow, very stable, compact typical loess of prism jointing, 
divided by a 20-30 cm thick, presumably reworked reddish 
soil layer. The overall thickness of the loess sequence 
including fossil soil horizons and the deluvial interbed 
amounts to 3 m.

Loess is overlain with an angular unconformity by bas
al conglomerates built up of gravel bands, as well as 3-4 m

10 m

20 m



Some data of the loess sequences in the Hegyhát hills T a b le  2

Thickness (m) Base level (m a.s.l.) Fossil soil horizons (n)

site 1 2 3 4 1 2 3 4 1 2 3 4

Dunaújváros loess sequence 14.3 13.9 13.9 ? 162.8 187.5 187.5 9 2 2 2 9

Mende-Basaharc loess sequence 46.6 38.2 17.7 9 116.2 149.3 169.8 190 4 5 - 9

Upper Pleistocene loess 60.9 52.1 31.6 60 116.2 149.3 169.8 190 6 7 2 9

Paks loess sequence 35.3 6.6 27.1 5 80.9 142.7 142.7 185 7 4 9 4 '

Pleistocene loess sequence 14.3 13.9 13.9 65 80.9 142.7 142.7 9 13 11 11 9

1 -  borehole Udvari-2A; 2 — borehole Diósberény-1A after Jámbor (1997), 3 -  borehole Diósberény-1A on the basis of preliminary paleomagnetic 
results (P. Márton, oral comm.), 4 — outcrop #15. (Csernyéd, vicinity of the astronomic reference point)

long and 50-60 cm wide lenses of shower gravel. It is cov
ered by a 7 m thick fluvial series fining progressively up 
the profile. In the lower part prominent cross-bedding and 
bent, stripe-like micro-stratification are visible in lenses 
and bands of fine sand. The slightly bent laminar micro
stratification is less distinct in the silty segment, but it can 
still easily be recognized. The overburden of the fluvial 
sequence is not found in the gully.

The outcrops of the Lower and Middle Pleistocene flu
vial sequence and its overlying formations are associated 
with two specific areas.

In the northern part, the highest block of the Hegyhát 
hills (Halyagos) and its southern ranges (Csicser hill, 
Szentegyház hill) are separated from Méhes summit — the 
western margin of the Hegyhát hills — by the aforemen
tioned valley. Data for getting a precise picture on the com
position and position of fluvial sediments are available 
from both regions. In the cuts of the road between Belecska 
and Miszla crossing the southern ranges of Halyagos, typi
cal young loess is found on the hill ridge above 250 m a.s.l. 
where it forms the overburden (Figure 1, 12).

The thickness of fluvial sequences can exceed even 100 
m on the western side of Méhes-tető, found between 
105-240 m a.s.l. Very thick (up to 10-20 m) fluvial sand 
benches and thinner silty beds crop out in abandoned sand 
pits and in the cut of the by-way leading from the railway 
post between Belecska and Keszőhidegkút up to the hill 
top. The lower part of those profiles contain mostly sand 
(Figure 1, 13).

The fluvial sequence representing the lower part of 
Pleistocène also has significant surface extent in the south
ern part of the area, near Csernyédpuszta. The overall 
thickness of the series exceeds 80 m there. The most spec
tacular outcrops are in the Csernyéd ditch, in gullies to the 
east and in sand pits near Diósberény. The principal part 
of the section is made up of sand benches. The sand series 
also bears fluvio-eolian and eolian sequences.

The largest outcrop of the area is in the Csernyéd 
ditch, 1 km to the south of Csernyédpuszta, at the eastern 
side of the Lámpás Hill (Figure 1, 14). Fine- and medium
grained fluvial sands are found in a 20 m high wall of a pit 
at 140-160 m a.s.l. The pit wall bears some mixed thin- 
shelled Quaternary fauna and subordinate Pannonian mol- 
lusk fragments in the stripes and tiny lenses between lay
ers.

