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CHAPTER 1.

Introduction and aims

Today’s climatic changes make researches that process and model processes in the past
increasingly important. Loess and loess-like sediments are the most important preserves of the
changes that took place in the recent past — Quaternary period. By examining them in sufficient
detail, we are able to examine the paleoenvironment and the factors influencing it at a resolution
of decades to centuries. A large percentage of Hungary’s surface is covered by loess or loess-
like formations, however, it is possible to study them in walls mainly along the Danube, and

most of them have already been the subject of research.

The loess is a yellowish-brownish sediment, which accumulates nearby to periglacial
territories during glacial periods, mostly made of medium and coarse silt (Pye, 1995). As the
dust falls, it conserves all the fauna and flora it covers, which helps us to investigate for example
Molluscs. From Molluscs, we can infer the vegetation cover nearby, as well as the average
temperature prevailing in the given period and of course, we can use the Molluscs shells to
measure radiocarbon ages. In the warm periods, the dust falling slows and the soil formation

prevails.

During my research, different loess-paleosol sequences were investigated, including
some new sequences, which were not described before. The first aim was to (I) compare
different chronometric methods (radiocarbon, OSL) in one sequence. The next one (II) was to
investigate the Pécel site weathering degree after the first sampling period with geochemical
indices. These geochemical measurements also showed that (III) there is a change in the source
of the dust. After the weathering degree has been identified, the whole 26 meters high sequence
was sampled and the whole grain size distribution was revealed. There were 20 radiocarbon
measurements were made and the whole sequence was measured with magnetic susceptibility.
It occurred from all these relative and absolute ages that the Pécel sequence started to
accumulate (I'V) at least in the Middle Pleistocene (between 300-400 ka.). After all, three more
sequences were sampled in the Tolna hills of the Transdanubian region. These sequences were
smaller, between 6-12 meters, so there were no preliminary weathering investigations. During
the results processing, it occurred that there is a dominant difference between the north-eastern
and the south-western sequences grain size distribution. With all the five sequences data (V)
the difference in wind directions became apparent. The prevailing wind direction in the

Carpathian Basin is western-northwestern, but the coarser grains in some sequences shows that
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there was a period when this direction was opposite, south-southeast. In the Bodrogkeresztar
and Pécel sequences there were no well-developed paleosol layers, but in the Transdanubian
sequences 1-3 meters thick paleosols were described which (VI) can be explained by the

regionality of hilly areas.

To investigate all these results, grain size distribution, loss on ignition, geochemical
investigation (XRF), magnetic susceptibility, chronometric analysis (radiocarbon and OSL
ages) were performed. From the chronometric data there were age-depth models and

accumulation rates were made and calculated.
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MAR comparisons between different chronometric methods for two profiles
in the Bodrogkeresztur area

Laszl6 Mako6, David Molnar, Péter Cseh, Pal Siimegi
Abstract

The deepening and exploration of the loess-paleosol section at the foot of the Kopasz
Hill at Bodrogkeresztur have been carried out to expand the existing knowledge of the
Carpathian foothill paleoenvironmental factors and their impact. The study deals with particle
size analysis, organic matter, and carbonate content. For the presentation of age-depth models,
the OSL dates of Bodrogkeresztir (BKT) and the '*C dates of Bodrogkeresztir, brickyard 1
were used-, and the diagrams of the Accumulation Rates (AR) derived from them. These were
compared with Mass Accumulation Rate (MAR) calculations based on OSL and '*C data from
BKT and '*C data from Bodrogkeresztur, brickyard 1. It became evident that there is a
significant difference between the two sections, which may be due to the upland position, the

overlap, or the wind tunnel effect.

Sedimentological studies revealed coarser grain composition, however, the nearly
complete absence of coarser sand fraction is also noticeable in the case of BKT. Also, the entire
section is characterized by increased carbonate content due to post-sedimentation processes,
recarbonization and leaching. The AR and MAR results show the difference between the
suitability of different chronometric methods, indicating that the top of both sections may have

been redeposited or eroded.

I1.1. Introduction

The loess-paleosol profile of Bodrogkeresztar (BKT; Bosken et al. 2019) (Fig. I1.1),
located near Bodrogkeresztur in the north-eastern part of Hungary at 48° 8” 50” N and 21°21°
49” E, was modelled in 2014 by a German-Hungarian research team (University of Aachen and
University of Szeged). The primary purpose of sampling and analysis was to supplement the
previously surveyed area with data from a new section (Stimegi and Hertelendi, 1998; Siimegi
and Rudner, 2001; Stimegi and Krolopp, 2002; Stimegi, 2005; Schatz et al., 2011, 2012, 2015;
Stimegi et al., 2016). The previously investigated Bodrogkeresztur, brickyard 1 profile — which
radiocarbon data was also used to create an age-depth model and MAR for the comparison —,

is located 100 meters away from this new site. With the use of these two sections we aimed to



compare the AR, MAR and the usage of age-depth models with different chronometric methods

on these two profiles.

As a result, a summary article was published in 2019, in which the authors discuss the
chronological, sedimentological and geochemical parameters and features of the section
(Bosken et al., 2019). To complement these assays, new assays such as organic and carbonate
contents (LOI — loss on ignition; Dean, 1974), particle composition analysis, age-depth model
and accumulation rate diagrams were made. The samples were taken in 4 cm resolution, from

the 592 c¢cm high wall, resulting 148 samples, but the uppermost 8 cm was not sampled.

For the study, the research team obtained three OSL dates, which can be used to produce
today's depth models which show only a low degree of accuracy. Thus, we used the radiocarbon
dating of the Bodrogkeresztur, brickyard 1, similar to BKT, which was previously explored in
its structure and composition to make the model. Neither the Bodrogkereszttr, brickyard 2
would have been suitable because of its diverse composition, nor the Henye Hill section -which
is a typical locality of Gravettian culture where minor scattered bone and silica fragments were

found (Siimegi et al., 2016) with its only one piece of radiocarbon dating.

21°20'E

Kopasz Hill
O Sites
B Cities

Rivers

Altitude

 High : 2921
bt
—

- Low : -52

200

Fig. I1.1 The position of the Kopasz Hill in the Carpathian Basin (1. BKT, 2. Bodrogkeresztur-Henye, 3. Tokaj,
Patko quarry, red dot: Bodrogkeresztur, brickyard 1; modified after Bosken et al. (2019)

I1.2. Methods

The particle size analysis of the samples collected from the BKT section was carried out
based on the method of Bokhorst et al., 2011. Organic and carbonate matter values were

obtained by using the Dean weight loss method (LOI; Dean, 1974). Measurements were made
10



with the Omec Easysizer 20 Laser Sedigraph and with a furnace at the Department of Geology
and Paleontology (University of Szeged). The values of the laser sedigraph are plotted on a
100% stacked graph divided by the particle size ranges of the Wentworth scale (Wentworth,
1922). By analyzing the particle fractions in the diagram, the positions of loess and paleosol
horizons can be observed. In loess-paleosol profiles, increased organic matter content may
represent paleosol horizons, as the result of the organic matter enrichment processes of
pedogenesis. At the same time the weathering results a decrease in carbonate content. Therefore,
carbonate accumulation zones appear due to the development of advanced paleosols

(Dokuchaev, 1879; Ding et al., 2001).

I1.2.1. Absolute dating

Knowledge of the ages is essential for the timely placement of the section and thus for
correlation with each other (Stimegi, 2005). Two age determination methods were used on the
examined segment, OSL (optically stimulated luminescence; Huntley et al., 1985) from three
depths and radiocarbon dating from one (Bosken et al., 2019). For the BKT OSL measurement
methodology see Bosken et al. (2019). The radiocarbon ages from the two sections were
calibrated using IntCall3 calibration curve with OxCal (Bronk Ramsey and Lee, 2013) and
Calib 7.10 (Stuiver and Reimer, 1993) softwares. OSL measurements are reliable for up to

350,000 years and can vary by up to 5-10% (Rhodes, 2011).

11.2.2. Age-depth models

There are many age-depth models, from simpler (linear interpolation) to more complex
ones. The essence of each model is to plot the values between the measurement points according
to the given calculation method (Bennett, 1994). In the simplest approaches, sediment
formation is uniform between the measured points, but this is not the actual case either since
the rate of sediment accumulation is fluctuating. Therefore, models that rely on historical error
values also consider previous data. The models were constructed with Bacon (Blaauw, Christen,
2011) program, used Bayesian MCMC (Markov Chain Monte Carlo) calculations. Both models
were calculated in 4 cm sections, as the samples were taken and 100% of the results were fit in
the 9% confidence interval (CI) ranges. In the BKT case, only the OSL ages were used, because
the upward aging was distorted the result. In 592 cm, 149 sections were calculated by 33.22
mln iterations. At the Bodrogkeresztur, brickyard 1 profile, the 700 cm resulted 176 sections by
39.16 mln iterations. The OSL and IRSL dates do not require calibration, but the uncertainty of

the absolute dates obtained from them greatly influences the accuracy of the model. From this
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point of view, both OSL and IRSL (post-IR IRSL) measurements are unsuitable for making this
type of model.

11.2.3. MAR calculation

By calculating the MAR (Mass Accumulation Rate), it shows the extent of
sedimentation between two ages, considering the height of the section, sample density, and

fraction size. Method of calculation:

gramm
MAR = LSR - pary * feol [m

The LSR (Linear Sedimentation Rate) in the formula gives the thickness of the sediment
formed over time (m a-1). The pary is the dry bulk density (g m™), which for loess sediment is
1.5 g cm-3 according to Ujvari et al. (2010). The feol parameter is the mass concentration of
aeolian materials (Kohfeld and Harrison, 2001), which in case of loess is 1. The final result is

obtained with the dimension g m? a’! (Ujvéri et al., 2010; Siimegi et al., 2016, 2019).

I1.3. Results

Since the predominant particle size range of loess is medium and coarse silt (Pécsi,
1993), these fractions are present in the graph in increased amounts, whereas the increas of clay
fraction is due to postgenetic processes. The presence of smaller grain fractions compared to
sand may indicate weathering, but higher sand content may be a signal of a change in the energy

of the transportation material (Pye, 1995).

