
ANN. REP. OF THE GEOLOGICAL INSTITUTE OF HUNGARY, 1996/11. ( 1997)

GEO LO G ICA L EVALUATION O F T H E  UDVARI-2A BO REH O LE

L á s z l ó  K o l o s z á r

Geological Institute of Hungary, 1143 Budapest, Stefánia út 14.

K e y w o r d s :  borehole sections, lithostratigraphy, loess, paleoenvironment, Pannonian, Pleistocene, Pliocene, residual clays, 
sediments. Southeastern Transdanubia

The key geological borehole Udvari-2A is located in the central part of the Tolna Hegyhát hills. Its detailed interpretation yielded 
valuable information on the stratigraphy and the post-Pannonian continental sedimentation regime of this small, geologically little 
known land unit. The borehole cut a thick series of the Tengelic Formation thus far unknown in the Hegyhát, and the overlying, pre
sumably complete sequence of the continental loess sequence. In this sequence each of the three well-known sedimentary periods — 
Paks, Mende-Basaharc and Dunaújváros — is represented by distinct sediments. Stratigraphic data provided by the borehole facilitated 
the drawing up of a more precise picture on the post-Pannonian paleoenvironment and history of the evolution of the area.

1. Introduction

Borehole Udvari-2A (Figure 1) was aimed at getting 
more accurate knowledge on the geological features of the 
near-surface object NE from Udvari. Priority was given to 
understanding the Quaternary formations of the area and 
getting a better insight into its hydrogeological conditions, 
since the eventual disposal facility would be established in 
these formations.

Making use of the results of preliminary field trips, the 
exploratory borehole was positioned 1 km to the N of Ud
vari, in the so called Felső balk belonging to the village. 
Assuming that under the 80-100 m thick Quaternary 
series the borehole would go through a further 50 m in 
the underlying Upper Pannonian, its base was planned at 
150 m depth. Since the Quaternary and Pliocene 
sequences turned out to be thicker than predicted its 
depth had to be increased during the drilling process. The 
modified objective was to advance at least 20 m into the 
underlying Pannonian series. Finally, it was stopped at 
170.4 m depth.

The borehole satisfied the specified requirements. It 
cut the almost 100 m thick Pleistocene sequences, and 
advanced a further 50 m in a continental variegated clay 
sequence so far unknown in the Hegyhát area before enter
ing 20 m into the underlying Upper Pannonian formations.

Generalized description of the borehole:
0.0-0.9 m H olocene: Chernozem-type soil; coffee-

colored, formed on loess, classifiable into 
A and B levels, autochtonous, with pre
dominance of silt.

0.9-97.0 m Pleistocene: loess sequence; three distinct 
series including the Paks, Mende- 
Basaharc and Dunaújváros loess 
sequences with intercalated fossil soil 
horizons.

97.0-150.3 m P liocene — L o w er P leistocene: continental

Figure 1. Location sketch of the borehole Udvari-2A 

1. ábra. Az Udvari-2A fúrás helyszínrajza



variegated clay; predominantly red-brown 
with sporadic occurrences of black man
ganese patches including a significant 
amount of fine sand in its lower part and 
classifiable in 4 distinct series.

150.3-170.4 m M io cen e  (U p p er  P a n n o n ia n ): tidal flat 
series; gray and yellowish-brown in its 
lower and upper part, respectively, includ
ing a variable ratio of sandy silt and sand.

Detailed processing of the borehole and its sampling 
were performed by L. K o l o sz á r  and G y. D o n , respective
ly. Á . J á m bo r  was responsible for the quality control of the 
drilling.

recent soil (1)

standard loess with paleosoil horizons (2a) 

0.85-15.1 m Dunaújváros Loess (2)

standard loess (3a)

standard loess with brown paleosoil horizons (3b) 

loess with horizons o f calcareous concretions (3c)

standard loess (3d)

15.1-61.7 m Mende-Basaharc Loess (3) 

standard loess subdivided by red soil horizons (4a)

loess with horizons o f calcareous concretions (4b) 

red clay with loess intercalations (4c)

61.7-97.0 m Paks Loess (4) 

paleosoil horizon, clay (5a)

continental m ottled clay (5b)

silty, fine-grained clay with upward fining 
grain-size distribution (5c)

fine-grained m ottled sand (5d) 