The fine-grained-silty section of fluvial sediments also 
exhibits considerable thickness. Its typical representatives 
are yellowish-gray, gray, thin-bedded flood-laid sediments 
with rusty veins and patches including a number of tiny, 
well-preserved Planorbis. The fluvial sequence can be 
tracked all along the gully opening to northeast near 
Fenyvesmajor in the Csernyéd forest, approximately 300

m from the 250.1 m astronomical reference point and in 
the parallel by-way between 160-190 m a.s.l. The major 
part of the sequence comprises fine-grained sediments. 
The nicest exposure is at approximately 160 m a.s.l. where 
the forest way is crossed by a side gully (Figure 1, 14). To 
the northwest from this side (below 160 m a.s.l.) and all 
along the way to the flood plain of Kapos river (down to 
105 m a.s.l.) the surface is covered exclusively by sand.

The fluvial sequence can also be traced in the side 
gully crossing the forest way, up until its displacement, to 
180-185 m a.s.l. The overburden is also found there. Red 
fossil soil of a destroyed profile can be observed in the alti
tude 185-190 m a.s.l. with 20-30 cm calcareous nodules 
in its lower part. To the south, young loéss is recovered all 
along the gully lacking essentially in loess nodules. They 
are absent on the gully floor as well. The gully ends in a 20 
m high loess escarpment. Its top is at 203-205 m a.s.l. but 
up to the 250 m high hilltop loess seems to cover the sur
face. 5

The southernm ost known outcrop of the fluvial 
séquence is featured by a sand pit (Figure 1, 17, Photo 4) 
500 m from the northern side of the paved- road to 
Hôgyész, 1,5 km west from Diôsberény. In the sand pit at 
an altitude of 185 m a.s.l. fluvial sands with silty intercala
tions are overlain by fluvio-eolian and eolian sediments.

In the gully next to the western side of the pit both the 
footwall and overburden of fluvial sands are found com
prising thin-bedded, gray flood-laid deposits and young 
loess, respectively.

Surface outcrops of the lower part o f the Lower and 
Middle Pleistocene fluvial sequence and its base are rare in 
this area. In the water supply wells in the related area of 
the Kapos valley they are underlain by Pannonian .strata at 
50-70 m a.s.l. (e.g. Regoly-K10 = 59 m, Regoly-K7 = 54 
m, Szârazd-B 1 = 67 m). Apart from distortions caused by 
eventual structural dislocations and dip of the layers the 
thickness of the sequence calculated upon morphological 
data may further be reduced by the thickness of embedded 
loess sequences (like near Belecska, in outcrop 11 ).

The only outcrop featuring the presumed immediate 
footwall on the surface is in the lower and medium parts of 
the gully, some 1200 m to the south from the Diôsberény 
exploratory borehole. The young loess is underlain by a 
fluvial sequence then fossil red soil, underlain in turn by 
an old clastic bed of disturbed characteristics comprising 
presumably reworked Pannonian products. The two lower
most strata are poorly visible (Figure 1, 16, Figure 4). This 
interpretation is confirmed by the profile of the borehole 
at Diôsberény. Consequently, the fossil red soil exposed 
should be interpreted as Pliocene — Lower Pleistocene red 
clay. This assumption is supported by the presence of very 
hard, recrystallized calcareous nodules in the horizons



Photo 5. A detail of the outcrop 16 next to the exploratory bore
hole at Diosbereny; fissured clay lens embedded in the older 

Pleistocene fluvial formation

5. fénykép. A diósberényi kutatófúrás melletti 16. feltárás 
részlete; az idősebb pleisztocén folyóvízi képződménybe települő 

repedezett, agyagos lencse

under the red clay shreds found on the bottom of the gully, 
which are much harder than any nodules in the fossil soils 
of the loess sequence.

The best exposed 50-60 m sector of the gully is situat
ed at 130-140 m a.s.l. Its bottom exposes disturbed, rusty 
fine- and medium-grained sand lenses with stripes extreme
ly rich in mica, and bearing “sacks” of clay and claymarl 
fragments in its surroundings. Above a plastic, resistant, 
red clay can be observed frequently exhibiting diverse tints 
and a prism structure, hardening when dry. Calcareous 
lenses and large nodules occur inside and below them 
forming occasionally benches.