I1.3.1. Particle composition

In the publication of Bosken et al. (2019), based on grain composition results, the BKT
profile was divided into 4 parts, which, can be further subdivided into a minimum of 7 (Fig.
I1.2). The lowest of it, between 570-592 cm is a lower clayey fluvial sediment with high organic
matter content (4%) and carbonate (7-8%) values. The part between 400 and 570 cm is an
advanced paleosol with upwardly increasing organic matter content (from 2.5 to 3.5%) and a
significant proportion of coarse grain size (between 23-32%). Besides, loess aggregates appear
between 520 and 540 cm. The next part (340-400 cm), which is a loess body, is marked by a
coarser grain size upwards, with the highest fraction of sand (~15% very fine sand and ~0.5%
fine and medium sand) in this section. Based on the increasing carbonate and decreasing organic
matter values, this horizon may have been the carbonate accumulation zone of the poorly

developed paleosol above it.
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Between 270 and 340 cm in the loess body, a poorly developed paleosol can be defined

according to the granular refinement, the increasing of organic matter and the decreasing of

carbonate content. Above, between 240-270 cm a peak of organic matter with almost 3%, can

be found. Between 70-200 cm a homogeneous loess body with low sand content (5-10%), 2%

organic matter and 3-4% carbonate content can be defined. The upper 70 cm is loose soil, where

both organic matter, grain size increase upwards and carbonate also increases till the top 16 cm,

when it decreases due to leaching.
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Fig. II. 2. Sedimentological (left) and LOI (right) results of the BKT section
I1.3.2. Age-depth models

Table II. 1. OSL and radiocarbon data from BKT and Bodrogkeresztur, brickyard 1 sections

Profile Depth OSL ages Uncal age Cal BP age Lab code
(cm) (ka) (years) (years)

BKT (Bosken et al. 2019) 169 28000+£2.1 - - C-L3799

BKT (Bosken et al. 2019) 290 29500+2.2 - - C-L3797

BKT (Bosken et al. 2019) 427 33500+2.5 - - C-L3795

BKT (Bosken et al. 2019) 451 - 2458090 286104232 Beta-
' 454081

Bodrogkeresztir, brickyard 11455 ;5 - 15388147 18633+305 | Deb-4358
(Stimegi, 2005)

Bodrogkeresztir, brickyard 11 355 35 - 19813170 238854421 | Deb-4335
(Siimegi, 2005)

Bodrogkeresztir, brickyard 11 554 5o - 268514398 | 30895647 | Deb-3049
(Stimegi, 2005)
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For the profiles, shown in Figure I1.3 and I1.4, age models were constructed using Bacon
(Blaauw and Christen, 2011) program to obtain minimum, average, and maximum
accumulation values per centimeter, and the charts were created with Grapher. Figure I1.3 shows
the section of BKT, including the OSL and the radiocarbon ages (Table II.1), but the model was
generated only by the OSL data which cause the homogeneity, because of its high (approx.
10%) error values. The mean accumulation is 0,49 mm/year, but the CI in one point reaches the

2 mm/year maximum value.

Ages (ka) Bodrogkeresztur
0 | z
2
50 — i
Z ~ 26000
100 E
1 -
150 4 | =
Il 280021 — %
3 — 28000
200 — (il g.
e e =
£ 250 — [EaS g
O — = =
£ 300 — 295122 —=§ g
+ <
5 §
a =
350 — E
z - 32000
400 — 5
33.5+2.5 g
450 — 28,610 z
+232 i - 34000
500 — cal. BP :
. =
=
550 — j
< — 36000
I | B I T | | 1 T T
02 04 06 08 i 12 14 16 18 2 2,2
Acc. rate (mm/year)
Wl Loess B Recent soil 95% Conf. int.
Bl ralecosol == Fluvialclay  e==== Mean value
Bl ralosol with loess aggregates

Fig. II. 3. BKT section with its OSL and radiocarbon dates and accumulation rate diagram
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In contrast, on Figure 11.4 (Bodrogkeresztir, brickyard 1) a more differentiated
accumulation diagram can be observed. Its mean value is 0,28 mm/year which is almost half of
the BKT’s result. Usable information about the accumulation cannot be obtained from the lower
loess body, because of the absence of any age data. The accumulation of the upper loess body
is a little higher than the mean (~0,29 mm/year) but between 18,000-24,000 cal. BP yr. a more
dominant, 0.34-0.36 mm/year rate appears. Above that, the accumulation falls back to 0.23-

0.24 mm/year.
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Fig. 11. 4. Bodrogkeresztur, brickyard 1 section with its radiocarbon dates and accumulation rate diagram
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I1.3.3. MAR values

The MAR values nuances the AR values because, based on the models, we can separate
the loess bodies, and we will be able to examine them separately. The MAR table of BKT (Table
I1.2) was compiled from the OSL data, where we can see the same high accumulation results as
in Figure I1.3. In the upper loess body, we can see a similarity between the AR and MAR values,
but there is still a difference. The AR rates here between 0.45-0.56 mm/year, which means 671-
843 g m? a’! dust accumulation. In the lower part a 0.49 mm/year accumulation can be seen,

which meanss 738 g m™2 a’! dust.

Table II. 2. MAR results of the BKT section

Age (yr BP) Depth (cm) SR (cm/year) p (g/cm®) feol MAR (g/m?*age)
25744 70 (bottom of i i i i
recent soil)
28000 169 0.045 15 1 671
29797 270 (bottom of 0.056 15 1 843
the upper loess)
29500 290 - - - -
31219 340 (top of the i 15 1 i
lower loess)
32439 400 (bottom of 0.049 15 1 738
the lower loess)
33500 427 - - - -

Table 3 shows the MAR of the Bodrogkeresztur, brickyard 1, the ages for which were
obtained from radiocarbon measurement. Here we have two ages from the upper loess body
and one from the charcoal rich paleosol (Fig. 11.4.), in absence of any age data, there is no
information about the lower loess body. From the bottom to the top, we can see an increase in
the middle of the loess body, but here the maximum AR is reaching the 0.38 mm/year, which
means 571 g m-2 a-1 what is still lower than the lowest amount of dust in BKT (Table II.2).
The lower values similar or a little smaller to the AR, between 0.23-0.246 mm/year, which

means 345-370 g m-2 a-1 dust accumulation.
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Table I1. 3. MAR results of the Bodrogkeresztur, brickyard 1 section

Age (cal. BP) Depth (cm) SR (cm/year) | p(g/cm®) | feo | MAR (g/m?*age)
13717 25 (bottom of recent soil) - - - -
18633 138 0.023 15 1 345
23885 338 0.0381 15 1 571
30461 500 (bottom of the upper loess) 0.0246 15 1 370
30895 513 - - - -

I1.4. Discussion

The zones, delimited by the grain composition and the LOI examination show a high
degree of coincidence, with unusually high clay content and low carbonate content in the entire
section compared to loess. The difference between these two factors suggests that the material
of the section is slightly weathered, since the fine effect of weathering and the decarbonisation
caused by the lower pH increases the proportion of fine particles and decreases the carbonate
content (Bohn et al., 1985; Ding et al., 2001; Molnar, 2015). Furthermore, the two studies
support the hypothesis that the dark, clayey sediment on the underside of the section may have
been of fluvial origin (Bosken et al., 2019), since high clay accumulation and high organic and
carbonate content presuppose a fluvial sediment formation environment (Molnar, 2015; Molnéar
and Stimegi, 2016). The grain composition of this fluvial sediment is also distinct from that of

the recurrent soil and the paleosol layers.

The large difference between AR and MAR values is also partly explained by the upland
position of the BKT section, which may result in higher accumulation values. Besides, the wind
tunnel phenomenon assumed by the research team, may also increase the accumulation. It is
also indicated that the Upper Tokaj Fossil Soil Horizon, which is a charcoal rich paleosol
containing Gravettian artefacts (Stimegi et al., 2016), does not appear in the surveyed section.
Furthermore, 5,000 years of rejuvenation can be observed between the lowest OSL and the

deeper radiocarbon values.

Comparing the AR values from the models and the MAR values derived from the ages
and the models also, nuances of difference can be seen in both sites. As long as the AR values
(Fig. 11.3.) totally uniform, the MAR values show changes in the accumulation inside the upper

loess body (0.45-0.56 mm/year instead of 0.49), in the case of BKT. In the lower loess body,
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there are no further differences in accumulation. In contrast, in the case of Bodrogkeresztur,
brickyard 1, the AR and the MAR values almost the same, an increase in the accumulation can
be observed from the bottom to the top. Based on the MAR, higher maximum accumulation
value (0.38 mm/year instead of 0.34-0.36) can be seen. In absence of any age data, there is no
information about the lower loess body. From the first MAR values of Table 2 and 3 and the

ages it can be assumed that the top of the upper loess site is eroded or redeposited.

More accurate conclusions could be obtained by measuring and examining the
radiocarbon dates of the profile since OSL / IRSL dates can only be examined with near-linear
accumulation due to their high uncertainty. Therefore, the finding that younger sediments are
older in OSL age determination than in radiocarbon age (Ujvari et al., 2014; Bosken et al., 2019)
should be treated with caution, so it is advisable to use “C for younger sedimentary contexts

and use OSL or other luminescence age determination method on older sediments.

I1.5. Conclusion

The loess-paleosol profile, developed at Bodrogkeresztur (Bosken et al., 2019), is the
result of the changes in the paleoenvironment at the foot of the Carpathians and allows us a
better and more accurate understanding of the setting of the local Gravettian culture in the area.
It deals with the analysis of the particle composition of the section, presents and compares the
age models based on the OSL and radiocarbon derived from the radiocarbon results and
accumulation rates of the section and the nearby Bodrogkeresztur, brickyard 1. The Upper Tokaj
Fossil Horizon appears both at Bodrogkeresztur, brickyard 1, (30895+647 cal. BP) previously
examined by Siimegi (2005) and at Henye Hill (30376+715; Siimegi et al., 2016) section — it
contains Gravettian finds —, but not in the BKT profile. This deficiency, as well as the significant
accumulation, the smaller average particle size, the almost complete absence of the sand
fraction and the increased carbonate content of the whole segment, are the results of
sedimentation processes, recarbonization and leaching. The proximity of the sections, the
consistency of their composition, and the differences in dating make it possible to study the
accuracy and efficiency of dating methods through age-depth models. The accumulation rate
diagrams from the data of our models show that the OSL / IRSL correction methods are not
suitable for constructing accurate Bayesian-type age-depth models because of their high
uncertainty values. To get a better understanding of sediment accumulation, carbon isotopic
data would be needed to clarify issues arising from accumulation differences. As radiocarbon
analyzes are no longer available at levels above 65,000 years (Stuiver et al., 1998a, b), it is

necessary to use OSL assays at these levels for more accurate age determination (Ujvari et al.,
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2014). However, our section is still at a chronological level measured by the radiocarbon dating

method.
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Selected Grain-Size and Geochemical Analyses of the Loess-Paleosol
Sequence of Pécel (Northern Hungary): An Attempt to Determine Sediment
Accumulation Conditions and the Source Area Location
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Stimegi

Abstract

The loess-paleosol profile near the settlement of Pécel has a notable size among the
loess-paleosol sequences of the Northern Carpathian territories. Therefore, comprehensive
sedimentological examinations were performed to understand the profile and the information
preserved in it. The past periodicity and intensity of winds were showed by particle composition
studies (GSI, U-ratio). At least two source areas can be presumed based on geochemical indices
(CIA, CIW, Rb/Sr, Z1r/Rb). Based on the characteristics of the chemical composition of sulphide
minerals (P, S, Pb, Ni, As sulphides), the lower 10 m of the profile was supposed to be
transported from the NW direction (Buda Thermal Karst, Borzsony, Cserhat). Sufficient
information is not yet available in order to determine the source area of the upper 10 m. By
using the mentioned indexes, major developing and weathering horizons also could be

identified.