97.0-150.3 m Tengelic Formation (5) 

sand, silty sand (6a)

silt, sandy siltstone (6b)

150.3-170.36 m Tihany Formation (6)

Figure 2. Schematic column of the borehole Udvari-2A

2. ábra. Az Udvari-2A fúrás vázlatos rétegsora

1 — recens talaj, 2 — dunaújvárosi lösz-összlet: 2a — típusos lösz, fosszilis 
talajzónákkal; 3 — mende-basaharci lösz-összlet: 3a — típusos lösz, 3b — 
barna talajszintekkel tagolt típusos lösz, 3c — lösz mészkonkréciós szin
tekkel, 3d — típusos lösz; 4 — paksi lösz-összlet: 4a — vörös talajszintekkel 
tagolt típusos lösz, 4b — lösz mészkonkréciós szintekkel, 4c — löszbetele
püléssel tagolt vörösagyag; 5 — Tengelici Formáció: 5a — fosszilis talajzó
na, agyag, 5b — szárazföldi tarkaagyag, 5c — felfelé finomodó szemcse
nagyságú kőzetlisztes-finomhomokos agyag, 5d — finomszemcsés tarka 
homok; 6 — Tihanyi Formáció: 6a — homok, kőzetlisztes homok, 6b — 

kőzetliszt, homokos kőzetliszt

Along its whole length the borehole cut continental 
and marine sedimentary formations classified lithological
ly first of all upon grain-size distribution. Since borehole 
samples have not yet been subjected to laboratory analyses, 
lithological description was based on visual examination.

According to the age classification of the profile, the 
time-scale approved by the Stratigraphic Committee of 
Hungary was adopted. Consequently, the Upper Pannonian 
sedimentary series is considered to be of Miocene age.

2.1. M iocene (U pper P a n n o n ia n ) fo rm a tio n s .
The T ih a n y  F orm ation

Upper Pannonian sediments were cut by the borehole 
from 150.3 m down to the bottom at 170.4 m (Figure 2, 6). 
The upper boundary of the shallow marine series was 
defined proceeding down the profile at the first appear
ance of the sedimentary feature characteristic of this depo- 
sitional environment, namely the thin bedding.

The Pannonian sequence is made up of fine-grained, 
clastic sediments. The lower 13 m is composed of compar
atively homogenous gray silt and clayey silt. In the upper 7 
m segment its color turns light brown with a slight red tint 
due to dispersed limonite with the alternation of coarser 
and finer laminae. This level is built up of fine sand, silty 
fine sand, silt and clayey silt arranged in layers and lami
nae. The upper segment is well-stratified with predomi
nantly parallel but occasionally cross bedding. Addition
ally, the lowermost 4 m thick part of the profile reveals 
lenticular bedding and traces of mud slumping, as well as 
rock fragments. The first fossil-bearing horizon was also 
discovered in this lower section: at 169.30 m mollusc shell 
fragments similar to accumulated lumachelle were 
observed. Among the fossils only C ongeria rh o m boidea  was 
identifiable. Generally speaking, the whole Pannonian 
sedimentary series is slightly cemented.

The predominantly fine-grained sediments and stratifi
cation patterns of Pannonian deposits bear witness to a 
calm sedimentary environment. They were only occasion
ally broken by periods characterized by higher energy con
ditions indicated by traces of mud slumping, rock frag
ments and accumulated mollusc shell fragments.

2.2. P liocene — Low er P leistocene fo rm a tio n s .
The Tengelic F orm ation

The continental clastic sediments of the Tengelic 
Formation were cut by the borehole in the depth range of 
97.0-150.3 m (Figure 2, 5). This section can be subdivided 
in 4 parts based on lithological features as follows:
1. Betw een 1 4 5 .8 -150 .3  m  well-sorted, poorly rounded fine

grained sand and silty fine sand can be observed rich in 
mica. This segment of the profile exhibits no stratifica
tion at all, being the most homogenous one within the 
continental series. The sediments’ color was the only 
feature by which the layers could be separated. It 
changes from red-brown to light- and grayish-brown 
down the profile. Red and brown stripes and patches are 
caused by an enrichment in dispersed limonite and man
ganese. This fine-grained sand horizon is poorly com
pacted and not cemented.
J á m b o r  (1997) suggests that this part of the profile 
could still well be assigned to the underlying Upper



Pannonian sequence, but we believe that its homoge
nous and unstratified nature bears witness to its redepo
sition in the continental period following the Pannonian 
sedimentation.