The undisturbed red clay is covered by alluvial-prolu
vial sediments making up an inverse series. Lower down it 
contains eroded red clay with floating calcareous nodules. 
The latter increase gradually in number up the profile fol
lowed by a thinly bedded, lens-like clayey, sandy sequence 
(Photo 5).

The latter is covered by a 8 -10 m thick fluvial cycle fea
turing laminar bedding and some mixed lenses of calcare
ous nodules. Its bottom is built up of sand giving way to 
alternating layers of silt with fine silty sand upward the 
profile.
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50 m further inside the gully, on its opposite side, in 
situ red clay appears overlain by the well-stratified fluvial 
sequence with sharp discordance. Silt prevails in this part 
of the section. A 5-7 m high wall follows above with typi
cal Upper Pleistocene loess. The immediate contact be
tween the sediments has not yet been found.

Summarizing, the oldest fluvial series of Hegyhát hills 
achieve a thickness of 50-100 m in at least two sites, but to 
date are undifferentiated, and any exact stratigraphic re
cords have not been found thus far that would prove their 
age. To our knowledge it underlies the Wiirm loess 
sequence and is underlain over wide areas by Pannonian 
sediments or the Tengelic Formation. At the same time, it 
interdigitates with older loess series which have been 
mapped, but are equally undifferentiated. However, it is 
possible that the oldest layers of the fluvial sequence inter- 
digitate even with the Tengelic Formation. In any case, this 
can be deduced from the geological profile of the area near 
Diósberény (Figure 5).

4.2. Loess sequence

The main part of the surface of this unit is covered by 
thick Upper Pleistocene loess and its eroded and redeposit
ed products. Typical loess (pale-yellow, stable, unstratified, 
including occasionally a limited amount of fine sand, as 
well as calcareous and loess nodules) is found in a multi
tude of exposures in the Hegyhát hills area. Some of them 
include the aforementioned outcrop 15 near Fenyvesmajor, 
outcrop 16 described in the gully near the borehole 
Diósberény-1 A, the stepped pyramid of the one-time brick
yard at Gyönk and the loess escarpment at the southwest
ern edge of Udvari, visible from some distance. The majori
ty of road cuts and caves behind the houses in the Hegyhát 
hills region show the same formation.

As a result of its uplifted position erosion has been 
effective in accumulating a high variety of denudation 
products in the gentle stretches of slopes, gullies and the

hill margins during the Quaternary period. Its slightly 
stratified version can be observed in the pit of the one
time Pincehely brickyard.

Considering both the lithological and geomorphic fea
tures, as well as the Holocene accumulation of Upper 
Pleistocene loess sequences in the Tolna Hegyhát hills, we 
cannot add to the meticulous summary prepared by Á d á m  
(1969).

The two exploratory boreholes (K o l o s z á r  1997, 
M a r si 1997) confirm that older loess sequences also have 
a considerable role in the geological setting. Table 2 sum
marizes the thickness and position of loess sequences 
found in boreholes and one outcrop.

The thickness of Wiirm loess sequences can attain 60 
m (e.g. near the astronomical reference point in the Cser- 
nyéd forest and in the borehole Udvari-2A it amounts to 
60 m and 60.9 m, respectively). Subdivision of the 
sequence was feasible only in boreholes. The loess of Du
naújváros has similar patterns in both boreholes with simi
lar fossil soil horizons.

Field records show similar thickness for the Mende- 
Basaharc loess as well (46.6 m and 38.2 m in Udvari and 
Diósberény boreholes, respectively) with 4 and 5 fossil 
soils. Preliminary results of paleomagnetic measurements 
confirmed the assumption made on the basis of field data 
for the borehole at Udvari. A deviation was recorded in 
the Diósberény profile where the B r u n h e s - M a t u y a m a  
boundary is suggested at 37.8-38.9 m (P. M á r t o n , oral 
comm.). It would indicate that in the surroundings of the 
borehole at Diósberény most o f the Mende-Basaharc 
sequence were eroded.

Considering this new interpretation the thickness of 
older loess sequences drilled by the Diósberény and 
Udvari boreholes proves to be very similar. The same 
applies to the number of buried fossil soil horizons (7 and 
9), which suggests that the two sites experienced different 
Quaternary evolution from the boundary between Middle 
and Upper Pleistocene.
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