II1.1. Introduction

The complex investigation of loess-paleosol profiles aims at the detection of
paleoclimatic and paleoecological changes of the Quaternary period (Kukla, 1997; Ding et al.,
2005; Rousseau, 1990; Antoine et al., 2001; Zhou et al., 1990; Siimegi, 2005; Bosken et al.,
2018; Markovi¢ et al., 2015; Song et al., 2018; Moine et al., 2008; Siimegi et al., 2011, 2015,
2018, 2019, 2020; Molnar et al., 2019). The sedimentological (particle size composition) and
geochemical analyses of loess-paleosol sequences can reveal environmental factors like the
prevailing wind direction (Ujvari et al., 2010, 2016; Bosken et al., 2019), wind intensity (Pye,
1995), precipitation intake (Rousseau et al., 2002) and weathering conditions and parameters
(Gallet et al., 1998; Jahn et al., 2001). The high-resolution sampling of the profiles supported
by a sufficient amount of age data allows the examination with the resolution of decades and
centuries. Our sediment samples cover a relatively short time interval because of the resolution
of the sampling (4 cm), which provides the detection of so-called microcycles (Stimegi et al.,

2019, 2020; Hupuczi and Siimegi 2010).
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The graphical interpretation of grain size distribution could supplement the
investigations with relevant information. One of these is the identification of loess and paleosol
levels by the analysis of grain size fractions in the diagrams. Since loess predominantly
comprises medium and coarse silt (Pye, 1995), a relatively high sand or clay content indicates
a change in the accumulation conditions (Pye, 1995). The high clay content could be the result
of postgenetic processes, while an increased sand content suggests a change in the energy of
the transport medium (in this case, rivers and wind) (Pye, 1995). Weathering has a prominent
role in the postgenetic processes, which causes an increase in the proportion of the fine fraction

by the disintegration and fragmentation of larger sediment particles (Pye, 1995).

The loess-paleosol section of Pécel is situated in the western area of the G6doll6 Hills.
These hills, with an area of 550 km?, are rich in natural and landscape values. The elevation of
the area ranges between 130 and 344, with a gradual decrease towards SE (Marosi and
Somogyi, 1990). The dominant geomorphological forms are the two NW-SE lines of Valkoi
and Uri ridges (remnant ridges) and the Isaszegi Passage, a wind furrow, eroded by deflation
(Ruszkiczay-Riidiger et al., 2007). On the surface of the ridges, loess-paleosol series up to the
height of 40 m were developed, while Isaszegi Passage area is covered by sand (sand dunes,

sand sheets (Ruszkiczay-Riidiger et al., 2007)).

Since no previous research has been carried out on the loess-paleosol profile of Pécel,
the authors aim to reconstruct the sedimentological conditions, processes during and following
the deposition, and assume the degree of the weathering by the preliminary particle composition
and geochemical investigations. This section can be a new area available for further
paleoenvironmental and paleoclimatic research. Quaternary studies in Hungary can be
supplemented with additional information with the 20-30-m-high profile of Pécel. It has a
unique location in contrast to the loess-paleosol profiles of lowland (e.g., Siimegi et al., 2015,
2019, 2020; Molnar et al., 2019; Ujvari et al., 2014, 2016) and foothill (e.g., Siimegi et al.,
2011, 2016; Bosken 2019, Varga et al., 2011) regions of Hungary. Because of it, the North
Hungarian Mountains and Buda Hills could play a role in the origin of the sediment of the Pécel

profile.

A further aim of the research primarily could be the malacological examinations
(Molnar et al., 2021; Krolopp, 1991; Siimegi, 1995; Siimegi and Krolopp, 2002) or the
radiocarbon/OSL dating of the profile. Moreover, age-depth models (Stimegi et al., 2020;
Molnar et al., 2019; Ujvari et al., 2014; Maké et al., 2021) can be constructed, accumulation
rate can be calculated (Ujvéri et al., 2010, 2016; Mako¢ et al., 2021), and paleoenvironmental

reconstruction can be carried out (Siimegi et al., 2011, 2015, 2016; Molnar et al., 2019; Siimegi
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and Krolopp, 2002) by using these additional pieces of information. Furthermore, our data can

be correlated with other profiles (Markovi¢ at al., 2015; Jary, 2009; Jary and Ciszek, 2013).

II1.2. Materials and Methods

The loess-paleosol profile of Pécel (47°29'47” N and 19°21'12” E (Fig. 1II.1)) was
sampled in 2019. The section with a height of approximately 18.72 m was created by using nine
continuous sub-sections. All subsections were sampled with a resolution of 4 cm (468 samples).
The preliminary particle composition and geochemical analyses were carried out at the

University of Szeged.
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Fig. I11. 1. Location of the loess-paleosol sequence of Pécel in the Carpathian Basin ((A) figure: 1. Buda
Thermal Karst, 2. Borzsony, 3. Cserhat (Wikimedia Commons), (B) figure: surface formations (Gyalog and
Sikhegyi, 2005), (C) figure: ortophotomap (Google Maps), (D) figure: selfmade site photo)

II1.2.1. Grain Size Analysis

The determination of grain size composition was based on Bokhorst et al. (2011). Air
dried samples were pre-treated in hydrogen peroxide (30% H20>) and hydrochloric acid (10%

HCI) bath to remove organic materials and carbonate from the sediment. Then, 30 mL of Calgon
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(Na2P6O1g) solution was added to 0.7 g of the sample to separate the individual granules.
Immediately before the measurement, the samples were treated in an ultrasonic cleaner for 20
min to prevent the adhesion of the particles. The grain size composition was carried out with
an Easysizer 20 laser sedigraph at the Department of Geology and Paleontology, University of
Szeged. The source used is a 2 MW of energy, 0.6328 um wavelength He-Ne laser (Stimegi et
al., 2019). The laser sedigraph measured 42 particle size ranges between 0.0001 and 0.5 mm
using 54 built-in detectors based on the Mie scattering theory. Frequency and cumulative values
were calculated by using the measured values. The results were arranged into particle size

ranges based on the Wentworth scale (Wentworth, 1922) and plotted on separated line diagrams.

II1.2.2. Grain Size Indices

The U-ratio and GSI values were calculated based on the particle composition results to
determine the energy of the transport medium (Vandenberghe et al., 1985, 1997; Vandenberghe

and Nugteren, 2001). The U-ratio gives the ratio of coarse silt with medium and fine silt

16—44 pm
5.5-16 pm

.It can be used to distinguish glacial periods with significant aeolian transport (high
U-ratio) and high wind speed and warm, wet interglacial periods of weak winds (low U-ratio).
This is based on the observation that the predominant particle size of acolian sedimentation in
warmer interglacial periods is <16 pm, while in cold glacial periods it is >16 pmn
(Vandenberghe et al., 1997; Nugteren et al., 2004). Clay (<5.5 pm) and fractions <44 um are
not taken into account in the calculation of U-ratio. Thus, information cannot be obtained about
clay minerals that formed during secondary, postgenetic processes, as well as fine sand
transported by saltation (Vandenberghe et al., 1997; Vandenberghe, 2013). The “Grain Size
Index” (GSI), introduced by Rousseau et al. (2002), is quite similar to the U-ratio. The most

significant difference between them is that clay fraction is also taken into account in the

20—50 um
<20 um

calculation of GSI . GSI values make possible the estimation of sedimentation,

sediment transport and accumulation, which are closely related to the changes in wind speed
(Rousseau et al.,, 2007). High GSI values indicate increased frequency and intensity of
windstorms in parallel with a higher sedimentation rate (Ujvari et al., 2016; Rousseau et al.,

2007).

I11.2.3. Geochemical Analysis

Samples (44) were chosen representatively and measured with a XRF instrument at the

Department of Mineralogy, Geochemistry and Petrology, University of Szeged. After the
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homogenization of the selected samples, pellets were formed from 4 g of a sample with the
addition of 1.5 g of Cereox adhesive under a pressure of 20 tons. For the evaluation of the
measurement results, the data must be corrected with the 1100 °C “loss on ignition” (LOI—
Dean, 1974) results of the samples. The following parameters were used: 50 kV excitation
voltage, 40 mA anode current, palladium X-ray tube, LiF, PET monochromators, proportional
and scintillation detectors, EZ Scan mode, 1200 s measurement time, semi-qualitative analysis

in a vacuum. The cooling of the system was allowed by an argon/methane gas mixture.

I11.2.4. Geochemical Indices

The examined major and trace elements are presented in percentage and ppm (mg/kg)
respectively. Several geochemical indices were used to get information about the weathering
conditions of the profile. Most of these are based on the mobility and exchangeability of water-
soluble elements (e.g., Varga et al., 2011; Nesbitt et al., 1980; Nesbitt and Young 1982; Liu et
al.,, 1993; Chen et al., 1999; Ding et al., 2001; Mush et al., 2011; Yang et al., 2004;
Schellenberger and Veit, 2006; Tan et al., 2006; Jeong et al., 2008, 2011; Bokhorst et al., 2009;
Buggle et al., 2011), which are caused by the ionic potential of alkali metals and alkaline earth
metals (Railsback, 2003; Reeder et al., 2006). Ca, Mg, and Sr are common alkaline earth metals
in silicate minerals that are susceptible to weathering (Nesbitt et al., 1980; Buggle et al., 2011).

The indices used are the following: chemical index of alteration (CIA— Nesbitt and
Young, 1982), chemical index of weathering (CIW— Harnois, 1988), Rb/Sr ratio (Ding et al.,
2001), Zr/Rb ratio (Chen et al., 2006; Liang et al., 2013). The two major element indices (CIA
and CIW) are widespread weather indices in the fields of loess investigations, paleoclimatical,
and paleoenvironmental reconstructions (Varga et al., 2011; Nesbitt et al., 1980; Nesbit and
Young, 1982; Yang et al., 2004; Jeong et al., 2008, 2011; Buggle et al., 2011). The Zr/Rb ratio
has become important because of the extremely high Zr content, which is an excellent indicator
of weathering horizons because of its high ionic potential as an insoluble, immobile element

(Buggle et al., 2011; Reeder et al., 2006).

I11.3. Results
The stratigraphic units and their boundaries were identified during the field sampling,
while the lithostratigraphic description and separation were already performed in the laboratory.

It includes the determination of the wet and dry color of each sample based on the Munsell

color scale. The notations of Chinese loess sections (Ding et al., 2005; Kukla, 1987; Kukla et
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al., 1990; Cohen and Gibbard, 2019; Markovi¢, 2008) were used for the description of the

lithological horizons.
I11.3.1. Grain Size Composition

A well-developed paleosol complex (S3) can be identified between 1784 and 1872 cm
(Fig. II1.2), which can be divided into two parts. The proportion of the coarser particle size is
constantly increasing with the decreasing of the finer ones. The predominant grain size fractions

are medium and coarse silt with a high clay content of around 20%.
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Fig. I1I. 2. Grain size compositions plotted on separated line diagrams, GSI and U-ratio line diagrams (Siimegi
etal., 2015, 2019, 2020; Bosken et al., 2019; Gallet et al., 1998; Ruszkiczay-Riidiger et al., 2007; Molnar et al.,
2019; Ujvari et al., 2014, 2016)

A homogeneous loess layer (L3) can be observed between 1540 and 1784 cm with no
change in its color. The change in particle size continues from the finer to the coarser fractions,
thus coarse silt and very fine sand become predominant. A slight change was detected between
1680—1700 cm, where the proportion of fine and medium silt increases in contrast with the

decreasing proportion of very fine sand.

Above the loess layer, between 1416 and 1540 cm, another paleosol layer lies (S2),
which was divided into two parts, a lighter part between 1452—1540 cm and a darker between
1416—1452 cm. In the transition zone of the lower part and the L3 loess layer, the amount of

very fine sand increases (26%), then decreases upwards. The clay content declines on the
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boundary of the lower and upper part (1540 cm) with a slight increase in the proportion of

coarse silt and very fine sand.

A well-developed homogeneous loess layer (L2) can be found above S2, between 1256
and 1416 cm, with carbonate concretions between 1350 and 1408 cm. The low proportion of
very fine sand (10%) in the S2/L.2 transition zone reaches its maximum at 1344 cm with almost
24%. From that point, it decreases back to 10% to the L2/S1 transition. It predominantly
comprises coarse (24-28%) and medium (22-26%) silt. The clay content is the opposite of the
sand content, shows its minimum (7%) at the maximum of the sand proportion. By the L2/S1

transition, its proportion gradually increases to 20%.