2. Between 130.1-145.8 m an intermediate, transitional part 
of the fining upwards clastic sequence can be identified. 
The fine sand fraction is still well represented, beside 
clays and silts. In this sense, its upper boundary can be 
denoted at the occurrence of the last, slightly mixed fine 
sand layer upward the profile. In this section the alter
nation of clay, silty clay, clay with fine sand and silty 
fine sand is prominent. The entire sequence is unstrati
fied, homogenous, and the margins of layers show a 
continuous, transitional character. Apart from the litho
logical composition, the color shows equally diverse pat
terns. The basic tints include light-brown, yellowish- 
brown with dark-brown-black stripes and patches. Dark 
brown patches result from the increase in manganese 
content which is dispersed all over this section with 
occasional, local enrichments. Sporadically, 1-5 mm 
spherical black manganese pisoids occur as well. 
Precipitated manganese can be found in layers forming 
the darkest horizons of the sequence. The whole section 
is strongly compacted, cemented, and exfoliated after 
drying and has a mosaic-like, clod-like jointing.

3. Between 103.0-130.1 m a comparatively homogenous 
variegated clay series can be seen in the profile. It can 
be regarded as unstratified, and the subdivision in layers 
is based upon color changes with two sites presumably 
representing structural boundaries. In the depth range 
between 108.8-118.5 m beds are separated along irregu
larly striking planes dipping 45-50°, and featuring 
bright, parallel and almost vertical traces of sliding and 
striation. Its color ranges from light-brown through red- 
brown to dark-brown. Dark-brown-black and dirty-white 
patches are characteristic for the whole section. The lat
ter is caused by weathered, dispersed calcareous nod
ules having blurred contours, whereas dark-brown tints 
are the result of occasional enrichment in manganese 
which sometimes forms individual layers. The sequence 
is strongly compacted in a wet state, exfoliates when 
drying and falls apart in clods.

4. Between 97.0-103.0 m the final member of the continen
tal clastic series is seen. This level can be interpreted as 
a fossil soil horizon bearing in its lower 0.5 m part a 
band of lime accumulation. The formation has a red- 
brown color with gray, greenish-gray patches. Litholo
gically, it is a mica-free clay with sporadically distributed 
calcareous nodules. The level of lime accumulation has 
a light-brown color with white patches dominated by 
weathered, slightly cemented calcareous nodules. 
Jámbor (1997) assumes that the. upper boundary of the 
continental clastic sequence can be traced at 101.2 m, 
approximately in the middle of the horizon described by 
us as fossil soil.

2.3. Pleistocene formations

In classifying the profile in the interval between
0. 85-97.0 m we followed the guidelines of Jámbor (1997)
subdividing the continental formations after P écsi (1975).
Consequently, the loess sequence can be divided into three
parts:
1. Between 61.7-97.0 m the Paks loess sequence can be 

identified (Figure 2, 4). The three thick vivid-red fossil

soil horizons developed at the base of the series can eas
ily be correlated with the lowermost three red clay hori
zons of the section in the Paks brickyard. In the bore
hole at Udvari the first horizon immediately overlying 
the Tengelic Formation is the most prominent among 
them. It is a 6 m thick vivid-red silty clay, bearing spo
radic manganese pisoids. Below, its lime accumulation 
level, slightly destroyed by drilling can also be identified 
in 0.3 m thickness overlying directly the variegated clay 
sequence. Some 7 fossil soil horizons were differentiat
ed in the sequence correlating with the Paks sequence. 
Under the topmost and the two lowermost ones their 
0.2-0.4 m thick horizons of lime accumulation and 
cementation can also be recorded. The color of the 4 
uppermost soil horizons is not vivid-red anymore, but 
red-brown and brown. The fossil soil levels are strongly 
compacted, homogenous and unstratified.
Loess horizons not affected by soil development vary in 
thickness between 1-7 m. They are essentially made up 
of pale-yellow, dirty-yellow, yellow sediments but two 
levels are ochre with brown patches. They represent 
transitional zones under and between fossil soil hori
zons. Brown patches result from reworked pisoids. 
Lithologically, the loess is homogenous silt with minor 
fine mica content, subdivided by levels o f calcareous 
nodules. Calcareous nodules occur dispersed all over 
the loess sequence but occasionally they form layer-like 
intercalations. The nodules vary in size between 1-8 
cm. They feature a micro-crystalline texture, and they 
are hard and well-preserved. Between 90.2-90.35 m a 
strongly cemented calcareous intercalation of concho- 
idal fracture is embedded in the loess sequence. Except 
for its lime-enriched layers, the loess is unstratified, well- 
sorted, medium-compacted and cemented, hardening 
when drying. Only one formation has thus far been 
found in the entire loess sequence which accumulated in 
a reducing environment on a surface covered by water — 
the so-called “paludal loess”. It is represented by a light- 
gray, medium-compacted, unstratified, homogenous, 
well-sorted, mica-free silt intercalation traceable 
between 61.7-62.6 m on top of the section correlating 
with the Paks sequence.

2. Between 15.1-61.7 m the section of the profile can be 
correlated with the Mende-Basaharc loess sequence 
(Figure 2, 3). Typical loess predominates over this thick 
sequence. A 15.9 m and an approximately 20 m thick 
remarkably homogenous loess sequence formed on its 
base and top, respectively.
The middle section between the two loess horizons 
shows more diversity, bearing four distinct fossil soil 
horizons. Of them the lowermost member is the most 
prominent. It is more than 2 m thick, and it is the upper
most paleosol that is still red-brown. The other three are 
thinner having a dark-brown color with yellow patches. 
Lithologically, all of them can be classified as mica-free 
silty clay. Although explicit, cemented levels of lime 
accumulation are missing, but the formation between 
the uppermost two horizons features enrichment in lime 
between two paleosols. Calcareous nodules occur in 
greater number from this level down the profile but they 
form layers only in this middle part of the section.
Thick, homogenous typical loess series are pale-yellow, 
grayish-yellow bearing tiny, dark-brown manganese dots 
and white calcareous veins and flakes. They are made 
up of slightly or medium-micaceous silt with a very lim-



ited number of tiny calcareous nodules. The formation 
is well-sorted, homogenous, unstratified with no appar
ent variations in grain-size pattern. In a wet state the 
loess is characterized by a very high plasticity, but disin
tegrates when dried.
Beside typical loess a thin, ochre version occurs forming
0.5-1 m thick intercalations. 2-5 mm dark-brown patch
es with blurred outlines occur in the loess characterized 
by a pisoid texture and result from the weathering of 
redeposited rock pisoids.

3. Between 0.85-15,1 m the section of the profile can be 
correlated with the Dunaújváros loess sequence (Figure 
2, 2). It bears two fossil soil horizons, a 0.7 m thick one 
on its base and one twice as thick, 2 m up the profile. 
They are dark-brown, loosely compacted and friable. 
The lower soil horizon gave rise to a 0.4 m thick cemen
tation zone incorporating 1-2 cm calcrete nodules with 
a regular distribution. It is a slightly micaceous silt.
This section of the loess series is closed by a 10 m thick, 
homogenous, unstratified, medium-micaceous, well-sort
ed silt layer of pale-yellow, dirty-yellow color bearing 
brown manganese and reddish limonite dots and occa
sionally calcareous veins.

2.4. Holocene formations

The recent soil level was recovered from the borehole 
between 0.0-0.85 m (Figure 2, 1). It is represented by cof
fee-colored, friable, disintegrating chernozem-type soil rich 
in humus and deriving from slightly micaceous silt. Its 
lower part features the poorly developed horizon B.

3. Sampling and tests

The borehole U -2A  was designed as a geological key 
borehole to be used for relevant laboratory tests. Samples 
were taken following detailed geological processing and 
photo documentation. Borehole samples are to be subjected 
to grain-size analysis, both composition and distribution, 
carbonate content, micro-mineralogical features, chemical 
composition, trace element content, as well as to thermic, 
X-ray, paleontological (malacological) and geochemical 
tests.

The method applied for completing the borehole Udva- 
ri-2A — cored borehole with washing — prevented us from 
taking samples for two very important tests. To make up 
for this deficiency a 33.6 m deep dry cored borehole 
(Udvari-2B) was implemented in its immediate vicinity 
aimed at taking undisturbed samples for engineering geo
logical tests, as well as for tritium analyses.