A diverse paleosol layer (S1) can be found between 884 and 1256 cm above the L2 loess
layer, which can be divided into 6 parts based on its color. The first part, between 1180 and
1256 cm, is a light-colored section with a rhythmically changing proportion of very fine sand
content between 1236 and 1256 cm (increasing from 9 to 30%, then decreasing to 10% again
(1216 cm)). In 1200 cm, a minimum can be observed again, then to 1180 cm it increasing to
26%. The clay and very fine silt fraction follow the same trend with an inverse relation. Since
outstanding values cannot be observed in geochemical indices, the reasons for this can be the
changes of the source area, or the changes in the wind direction, or the drastic relapses in the
energy of the transport medium several times. Such a notable trend cannot be observed in the
cases of the other fractions. Above, between 11241180 cm, a darker part can be found, in
which the latter trend continues up to 1160 cm. The proportion of the very fine sand decreases
to 5%, while the proportion of clay and very fine silt fractions increase to 28% and 17%. The
different grain size fractions in the next part of the paleosol level are characterized by only a
few percent of oscillation. Between 1044—1124 cm, the clay, and medium and coarse silt
become dominant, but the difference between the minimum and maximum values of each
fraction is less than 5%. Between 1000—1044 cm, the trend of the lower parts reappears. The
proportion of very fine sand decreases from 17 to 6% (1016 cm) and unlike before, the
proportions of fine, medium and coarse silt increase. The presence of a weathering horizon was
assumed here, which is also supported by the geochemical indices. Between 932 and 1000 cm,
the proportion of fine sand is low, varying between 6—15%. The clay content is between 19—
26%, the fine and medium sand are between 20-25% and 20-23%. The uppermost part of the
S1 paleosol level can be found at 884-932 cm. The clay content decreases continuously up to
a minimum of 16%, the average proportion of medium and coarse silt is 24—24%, with 9—-12%
of very fine sand. Carbonate concretions can be identified at 1248 cm and between 1188 and

1176 cm.
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The next layer between 884—1044 cm consists of two loess layer with a buried paleosol
between them. The lower loess layer (L1L2) is between 568—884 cm. The grain composition is
gradually fining upwards. A significant change can be observed at 752 cm, where the proportion
of fine silt increases, while coarse silt and very fine sand decreases and the clay content
stagnates. The refining tendency of the sediment continues upwards. The abovementioned

pattern reappears at 652 cm except for the slighter decrease in fine sand and clay content.

The intervening paleosol (L1S1) can be found between 300-564 cm. This part continues
to roughen upwards in terms of grain size distribution. A change can be seen between 392 and
456 cm, where the average clay content of 16-20% decreases to 5% as well as coarse silt,
meanwhile, all the other fractions increase significantly. The proportion of very fine sand also

increases further to the L1S1-L1L1 boundary.

The same color as the L1L2 layer characterizes the uppermost part of the loess body
(LILT) between 44 and 300 cm. The very fine sand fraction in the layer is around 30% but
decreases to 20% for 40 cm. Its proportion is constantly increasing from 216 cm and reaches a
maximum of 36% at 80 cm. The opposite trend can be observed in the changes of the clay
fraction. The proportion of very fine and fine silt ranges between 5-8%. Considering the
averages, the very fine sand content becomes predominant with its 28% with 25% coarse silt

and 18% medium silt proportions.

The top of the profile is the SO recent soil layer, which was divided into two parts, a
lower (20—44 cm) and an upper (0—20 cm). The clay fraction in the lower part is continuously
decreasing from 14% to 6%, and the fine silt fraction increases by 1-2%. The average of the
very fine sand proportion is 32%. The dominance of medium and coarse silt (24-28%) and the
practically complete absence of clay fraction (2—6%) characterize the upper section. Besides,

the proportion of very fine sand drops to 22% from 29%.

I11.3.2. GSI/U-Ratio

GSI values (Fig. I11.2) increase from 0.87 to 1.14 between 1600—-1872 cm, and fall back
to 0.9 between 14361448 cm. From this point, it rises and reaches 1.75 at 1336 cm. The lowest
value of the entire profile is at 1156 cm with 0.69 and remains below 1 up to 904 cm. Below 60
cm, GSI values rise to 1.5, then decrease back below 1 for the next 90 cm. Up to 544 cm, it
ranges between 0.9 and 1.4. A significant peak with the highest value (2.12) of the profile can
be observed between 364-508 cm. Another peak (1.7) appears at 192-200 cm. Then it

continuously decreases to 1.4 at 76 cm, from where it starts to rises again and reaches a value

28



of 1.97 on the surface. The larger fluctuations in U-ratio can be explained with the consideration
of the clay content in the calculation (Vandenberghe et al., 1985, 1997; Vandenberghe and
Nugteren, 2001). The movement of the trendlines is uniform, although the L3 layer (1540—1784
cm) indicates a positive protrusion. The most conspicuous ones are between 364—509 cm and
0-75 cm where the values differ from the trend. These anomalies can be explained by the

extreme decrease of the clay fraction.

I11.3.3. Geochemical Analysis

It can be concluded for the lithological change of S3 level (Fig. I11.3), that Mg content
gradually ceases and Mn content is quadrupled. The same pattern can be observed in the case
of trace elements as Zr, Sr, Rb, Ni. A significant increase is detected in the values of As (from
0 ppm to 48 ppm) at the S3/L3 boundary. In L3, the amount of Ca gradually increase, while
Mg, P, S elements show high variability. Pb, Cu and As significantly increase, but the other

trace elements show a decreasing trend overall.
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Fig. I11. 3. Highlighted geochemical results from XRF (major elements above, trace elements below)

Several changes can be observed in the L2/S2 boundary. The amount of Ca and S halved
while Mg increases to 6% from 0. Zr, Pb, Rb and Ni values also increase. Pb reaches its

maximum (255 ppm).

S2 can be divided into two lithological layers. At their boundary, the major elements
like Fe, Ca, Mg and S and trace elements like Sr, Pb, Cu increase, moreover Rb gradually

increases up to S2/L2 boundary, where Na content also rises from 0 to 7%.
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The highest p values of the profile were detected (0.5-0.6%) in the L2 loess body and
the S1 paleosol layer above where Zr, Pb, Ni values decrease, and in the middle of the loess
body Sr, Cu, Rb increase. S1 is divided into six lithological parts, however, it cannot be detected
based on the geochemical results. The Fe content gradually decreases up to 1000 cm and reaches
a maximum of 27% in the S1/L1L2 boundary zone. Mg, P, S, Zn, Pb, Ni, As is detected with a
significant amount up to this zone, from this point Ca, K, Na and Zr elements become
predominant. This general change is not significant in the case of Si, except for the decrease

from 16% to 4% and the peaks (to 32%) in the upper part of the L1L1 and SO.

Significant changes cannot be seen in the L1L2 loess body except for the smaller peaks
of Na, Sr and Ni. The highest Zr content (1781 ppm) is detected in the L1L2/L1S1 boundary.
Fe and Ca decrease, while Si and K increase and a slight increase can be observed in Zr and Cu
trace elements in the lower part of the L1S1 paleosol (492—496 cm). Rb content continuously
increases from 73 to 106 ppm up to the boundary of L1L1, and a peak of Ti is detected (increases
from 1-2 ppm to 7.5 ppm).

In the L1L1 loess body, Si, Mg and Al start continuously increase and Fe, Ca, Na (with
a maximum of 9.3%) and Mn-and all trace elements- decrease from 172—176 cm. The Al

content reaches its maximum at this level: between 0-56 cm ranges between 4.5-5.3%.

I11.3.4. Geochemical Indices

The examined geochemical indices suggest a weathering horizon if CIA (Vandenberghe
and Nugteren, 2001), CIW (Harnois, 1988) indices and Zr/Rb ratio (Chen et al., 2006; Liang et
al., 2013) increase while Rb/Sr ratio (Chen et al., 1999) decreases. These characteristics are
caused by the high mobility of Rb, and moderate mobility of Sr and immobility of Zr element
(Chen et al, 1999, 2006; Buggle et al., 2011; Liang et al., 2013).

Nine major parts were distinguished within the profile based on the selected
geochemical indices. The first layer is between 1780—1862 cm, where a peak of Zr/Rb (1844—
1848 cm) and Rb/Sr (1812—-1816 cm) can be found. The next level is between 1496—-1604 cm,
characterized by the positive shift of all examined indices. Above, between 1376—1456 Rb/Sr
ratio is doubled, while a slight decrease of Zr/Rb and smaller fluctuation of CIA and CIW
indices can be seen. The next level is between 1256—1320 cm, is characterized by a significant
Rb/Sr ratio (2-3x value), a minor decrease of Zr/Rb and unchanged CIA, CIW ratios. It is
followed by a larger part (804—1088 cm) with varying values of the different indices. The first
major change appears between 1020—1024 cm, where the Rb/Sr ratio decreases and Zr/Rb
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increases. Then, up 932-936 cm, Rb/Sr ratio more than quadruples (0.89), Zr/Rb ratio decreases
to nearly 0 (996-1000 cm) and then ranges between 3—6. CIA, CIW indices slightly drop at
964968 cm, then increase to 904908 cm and decrease again, which persists until the next part
(556—644 cm). The highest protrusion of the Zr/Rb ratio in the entire profile (19) can be found
here caused by the Zr value of 1781 ppm. Between 296—496 cm, CIA and CIW values do not
show significant change except for a slight increase. In contrast, high Rb/Sr is associated with
a low Zr/Rb ratio at 428432 cm. In this and the next part, the latter two ratios show the
opposite. The Zr/Rb ratio increases because of the presence of over 1000 ppm Zr and the Rb/Sr

decreases.

Both CIA and CW indices decrease sharply in the penultimate part between 100-344
cm. Both indices reach their minimum value of 40 and 47, respectively. The Rb/Sr ratio also

has a negative peak here, while Zr/Rb ratio increases.

The uppermost part can be observed from 56 cm to the surface (0 cm). At the boundary
of L1L1/S0, the CIA and CIW indices reach their maximum within the entire profile (50 and
60, respectively), while the two other indices are at their minimum (0). Following this point,
the CIA and CIW slightly decrease, Rb/Sr and Zr/Rb increase from zero to 0.3 and 12,

respectively.

A weathering horizon occurs (Fig. I11.4) between 1844—1848 cm within the SP3 paleosol
layer, which is characterized by high Zr content of 1209 ppm (Fig. I11.3). The next weathering
horizon is at the transition of L3-S2, where the Rb/Sr ratio moves in a positive direction. Its
explanation can be the higher Rb content (115 ppm). The next weathered zone occurs in the
upper part of the S2 paleosol. Rb/Sr and Zr/Rb ratios have an opposite trend than the indices
because of the high Rb content (Rb: 149 ppm, Sr: 186 ppm, Zr: 92 ppm; Fig. II1.3). The high
Sr (228-255 ppm) and Zr (325-659 ppm) contents suggest the existence of another weathering
horizon between 1316—-1380 cm within the L2 loess body. In contrast, based on the grain size
composition (Fig. II1.2), the high GSI and high U-ratios, the development of a loess body
deposited by intensive wind and dust storms are supposed. The proportion of the finer fractions
increases again by the weakening of the assumed storms. Rb reaches a maximum of 151 ppm
at 1300 cm, which causes a high Rb/Sr ratio. A paleosol developmental stage can be observed
within the diverse S1 paleosol layer, which is characterized by a low concentration of Rb (44—
58 ppm). Zr also reaches its minimum in the profile (13 ppm). A definite weathering emerges

in the upper part of this paleosol between 904—908 cm, yet below the L1L2/S1 boundary.
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Fig. I1I. 4. Geochemical indices used to explore weathering in the loess-paleosol sequence

Above a weak weathering horizon in the L1L2 loess body between 640—644 cm, a more
significant one also can be observed. However, the highest Zr concentration value (1781 ppm)
of the profile occurs at 568—572 cm, the weathering horizon appears only above, at the boundary
of L1S1/L1L2 with a moderate Zr (98 ppm). Similar results were obtained in the case of
L1L1/L1S1 boundary (296-308 cm) with the Zr values of 1023 ppm and then 60 ppm. Despite
the weak weathering within the loess body of L1L1, a more intensive sediment accumulation
and the intensified wind is assumed based on the GSI and U-ratio. The complete absence of Rb

suggests intense weathering in the L1L1/S0 boundary.

I11.4. Discussion

Based on the sedimentological results, it can be noted that the complete section is
characterized by a high proportion of very fine sand fraction (5-36%). It indicates increased
transport energy (Pye, 1995) or the sediments of the surrounding sand dunes and sand sheets.

In consistent with previous studies, among all the examined grain composition indices, U-ratio
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is the one, which indicates cold periods and strong winds with higher values in loess bodies,
and warmer periods in paleosols (Ujvari et al., 2016; Vandenberghe et al., 1997; Nugteren et
al., 2004; Vandenberghe, 2013). In addition, the positive peaks of GSI values indicate increased
sedimentation rate and frequent powerful dust storms (Ujvari et al., 2016; Rousseau et al.,
2007). In the case of our profile, two significantly increased and several elongated sections can
be observed. The two peaks are detected in the L2 loess body and the L1S1 paleosol. Both parts
were characterized by the high proportion of coarser fractions and sharply decreased clay
fraction (5%) (Fig. I11.2). Non-significant peaks can be observed in the whole L3 loess body, in
the initial parts of the S1 and L1L2, and above the weathering horizon in the L1L1 loess body.

A significant change can be observed in the section at the height of 10 m based on the
elemental composition and particle size indices. This can be explained by the complete
termination of the supply of dust, rich in sulphide minerals. Under 10 m the values of Mg, P
and S major elements are relatively common, even if with small percentages (Mg < 6%, P and
S <0.6%). Trace elements as Zn, Pb, Ni, As are significant below 10 m. Considering the mineral
composition of the surrounding areas, the origin of the dust, which presumably consists of
sulphide minerals and igneous rocks, could have been the Buda Thermal Karst, the Borzsony
or the Cserhat. Thus, NW as the prevailing wind direction can be assumed. However, further
research is necessary for the more precise determination of the exact source area of the

sediment.

II1.5. Conclusions

The foothill/hill-situated loess-paleosol profile of Pécel is located in the G6doll6 Hills
in the northern part of the Carpathian Basin. The preliminary sedimentological and geochemical
investigations have shown that the profile merits conducting further research, as no significant
erosion or intensive weathering could be detected. It carries a wealth of data, which can
perfectly complement the results of the surrounding profiles investigated so far and could
provide data for the study of the climate changes in the Quaternary. The origin of flying dust
and the prevailing winds are also can be examined. The change at about 10 m is an evidence of
the change of the source area of the accumulated dust. The seemingly opposite results within
the L2 loess body may be explained by the further transport of finer fractions (and a sharp
decrease in the proportion of clay) because of the increased transport energy and the deposition
of larger particles. Similar fluctuations can be seen in the case of GSI in the L1S1 paleosol
layer, where the geochemical indices also indicate soil development. Considering the entire

profile, weathering horizons occur at the loess-paleosol transition zones. As this is a preliminary
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examination of the profile, further research will be conducted. Radiocarbon and OSL/IRSL data
will be suitable for the determination of the actual age of the profile, age-depth models will be
built for the estimation of the volume and the rate of sediment accumulation. Besides,
malacological examination of the remaining snail shells of the sediment will provide more
accurate information about the paleoecological factors. Finally, magnetic susceptibility results
will be applied to correlate the paleosol levels and the MIS stages and that will allow us the

correlation of the Pécel profile with similar profiles.
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Development History of the Loess—Paleosol Profiles of Pécel, Kisdorog and
Bonyhadvarasd, Hungary

Laszl6 Mako, Péter Cseh, Baldzs Nagy, Pal Stimegi, David Molnar
Abstract

This study covers the examination of four loess—paleosol profiles in Hungary through
grain size composition, organic matter, carbonate content and magnetic susceptibility
measurements. One of the profiles (with a thickness of 25.72 m) can be found in the G6do61l6
hills, on the border of town Pécel, and the other three profiles (Kisdorog-West—5.60 m,
Kisdorog-East—6.40 and Bonyhadvarasd—S8.16 m) are located in the Tolna hills of the
Transdanubia region. The sections were continuously sampled with an interval of 4 cm. The
same interval was also applied to the other three profiles. During the field exploration of the
Pécel profile, we were able to study the complete loess wall, which was deposited on the
sediment of the nearby Rakos stream. Based on the Ostracod fauna of the clay sediment
beneath, the fluvial deposit can be considered as originating from the Upper Miocene. In the
case of the Transdanubian sections, a significant change can be observed in the prevailing wind
direction based on the grain size analyses. In addition, the results of magnetic susceptibility
measurements suggest that the development of the Pécel profile took place during MIS 9-10,

while the age of the three Transdanubian sections can be assumed to be the MIS 2—4.

IV.1. Introduction

The four profiles examined in this study can be found in two different geographical
regions of Hungary (Fig. IV.1). One of them can be found in the vicinity of the town Pécel in
the G6dollo hills area (Dovényi, 2010) in a foothill location (e.g., Siimegi et al., 2011, 2016;
Bosken et al., 2019; Mako et al., 2021; Varga et al., 2011), while the other three profiles are
located in the Tolna hills (D6vényi, 2010) in a lowland location (e.g., Stimegi et al, 2015, 2019,
2020, 2021; Molnar et al., 2019, 2021; Ujvari et al., 2014, 2016). In addition to the one in Pécel,
two of the examined sections are located in Kisdorog and one in Bonyhadvarasd, 130-140 km
away from Pécel. In the case of these Transdanubian sections, the direction of the hills in the

area is northwest—southeast.

Detailed pieces of information on the loess sequences of the Carpathian Basin are
available (e.g., Stimegi et al., 2011, 2015, 2019, 2020; Bosken et al., 2019; Varga et al., 2011;
Ujvéri etal., 2014, 2016; Buggle et al., 2008; Markovi¢ et al., 2008, 2015; Galovi¢ et al., 2009;
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Molnar et al., 2010, 2021), however, the sections we examined have not been studied before,
thus, the data extracted from them could provide excellent additional information about the
paleoclimate and regional mosaicism of the area. Several profiles have been studied along the
River Danube (Siimegi et al., 2011; Ujvéri et al., 2014, 2016; Markovi¢ et al., 2015), the data
of which were supplemented by data from southern Hungary (Varga et al., 2011; Stimegi et al.,
2015, 2019, 2020, 2021; Molnar et al., 2019), northern Hungary (Bosken et al., 2019; Siimegi
etal., 2016; Mako et al., 2021a, b), Transdanubia (Varga et al., 2011; Molnar et al., 2021; Ujvéri
et al., 2014, 2016), and data derived from drillings (Koloszar and Marsi, 2010; Siimegi et al.,
2018).
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Fig. IV. 1. Location of the loess-paleosol section of Pécel ((B)—ortophotomap), Kisdorog-West ((C)—
ortophotomap), Kisdorog-East ((D)—ortophotomap) and Bonyhadvarasd ((E)—ortophotomap) in the Carpathian
Basin (A, Wikimedia Commons)

The excavation of the loess—paleosol profile of Pécel was completed in 2022. Prior to
this, its preliminary results were reported in 2021 (Mako et al., 2021). The total height of this
section is 25.72 m, of which the actual loess deposit was 24.56 m. The sediments (thickness:
51 cm) below this loess section can be considered as the sediments of the former Rékos stream,
which recently can be found 300-350 m south of the loess wall. This further deepening of the
profile was considered irrelevant since the main purpose of this research is the reconstruction
of the development of the loess wall itself. Regardless, the development of the former riverbed

below the loess wall could also be clearly reconstructed by the analysis of its sediments. The
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bottom 65 cm of it consists of clay, while sand with massive, cross-layered and laminated
features can be described in the upper 51 cm. Based on the experiences of previous research on
loess bodies and similar sediment depositions, the higher resolution of sampling enables a
higher resolution of examination (e.g., Siimegi et al. 2015, 2019, 2020, 2021; Molnar et al.
2021). We have therefore sought to achieve the highest possible resolution—of course within
reasonable limits. Thus, a sampling interval of 4 cm was applied, which can result in the
resolution of decades-to-centuries if it is supplemented with well-designed radiocarbon age data
(e.g., Simegi and Hertelendi, 1998; Siimegi et al. 2015, 2016, 2019, 2020, 2021; Molnér et al.
2021). The loess—paleosol profiles near Kisdorog (Fig. IV.1) are located in the midwest region
of Hungary at 46°23'54” N and 18°29'47" E (Kisdorog-West) and 46°23'34” N and 18°30'01"
E (Kisdorog-East). The two profiles can be found on the opposite slopes of a hill, approximately
700 m from each other. The Kisdorog-West section can be characterized by a height of 5.6 m.
One single paleosol layer of about 1 m thickness can be found in it, which can be divided further
into 3 sublayers. The Kisdorog-East section can be characterized by a height of 6.4 m, within
which a single paleosol layer can be separated similar to the western section. This paleosol layer
of 3 m can also be separated into 3 sublayers. The fourth section can be found in
Bonyhadvarasd, which is located 3.5 km away from Kisdorog. The coordinates of the
Bonyhédvarasd section of 8.16 m height are 46°21'52” N and 18°29'17" E. Similar to the
Kisdorog sections, it can also be divided into lower and upper loess bodies separated by a

paleosol complex.

IV.2. Materials and Methods

The Pécel section (Fig. IV.1) (47°29'47" N and 19°21'12" E) was supplemented by a
10th subsection (with a height of 700 cm). This section was also sampled for grain size

distribution and LOI analysis by applying the previously used 4 cm sample size.

Iv.2.1. Color

During the field studies, following the cleaning of the entire wall surface, the visible
layers and their boundaries were registered and their colors were defined according to the
Munsell color chart (Munsell, 2010). These macroscopic observations were the basis of the
delimitation of the different layers. In the case of the Pécel profile, the paleosols (Nettleton et
al., 1998; Kraus, 1999; Krasilnikov and Garcia Calderon, 2006) ranged from brown to reddish-
brown, while in the case of the Kisdorog and Bonyhadvarasd profiles, the paleosols showed

three different colors, ranging from chestnut brown to dark brown, indicating significant soil
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development. In addition, the color of the loess also differed (whitish—pale yellow) in the case
of the Bonyhddvarasd profile. Our research was primarily focused on the study of the loess

material, thus, detailed pedological examination of the paleosol layers has not been carried out.