T he complex geophysical log of the borehole Udvari-2A 
(Kasza et al. 1996) correlates perfectly with the section 
prepared by the geological description. Log curves and the 
precise geophysical section provide an excellent opportuni
ty for comparison with the detailed geological documenta
tion enabling an integrated interpretation to be made.

On the curve of real resistivity almost all of the 13 fos
sil soil horizons of the loess sequence can be identified. 
The only exceptions are layers 4, 17 and 32 between 
9.8-11.4 m, 41.0-42.2 m and 79.5-80.0 m, respectively. 
Slight fluctuations within the generally homogenous pat
tern of the curve in the Tengelic Formation refer to some 
small changes in composition. A distinct anomaly can be 
recognized at around 145 m indicating the 5 m thick

homogenous sand bed. Resistivity decreases again at its 
bottom, then it fluctuates around a higher value in Upper 
Pannonian sediments.

Paleosols appear even more markedly on the curve of 
magnetic susceptibility but also with some exceptions. As 
above, the upper soil horizon is missing, and layer 24 be
tween 63.6-64.5 m is not visible either. All of the remain
ing ones appear at their correct place. Serious fluctuations 
can be observed even within the Tengelic Formation 
around a lower value, decreasing at a sandy sequence at 
145.0 m to a point where it cannot be represented to scale 
anymore. Susceptibility of Upper Pannonian deposits fluc
tuates around a value similar to that of the loess sequence.

The fine pattern of the curves of micro-resistivity and 
their sudden increase within the loess series mark precisely 
the thin levels bearing calcareous nodules and in particular 
in the lower part of the formation featuring an increase in 
their number. Within the Tengelic Formation the curves 
show a homogenous fluctuation but they distinctly indi
cate the sand bed on the basis of the sequence. They fea
ture strong fluctuations in the upper part of Upper Pan
nonian sediments becoming more uniform in the lower, 
more homogenous section.

Impermeable components, pore volume and changes 
in the ratio between the silt and sand fractions within the 
loess sequence prove a good correlation with the geologi
cal record from the sixth fossil soil horizon down the pro
file indicating an increase in clay ratio in the paleosols in 
the lower section. They reflect an average high clay ratio in 
the Tengelic Formation and — around 145 m — a sudden 
drop in clay content. In Upper Pannonian sediments the 
curves refer to a similar composition with the upper loess 
sequence.

Distinct anomalies of the natural gamma profile at the 
paleosol horizons 5 and 6 between 41-46 m are linked to 
those levels of the Tengelic Formation extremely enriched 
in precipitated manganese.

The curves of induced polarization and natural poten
tial show the best correlation with the paleosol horizons of 
the loess sequence, as well as with the clayey series of the 
Tengelic Formation. Both of them indicate the lower sandy 
section as well.

Variations of the curves of density and porosity can 
easily be interpreted using derived diagrams of the imper
meable constituents, pore volume and the ratio of silt and 
sand fractions.

In all, geophysical logs show good correlations with the 
geological record. They clearly reflect both the thin, inter
calated levels — e.g. paleosol horizons, layers of calcareous 
nodules — and major trends as well.

On the basis of subsequent sampling P. Márton (Eöt
vös Loránd University, Faculty of Geophysics) performed 
the paleomagnetic investigation of the formations. Ac
cording to oral communication the Brunhes-Matuyama 
boundary can be traced between 71-72 m corresponding 
to the time period between 690,000-700,000 years. In 
agreement with archive data (P écsi 1975) this boundary 
can be identified in the borehole U -2A  within the Paks 
loess sequence as well.

4. History of geological evolution

The oldest deposit recovered by the borehole Ud- 
vari-2A is the Upper Pannonian Tihany Formation. Facies
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interpretation and formation assignment of this sequence 
cut merely on a 20 m long section cannot be accomplished 
without using the geological record of lignite exploratory 
boreholes drilled in the area (K o r pá s -H ó d i 1978). The 
exploratory boreholes U dv ari-1, Belecska-1 and Nagy
székely- 1 hit only some thin lignite interbeds. It can thus 
be suggested that the near-surface Upper Pannonian 
sequence of the area corresponds to the Tihany Formation 
older than the lignite-bearing Torony Formation.