IV.2.2. LOI

Dean’s Loss on Ignition method (Dean, 1974) was used to determine the organic matter
and carbonate content of the samples. This method is based on the measurement of the loss on
ignition weight of the powdered sediment samples. The previously air-dried samples are first
ignited at 550 °C, at which temperature the organic matter is being burnt, and then, at 900 °C,
in order to detect the carbonate content. The 900 °C temperature value was chosen based on the
study of Heiri et al. (2001). Regardless, the heating of the samples was performed at both 900
and 1000 °C, resulting in two different series of measurements. The average weight loss was
plus 0.0007 g at 1000 °C. This difference can be explained by water present in clay minerals,
as well as in crystalline bonds, in which water content is likely to escape from the system at this
applied temperature. These measurements were carried out by using a furnace at the Department

of Geology and Paleontology of the University of Szeged.

IV.2.3. Grain Size Distribution

For the analysis of the grain size composition, the samples were prepared according to
the method of Bokhorst et al. (2011). Air-dry samples were pre-treated in a 30% H>O> and then
a 10% HCI bath to remove organic matter and carbonates before further analysis. Subsequently,
30 mL of 5% Calgon (Na2PsO1s) was added to 0.7 g of the sample in order to separate the
particles. Right before the measurements, the samples were treated in an ultrasonic cleaner for
10 min to prevent the coagulation of the particles. The grain size composition measurements
were carried out by using an OMEC EasySizer 20 laser sedigraph at the Department of Geology
and Paleontology, University of Szeged. The source was a He-Ne laser with an energy of 2 MW
and a wavelength of 0.6328 pm. The Laser Sedigraph uses 54 built-in detectors for measuring
a range of 42 grain size fractions between 0.0001 and 0.5 mm. The approach is based on the
theory of Mie laser light scattering. Following the measurements, the system calculates
cumulative values by using the measurement results. The values obtained were organized into

grain size fractions according to the Wentworth scale (Wentworth, 1922).
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IV.2.4. Grain Size Indices

The average particle size (MGS) was calculated from the values of D10-D50-D75 and
plotted with a line diagram. The U-ratios and the GSI values were calculated by using the grain
size composition results in order to determine the energy of the transport medium

(Vandenberghe et al., 1985, 1997; Vandenberghe and Nugteren, 2001).

The U-ratio defines the ratio of the coarse silt and the medium + fine silt fractions. This
ratio can be applied to distinguish the cold, dry glacial periods with significant eolian transport
and high wind velocity (high U-ratio), and the warm, wet interglacial periods with weak wind
intensity (low U-ratio). This distinction approach is based on the observation that the
predominant grain size fraction of eolic sedimentation is <16 pum in warmer interglacial periods,
while it is >16 pm in colder glacial periods (Vandenberghe et al., 1997; Nugteren et al., 2004).
Clay fraction (<5.5 pm) and grain size fractions coarser than 44 um are not taken into account
for the calculation of the U-ratio, thus, no information can be obtained about clay minerals
formed by secondary pedogenetic processes or about fine sand particles transported in saltation

(Vandenberghe et al., 1997; Vandenberghe, 2013).

The Grain Size Index (GSI) introduced by Rousseau et al. (2002) is similar to the U-
ratio. The most significant difference is that the clay fraction is also taken into account for its
calculation. Based on this index, the efficiency of sedimentation, transport and accumulation
processes can be determined which are closely related to the changes in wind velocity
(Rousseau et al., 2002). High GSI values indicate an increased frequency and intensity of dust

storms, as well as a higher sedimentation rate (Rousseau et al., 2002, 2007).

IV.2.5. Magnetic Susceptibility

The magnetic susceptibility (Zhou et al., 1990; An et al., 1991; Rousseau and Kukla,
1994; Dearing et al., 1996; Sun and Liu, 2000; Zhu et al., 2004; Hlavatskyi and Bakhmutov,
2021; Chen et al., 2006) measurements were carried out by using a Bartington MS2K surface
sensor instrument at the Department of Geology and Paleontology, University of Szeged. The

air-dried, powdered samples were measured three times in different directions.
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IV.3. Results
IV.3.1. Profiles
1V.3.1.1. Pécel

The notations of Chinese loess sections (Markovi¢ et al., 2015; Kukla, 1987; Kukla and
An, 1989; Kukla et al., 1990) were used for the description of the lithological horizons. The
lowest 65 cm of the section (between 25.07-25.72 m) is clay sediment, which is followed by
51 cm of sand sediment above it (between 24.56 and 25.07 m). Above this, the development of
loess (between 0 and 24.56 m) starts with a hiatus in some places. The lowest stratum denoted
as L6, is located between 23.48 and 24.56 m and is characterized by a Munsell color of 7.5YR
7/4. Above it, 28 cm of paleosol (S5, between 23.20 and 23.48 m) can be found with 10YR 5/6
color. The loess body L5 is located between 19.36 and 23.20 m and its color is 7.5YR 7/3. The
S4 paleosol between 19.08 and 19.36 m has a 10YR 5/6 color, similar to the S5. The L4 stratum
between 18.72 and 19.08 m is a 7.5YR 7/3 colored loess again. Above the L4 loess body, the
S3 paleosol layer can be found, which consists of two parts, the lower one (between 18.44 and
18.72 m) with 2.5Y 6/4 color, the upper one (between 17.84 and 18.44 m) with 2.5Y 5/3 color.
The loess body above this (L3) can be found between 15.40 and 17.84 m and can be
characterized by 2.5Y 7/4 color. The S2 paleosol also consists of two parts, the lower one
(between 14.52 and 15.40 m) with 10YR 6/4 color, and the upper one (between 14.16 and 14.52
m.) with 10YR 5/2 color. The loess body L2 is located between 12.56 and 14.16 m and has a
color of 2.5Y 7/3. The S1 paleosol can be divided into 6 different parts based on its color: 10YR
6/6 (11.80-12.6 m); 10YR 5/6 (11.24—-11.80 m); 10YR 6/6 (10.44—11.24 m); 10YR 5/6 (10.00—
10.41 m); 2.5Y 6/4 (9.32-10.00 m) and 2.5Y 5/3 (8.84-9.32 m) The overlying sedimentary
layer was described as a well-observable loess body with a layer of paleosol in it. L1L2, which
can be characterized by 2.5Y 7/4 color, is located between 5.64 and 8.84 m. The paleosol layer
in-between denoted as L1S1 (color: 10YR 6/6) can be found between 3.00 and 5.64 m. Above
it, the uppermost loess layer (L1L1) between 0.44 and 3.00 m can be characterized with 2.5Y
7/4 color again. The uppermost stratum of the entire sequence is the recent soil layer with a
thickness of 44 ¢cm which can be described with 2.5Y 6/4 color between 0.20 and 0.44, and
2.5Y 5/3 between the surface and 0.20 m.

1V:3.1.2. Kisdorog-West

This profile is between 3.84 and 5.6 m of a loess wall of 5.6 m total height, with large

carbonate concretions I from the depth of 5.5 m. A notable paleosol horizon can be found
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between 2.32 and 3.84 m. The lower part (between 3.28 and 3.84 m) of this paleosol can be
characterized by chestnut brown color (7.5YR 3/6), while the middle part of it (2.52—-3.28 m)
is dark brown (2.5Y 2/2). Several carbonate concretions can be found in these two lower layers
between 3 and 3.9 m. The uppermost part of the paleosol layer between 2.32 and 2.52 can be
characterized by light brown color (2.5Y 3/2). The upper loess body of the profile (0.4—2.32 m)
can be found above the paleosol layer. Above, the uppermost 0.4 m is the recent soil horizon.

In these two uppermost layers, several rhizoliths can be observed between 0 and 1.3 m.

1V:3.1.3. Kisdorog-East

The lowermost 0.20 m of this profile with a height of 6.4 m is a loess layer (between 6.2
and 6.4 m). A notable paleosol horizon can be found between 2.72 and 6.2 m, which can be
divided further into sublayers. The following sublayers can be distinguished based on their
colors: chestnut brown (7.5YR 3/6) between 5.84 and 6.2 m, dark brown (2.5Y 2/2) between
4.6 and 5.84 m, light brown (2.5Y 3/2) between 4.2 and 4.6 m, and dark brown again between
3.16 and 4.2 m with crotovines between 3.24 and 3.3 m. The uppermost paleosol layer can be
found between 2.72 and 3.16 m and can be characterized by light brown color. The upper loess
layer can be found between 0.36 and 2.72 m, which is followed by the recent surface soil (0

and 0.36 m).

1V:3.1.4. Bonyhaddvarasd

This profile of 8.16 m total height can be described with the presence of a loess layer in
the lower position (6.08—8.16 m) and a paleosol layer between 3.76 and 6.08 m, which latter
can also be divided into further sublayers. These certain sublayers were defined by their colors,
which are the followings: chestnut brown (7.5YR 3/6, between 5.52 and 6.08 m), dark brown
(2.5Y 2/2, between 5.2 and 5.4 m), light brown with lime spots (2.5Y 3/2, between 4.84 and
4.96 m), dark brown (2.5Y 2/2, between 3.76 and 4.36 m) and chestnut brown with rhizoliths
(7.5YR 3/6, between 3.76 and 4.36 m). The upper loess layer can be found above the paleosol
horizon (between 0.15 and 3.76 m) with carbonate concretions in its lower parts. The uppermost

0.15 m of the section can be described as another paleosol horizon.

1V.3.2. LOI
1V.3.2.1. Pécel

The upper 18.72 m of the loess—paleosol profile of Pécel was previously studied and
published (Mako et al, 2021), thus, only the newly obtained results are presented in this paper
(Fig. IV.2).
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Fig. IV. 2. LOI results (Organic carbon: 550 °C, carbonate: 900 °C) of the Pécel section

Greyish-brown clay sediment can be found in the range 25.07-25.72 m where the
organic matter content varies in the range 1.2-2.7%. The carbonate content gradually increases

towards the sand layer deposited on the top of the clay (~7 to 11% to 2.5%).

The lowest organic matter (0.4—1%) and carbonate (0.7-2.5%) content values can be
detected in this sand body in the range 24.56-25.07 m. Subsequently, the lowermost loess body
(L6) 1s located in the range 23.48—24.56 m, in which organic matter (1-2%) and carbonate (1.7—
5%) show relatively constant values. Both organic matter and carbonate content values

constantly increase up to the level of the next paleosol horizon above this loess layer.

A thinner paleosol layer (S5) can be found in the range 23.20-23.48 m, in which the
organic matter varies in the range 2.3-2.7%, while the carbonate content shows a more
significant increase and rises from 5.8 to ~8 %. The increased values of the latter persist in the

overlying loess.
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A thicker loess layer (L5) lies in the range 19.36-23.20 m, in which, the organic matter
content decreases to 1.71% up to 21.92 m, while the carbonate content varies in the range 7.2—
8.5%. Despite this variability, these values can still be considered stable compared to the layers
below. Subsequently, organic matter content starts a significant increase from 21.92 m and
reaches 3.5%. At the same time, carbonate content decreases with smaller and larger

fluctuations, reaching 3.7%.

A thinner paleosol layer (S4) can be found again in the range 19.08—19.36 m. Within
this paleosol, the proportion of organic matter content increases and the carbonate content

decreases slightly upwards.

The uppermost loess (L4) layer examined within this study is located in the range 18.72—
19.08 m. Herein, the organic matter content continuously increases from 3% to 3.4% and then
decreases to 2.4% up to the paleosol horizon above it. In contrast, the carbonate content

decreases from 5.2 to 4.4% and then increases to 6.5% by the boundary of the paleosol layer.

1V:3.2.2. Kisdorog-West

The significant changes that were observed in the case of the Pécel profile cannot be
detected here (Fig. IV.3). The carbonate content constantly increases in the lower part of the
lower loess layer (from 12% to 16% in the range 5.6—4 m). This value drops extremely at the
depth of 4 m and reaches 2% up to 3.5 m. In contrast, it starts to increase up to the depth of 3
m by ~8% within the paleosol layer. Then, it starts to decrease again back to 4% between 3 and
2.5 m (the boundary of the paleosol and the upper loess layer), then increases to 10% up to the
depth of 2 m. Subsequently, it decreases to 6% up to the depth of 1.6 m and then increases to

12% up to the horizon of the recent surface soil.
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Fig. IV. 3. LOI results (Organic carbon: 550 °C, carbonate: 900 °C) of the Kisdorog-West section

The changes in organic matter content show even less variability. It increases
continuously from ~1.8% to ~4.2% with smaller fluctuations between 5.6 and 1.5 m (the upper
boundary of the loess). Above it, the value falls back to 2-2.4% and then reaches its maximum

of ~4.4% in the recent surface soil level.

1V:3.2.3. Kisdorog-East

This section, with its ~6.5-m height, contains a significant paleosol complex of nearly
3.5 m. However, as the Figure IV.4 shows, the organic matter content within this layer is still

low (varying in the range 2—5%). The peak value of the organic matter can be observed within
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the recent soil layer with a value of almost 9%. At the same time, this value is constant ~2% on
average within the loess bodies. The carbonate content is higher (around 8—10%) in the paleosol
levels characterized by chestnut (7.5YR 3/6) and dark brown (2.5Y 2/2) color. A significant
decrease to 4% is observed in the middle-positioned, light brown-colored (2.5Y 3/2) layer. In
contrast to the paleosol layer, high carbonate contents (10-16%) were measured in both the

lower and upper loess bodies.
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1V.3.2.4. Bonyhddvarasd

In the case of this profile, the organic matter content continuously increases in the lower
loess body towards the paleosol complex (from 1.8% to 3%, Fig. IV.5). A significant decrease
(~2.2%) in the organic matter content can be observed in the lower, light brown layer of the
paleosol, which is followed by an increase (to 3%) towards the chestnut-colored layer.
Subsequently, it falls below 2% in the lower parts of the upper loess body, then starts to increase

again upwards, and reaches its maximum of 4%.
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The carbonate content increases upward from 13% to 18% within the lower loess body.
At the depth of 6.08 m, where the loess—paleosol boundary is located, it drops drastically to
~2%. Its value reaches 8% in the paleosol complex; however, it falls back under 4% in the upper
light brown (2.5Y 3/2) paleosol layer. Within the upper loess body, its value varies in the range
4-13%. The lowest carbonate content values are measured whereas the organic matter values

are the highest. The recent soil cannot be detected clearly on the basis of these values only.

IV.3.3. Grain Size Distribution

The profile of Pécel was the only examined one among the four where grain size
fractions larger than very fine sand were detected. The main reason for this can be the sand
deposits found below the loess body as well as the slight (more than 1%) fine sand content of

the L1S1 paleosol horizon.

1V.3.3.1. Pécel

It can be generally concluded that the proportion of very fine sand is significantly high
(10%) in the entire section (Fig. IV.6). Despite this fact, coarser sand fractions can be detected
only in the fluvial sand layers at the bottom of the loess wall and do not reach 1% in the loess
sediments above. In parallel with the general characteristics of loess walls (Pye, 1995), the two

dominant grain size fractions are the medium (21.6%) and the coarse silt (30.6%).
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Fig. IV. 6. Grain size distribution of the Pécel section without medium and corase sand

Finer fractions become predominant in the range 25.07-25.72 m: 18.1% clay, 24.5%
medium silt, and 26.4% coarse silt. In addition, an unusually high very fine sand ratio (8%) can

be detected here as well.

The grain size composition of the sand body in the range 24.56-25.07 m is predominated
by sand fractions. The proportion of the fine sand and larger fractions exceeds 1% only in this
part within the entire section. However, the 15.5% proportion of very fine sand is combined
with 35.8% fine sand and 10.3% medium sand here. An average ratio of 2.7% coarse sand can

be detected as well.

Between 23.48 and 24.56 m, a loess body (L6) can be found. It can be characterized by
a clay content of 17.5% and predominantly consists of medium (24.6%) and coarse (26.6%)

silt. In addition, 8% of very fine sand can also be detected.

The S5 paleosol layer is located in the range 23.20-23.48 m. In this layer, a clay content
of 19% can be detected, while the medium (24.6%) and coarse (27.4%) silt fractions are

dominant here, with an additional 4.3% of very fine sand ratio.

Between 19.36 and 23.20 m, the proportion of medium silt (22.6%) decreases while the

very fine sand (7.5%) increases compared to the paleosol below the L5 loess.
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The paleosol layer (S4) in the range 19.08—19.36 m shows the highest clay content
(19.9%) within the entire section. In addition, 23.6% of medium silt (close to the average) and

27.4% of coarse silt fractions can be detected as well. The proportion of very fine sand decreases
to 5.8% here.

The L4 loess (in the range 18.72—-19.08 m) is a thinner layer between 2 paleosol
horizons, where the second highest clay (19.6%) content was measured. In this layer, the
proportion of medium silt is similar to that in the paleosol below it. At the same time, the coarse

silt increases to 29.7%, and the proportion of very fine sand decreases to 5%.

1V.3.3.2. Kisdorog-West

The dominant grain size fractions in the lower loess body (3.84-5.6 m) of this profile
(Fig. IV.7) are the coarse (35-39%) and medium (20-26%) silt. The proportion of the coarser
fractions continuously decreases upwards against the finer fractions. At the same time, a
relatively constant proportion of clay fraction was measured here (ranging between 16% and
24%). The proportion of the very fine sand fraction gradually decreases from its maximum of

about 15% upwards to the paleosol complex (to 3.84 m), in which it almost completely

disappears.
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The grain size distribution of the paleosol complex (2.32—3.84 m) is dominated by finer
fractions like clay and very fine silt that reach their maximum here (~28% and ~10%,
respectively). At the boundary of the dark brown (2.5Y 2/2) and light brown (2.5Y 3/2) paleosol
layers (2.52-2.76 m), the very fine silt fraction decreases from 10% to 6%.

Subsequently, the upper loess body (0.40-2.32 m) is dominated by medium and coarse
silt; however, their proportions continuously decrease in parallel with the clay and very fine silt.
A slight peak was detected in the proportion of very fine sand in the range 0.56—0.88 m,

although it still does not exceed 1%.

The clay fraction decreases below 8% in the recent soil levels (0—0.4 m), which is the
smallest value in the entire section. At the same time, this layer is also dominated by coarser
fractions like coarse silt and even the proportion of the very fine sand increases and reaches

6%.

1V:3.3.3. Kisdorog-East

Unlike the Western profile, the lower loess body (6.20-6.40 m) of the Eastern one (Fig.
IV.8) is dominated by medium silt (30-35%), as well as fine and coarse silt (22-28%). The
proportion of the clay fraction decreases from 20% to 8% towards the boundary of the paleosol
complex (6.20 m). Although the very fine sand fraction still can be detected here, its proportion

is significantly less (maximum 4%).
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Fig. IV. 8. Grain size distribution of the Kisdorog-East section

52




The chestnut-brown-colored (7.5YR 3/6) layer (5.84—6.20 m) of the paleosol complex
(in the range 2.72—-6.20 m) is dominated by clay and medium silt (20-28%). Above it, the dark
brown (2.5Y 2/2) layer (4.60-5.84 m) can be found, with a remarkable part between 5-5.50 m,
where the proportion of the smaller fractions significantly increases against the coarse silt. At
the boundary of the middle light brown (2.5Y 3/2, 4.10—4.60 m) and the upper dark brown (2.5Y
2/2,2.164.20 m) paleosol layers, the proportion of the very fine and fine silt increases—similar
to the lower dark brown (2.5Y 2/2) layer; however, the proportion of the medium and coarse
silt decreases. At the same time, the proportion of the clay and very fine silt decreases at the

lower boundary of the upper light brown (2.5Y 3/2) layer.

At the lower levels of the upper loess body (0.36—2.72 m), in the range 1.80-2.60 m, the
proportion of the very fine sand increases to even 4% in some places. The proportion of the silt
fractions continuously increases upwards the recent soil horizon, where they fall back in parallel

with the increase of the very fine sand (up to ~8%).

1V.3.3.4. Bonyhdadvarasd

The dominant grain size fraction of the lower loess body (6.08—8.16 m) of this profile
(Fig. IV.9) is medium silt with values varying in the range 22-33%. Concurrently, the
proportion of clay fraction is also significant; the clay peak of the entire profile is detected here
with a value of ~34%. In the upper part of the lower loess body, the proportion of fine silt

increases by more than 10% against the coarse silt.
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Fig. IV. 9. Grain size distribution of the Bonyhadvarasd section

53



A contrary change can be detected at the boundary of the paleosol complex (3.76—6.08
m) and the lower loess body, where the coarse silt becomes dominant in addition to the medium
silt. The shift of the middle light brown (2.5Y 3/2) and dark brown (2.5Y 2/2) layers (4.84—
5.52) is hardly observable; however, the slight dominance of finer fractions can be detected.
This trend reverses again in the upper dark brown (2.5Y 2/2) paleosol layer (4.36—4.84 m).
These proportions fluctuate intensively within the upper chestnut-brown-colored (7.5YR 3/6)
layer (3.76-4.36 m).

The following layer is the upper loess body (0.15-3.76 m). The lower parts of this level
can be characterized by coarser fractions. In addition to the dominance of coarse silt, the clay
fraction falls below an average of 10%, while an average of 8% of very fine sand can be detected
with a maximum value of ~16%. The upper loess body is almost identical to the lower one in

terms of grain composition.

IV.3.4. Grain Size Indices

1V.3.4.1. Pécel

The MGS value provides relatively less information in the case of the Pécel profile (Fig.
IV.10) due to the presence of the sandy sediment at the bottom of the section. The GSI and U-
ratio values show a peak within the loess bodies and their trends are similar except for their

trends in the L1S1 paleosol layer.
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Fig. IV. 10. Mean grain size and grain size indices of the Pécel sequence

1V:3.4.2. Kisdorog-West

In Figure IV.11, we can see that all three indices show higher values within the lower

loess body, while the lower values of the paleosol complex start to increase only from the middle

of the upper loess body.

55




GSI

0506070809 1 11 1.2
(PR PR PR PR PR PR |

MGS
0
l T,
’ml’!l ”M All
100 x__ﬂl’b_)tn ,L_L
nH -M)u{“tu
,1_)?“' m I '(1
| :h;h'g___l MJ-
‘{‘ll Ul
MM‘M)I(” Mx_!
200 AN il n
i) T)fn!ﬁ‘l“w.
€
&
< 300
Q.
<]
(a)
400 h “.M)n” h”:
. ))H L '
hlf').h))l‘ ” ML.J
’{' f)lf—iqu ( i
500 _‘I )l)l))l'dn_](’l
lll |I
'l_.lf’)h) W l!1§
} \
n l"g'n )T‘)'{{{
600 | I I I |}
14 16 18 20 22 24 26

U-ratio

T 1 (I
1.8 2

VE LT v
22 24 26 2.8

3

Depth (cm)

Fig. IV. 11. Mean grain size and grain size indices of the Kisdorog-West sequence

1V:3.4.3. Kisdorog-East

The GSI value is almost stable within the entire profile (Fig. IV.12) except for some

minor decreases. At the same time, the MGS and U-ratio values show two notable increases

and a similarly significant decrease.