The faunal association of the Upper Pannonian indi
cates a shallow water, coastal, brackish water facies with 
some freshwater patterns. An agitated, airy shallow water 
environment rich in oxygen alternated with stagnant water, 
lacustrine features turning occasionally to paludal. The 
accumulated fauna indicates that faunal remains were dis
tributed as a function of the water’s dynamic energy. The 
only faunal horizon of the borehole Udvari-2A bears the 
Congeria rhomboidea lumachella and is an indicator of 
changes in the energy pattern only, and of no use for mak
ing to stratigraphic conclusions.

Supported only by the faunal association, the question 
of which section of the sequence the borehole cut, remains 
unanswered since the fossils provide insufficient clues for 
exact leveling. Consequently, we do not have any paleonto
logical records available indicating the missing part of 
Upper Pannonian formations or how much of them were 
later eroded in the terrestrial environment.

In a previous report ( C h ik á n  et al. 1996) we advanced 
the idea that young, post-Pannonian tectonic events in the 
area can be traced using the different altitude of the Pan
nonian surface of the related regions. The accuracy of this 
geological evidence is not, however, unambiguous consid
ering the uncertainty of the correlation between the geo
logical records of earlier boreholes. The correlation of Pan
nonian deposits with the boreholes in the area is of 
supreme importance for paleomorphic reconstruction, is 
feasible only through a comparison with the related geo
physical logs. Since the sampling of the hydrogeological 
exploratory boreholes used drilling chips, the documenta
tion is rather sketchy, therefore geophysical profiles offer 
the only reliable data source.

Following the filling of the Upper Pannonian tidal and 
delta flats the area was the scene of continental denuda
tion. The only clue for defining the length of the erosional 
period in different areas is provided by the thickness of the 
layer in the upper part of the Pannonian sequence subject
ed to secondary oxidation. It seems to be certain that the 
thicker the oxidized zone is, the longer the denudation 
took and the later the sequence was buried. These intense

changes in color were also reported by JAmbor (1997) not
ing that “where the Tengelic Formation is missing and 
therefore Upper Pannonian sediments are overlain imme
diately by younger Pleistocene deposits, this transformed 
zone is significantly thicker”. The oxidized layer proved to 
be 7.0 m thick in the borehole Udvari-2A referring to a 
comparatively short period of discordance.

Tengelic Formation cut by the cored borehole Udva- 
ri-2A  between 97.0-150.3 m accumulated in the deposi- 
tional basin resulting from the post-Pannonian denuda
tion. This continental series is of eluvial-deluvial origin. It 
was thus formed in one time depressions through in situ 
weathering or reworking on slopes. Changes in its litholo
gy were governed by the structure of the one time sur
rounding denudation landscape. The fining upwards grain- 
size pattern reflects lithological changes in the Upper 
Pannonian sediments which serve as parent material.

Variegated tints result from climatic changes during 
accumulation. The alternation of warm and dry periods 
with cold and wet seasons triggered a fluctuation in redox 
potential bringing about the variegated character o f the 
sequence. Dark-brown-black zones and “layers” formed 
under most oxidized conditions facilitating the local, layer
like precipitation of manganese oxide.

In the absence of paleontological and paleomagnetic 
records we can put forward only suggestions considering 
the age of the Tengelic Formation. Adopting the Miocene 
age of the Tihany Formation and considering the afore
mentioned comparatively short discordance period, it can 
be stated that the formation of the sequence already start
ed in the Pliocene and passed even through the Pleisto
cene. On the basis of the paleosol horizon developed on 
top of the sequence in the borehole Udvari-2A, another 
discordance can be suggested between this formation and 
the overlying continental loess sequence. Similarly to its 
base, the magnitude of the discordance is uncertain.

We can draw thus the conclusion that the continental 
loess sequence discordantly overlies the more or less 
smooth Pliocene — Lower Pleistocene surface. As com
pared to the boreholes in its vicinity, the borehole Ud- 
vari-2A yielded the most complete record of Pleistocene 
series. Loess started to form there already in the Middle 
Pleistocene and it was not finished until the end of Late 
Pleistocene. The 96 m thick loess sequence is subdivided 
by fossil soil horizons featuring a mostly destroyed struc
ture. The first of them is the oldest and thickest, developed 
on loess-derived parent material featuring the most prominent 
characteristics. Altogether, 13 fossil soil horizons were dis
tinguished in the borehole within the loess sequence.
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