56




100

200

Depth (cm)

500

600

700

GSI
12 18 24

U-ratio

MGS
0.6

NN 1
34441#«.4.41.“
). Hd
u(“l il
"‘f;lLU.J-_L
(TR h
’(]‘-)T '«(‘L‘d}u*{]
u&"u’p"rm’ -
l
u‘hn‘!“!'l'
T |
1};1’Qﬁl“1frf§t|

P Y 1§ 2§y 2§ 0 %9

8 12 16 20 24 28

rlTrJ1vgivrirrcr?,
1.2 1.8 24 3 3.6

Depth (cm)
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111V.3.4.4. Bonyhadvarasd

In the case of this profile (Fig. IV.13), a significant increase can be observed for all three

indices in the lower part of the upper loess body. Two parts with outstanding values of U-ratio

can be seen in the paleosol complex.
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Fig. IV. 13. Mean grain size and grain size indices of the Bonyhadvarasd sequence

IV.3.5. Magnetic Susceptibility

MS peak was detected in the upper part of the upper part of the L5 loess body with values of

Magnetic susceptibility values measured show high variability in the Pécel profile. The

more than 100. For the rest of the profiles, only paleosol layers can be described with higher

MS values. A double peak trend in the MS can be observed in the Transdanubian profiles;

however, the upper peak can be observed in the upper loess body in the case of the Kisdorog-

West section.
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IV.4. Discussion

IVA4.1. Pécel

The periodical and permanent water cover characteristics of the fluvial areas suggest
that intensive element mobilization may have occurred during the deposition of the fluvial
sediments beneath the loess wall. The first stratum of these fluvial sediments is a clay layer.
This is presumably a marsh sediment, the result of this former periodic water cover. A noticeable
part of this section can be found in the range 25.20-25.40 m. At this depth, more than 10%

carbonate content was measured.

The upper boundary of this red sand is a sand layer with a thickness of 51 cm. It contains
massive, cross-layered, and laminated sand, in this order, from bottom to top. These sediments
represent perfectly the development of the former stream’s riverbed. Massive sand indicates a
crevasse splay formation process, while cross-layered sand indicates turbulent, and laminated
sand indicates laminar flow during the deposition of this sediment. The uppermost 7 cm of this

sand layer is red-colored sand.

The L6 loess above, which was deposited on the fluvial sediment (with hiatus in some
places), can be characterized by varying grain size composition and LOI values. In addition,
fine sand can also be found in the lower parts of it. It can be assumed that the accumulation of
the dust started in a period of temporary existing water coverage which may have mixed with
the sand sediment underneath. The S5 layer above is a small paleosol horizon with a thickness

of 28 cm.

Subsequently, a significant weathering horizon can be detected in the L5 loess body,
predominated by finer grain size fractions. Subsequently, continuous soil development can be
reconstructed based on the continuously increasing proportion of organic matter content
towards the S4 paleosol layer. The outstanding GSI and U-ratio values in the range 21.80-21.92
m indicate an increase in wind velocity. Apart from this, no other significant change can be

detected here.

The S4 paleosol layer is a small horizon of 28 cm, which cannot be detected clearly only
on the basis of the changes in grain size distribution; however, it is clearly indicated by the shift
of the Munsell colors and the LOI values. Above the S4 paleosol, a loess layer of 26 cm can be

detected up to 18.72 m, where the paleosol of the previous section ended.
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The subsequent L4 loess body is a small layer of only 36 cm; however, it could clearly
be separated visually from the paleosols below and above it. The decrease in LOI values—a

typical feature of loess sediments—can also be observed here.

The increase in both GSI and U-ratio values within the L3 loess body indicates an

increase in wind and dust storm activities.

In the upper part of the S2 paleosol, the organic matter content increases significantly
while the carbonate content values decrease, presumably due to leaching activity. Here, the
grain size composition is dominated by finer fractions, and particle indices have declined

significantly, indicating warming and a decrease in wind energy.

Above, clay fraction decreases significantly within the L2 loess body, while the
proportion of the coarser fractions slightly increases in parallel with the increase of GSI values,

indicating a significant increase in the transport energy.

In the S1 paleosol, horizons with significant decreases in carbonate content can be
observed, which layers can be considered as leaching horizons. The grain size composition is

dominated by finer fractions; thus, the particle indices are low, indicating low transport energy.

In the L1 complex, the L1L2 and L1L1 loess bodies are dominated by coarser fractions
and higher particle indices, assuming a high wind activity during the accumulation of these
layers. A significant decrease in clay proportion can be observed within the L1S1 paleosol. This
is in parallel with the increase of the GSI values and the decrease of U-ratios. The formation of

the paleosol layer indicates warming, which was interrupted by a cold period of stronger winds.

IV.4.2. Kisdorog-West

This profile is divided into two loess bodies with a paleosol complex of three sublayers
in between. The grain size composition results combined with the color analysis of the samples
clearly indicate the paleosol layers. The lower loess body can be characterized by a high
proportion of coarse silt and very fine sand. In addition, its carbonate content is low and MS

values were measured in the range 10-20.

Among the three parameters gained from the LOI measurements, the low carbonate
content is the one that clearly indicates the presence of the paleosol complex. Clay and very
fine silt are the dominant grain size fractions here. High MS values can be detected in this

section; however, the maximum value is only in the range 70—-80.
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The lower section of the upper loess body is dominated by fine and medium silt in
addition to the extremely high organic matter content and high MS values as well. At the same
time, the upper levels of this loess are dominated by coarser fractions with increased carbonate

and decreased organic matter content.

The particle indices show increased values within the lower loess body while they
decrease significantly up to the paleosol complex before start increase gradually up to the

surface.

IV.4.3. Kisdorog-East

This section is located 700 m away from the western one, on the eastern side of the loess
hill. Its general structure is similar to the western one; 2 loess bodies with a paleosol layer in
between; however, this paleosol can be divided into five sublayers. The lower loess is of small
size, where very fine sand can also be observed. It can be characterized by low organic matter

and MS values.

Within the dark brown layers of this paleosol complex, 2 notable levels can be observed
with high fine silt proportion compared to the coarser fractions. An increase in carbonate

content can also be detected within these levels. MS values measured increase up to 150—160.

Very fine sand fraction occurs again in the lower levels of the upper loess body. From
the depth of 150 cm upwards, carbonate content notably increases in addition to the shift of the

grain size to the finer fractions.

Two notable levels of decrease in the grain size indices can be observed within the

paleosol complex.

IV.4.4. Bonyhadvarasd

Although this profile can be found 7 km away from the profiles of Kisdorog, it is quite
similar to them in terms of structure. The paleosol complex of this profile can be divided into 7
sublayers with a 1-1 loess body above and below it similar to the ones of Kisdorog. The lower
loess body can be characterized by constantly high carbonate as well as continuously increasing
organ matter content upwards. The dominant grain size fraction is medium silt; however, the

proportion of the clay fraction is also remarkable in this layer.
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At the lower boundary of the paleosol complex, a significant decrease in the carbonate
constant and a slight increase in the coarse silt fraction can be detected. The MS values are

generally high in the paleosol layer and almost reach 160.

The very fine sand fraction appears in the lower levels of the upper loess body and its
proportion reaches 16%. At this level, the organic matter decreases below 2% accompanied by
10-12% carbonate content. In its upper section, the particle size is shifted towards the finer
fractions. In addition, the highest organic matter content in the entire section (3—4%) was also

measured here.

Similar to the Kisdorog-East profile, a significant decrease and then increase of the
particle indices can be observed within the paleosol complex, although the highest values here

were measured in the lower parts of the upper loess body.

IV.5. Conclusion

The relative ages of the profiles could be determined by the comparison of the MS
values measured here to the values obtained from the study of the Chinese Loess Plateau
(Figures IV.14 and IV.15). Due to its size, among other factors, more information can be
extracted by the examination of the profile of Pécel than from the three other ones studied in
this paper. By comparing the MS values with the one measured in the case of the Chinese Loess
Plateau, this profile can be traced back to the MIS 9—-10 stages. The deposition of the other three
(Transdanubian) profiles can presumably be dated back to the MIS 2—4; moreover, they can be
parallelized with the L1L1-L1S1-L1L2 strata of the Pécel profile.
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IV.5.1. Pécel

The development of the loess wall and the deposition of its sediments began with the
southward movement of the stream. The variable sand content indicates a periodically
increasing wind energy and velocity of which traces can be detected in the different layers
deposited. However, only smaller periods of time can be characterized by this high wind

velocity.

Ostracods were found in the clay sediment at the bottom of the section, suggesting an
Upper Miocene age of the sediment. Based on the presence of this Upper Miocene stratum, the
erosion of the lowermost part of the profile can be assumed and the deposition of the loess

sediment began after the termination of the fluvial sediment.

IV.5.2. Transdanubian Profiles

In the case of the three Transdanubian profiles, significant differences can be observed
compared to the Pécel one. The topography of the hill area in the surroundings of the examined
profiles can be characterized by northwest—southeast-oriented hills. Based on the grain size
analysis, very fine sand fraction can be detected in the lower loess body of Kisdorog-West and
Kisdorog-East and in the upper loess body of the Bonyhadvarasd profiles. This suggests that
the prevailing wind direction was north—northwest during the deposition of the lower layers and
south—southeast during the deposition of the upper layers. The significant changes observed in
the particle indices also support this assumption for the paleosol complexes. In addition, it can
be concluded that the eastern-oriented profile includes less-developed paleosol horizons. In its
case, only three sublayers could be distinguished and the MS values barely reached 80, while
they increased to 150—-160 in the cases of the other two profiles.
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Development History a MIS 2/3 loess-paleosol sequence supported by a
radiocarbon-based age-depth model, Pécel, Hungary

Laszl6 Mako, Péter Cseh, Baldzs Nagy, Pal Stimegi, David Molnar
Abstract

The loess-paleosol profile of Pécel is an approximately 26-meter-high well-preserved
sequence in the Northern part of the Carpathian Basin, Hungary which was sampled in high
resolution. The research team found the nearby Rékos stream's river sediment beneath the
sequence of which the forming and movement of the riverbank can be traced. The loessy
sediment was deposited on that sediment with an erosion horizon presumably due to water flow.
There were 20 radiocarbon measurements carried out from the samples of the upper 8 meters.
Based on these, and the magnetic susceptibility measurement results, the developing progress
of the loess wall can be traced from this river sediment to the recent surface. Sedimentological
analysis and geochemical indices were used to determine the rate of weathering. The previous
research showed that at about 10 meters, based on the trace elements’ changes it is an alteration
of the dust transport's direction. We assumed that the uppermost, weakly-developed paleosol
layer could be redeposited, which is also proved by radiocarbon dates, and sedimentological
and magnetic susceptibility data. Further research will be based on malacological
investigations, geophysical measurements or probably OSL/IRSL measurements to get to know

the exact age of the sequence.

V.1. Introduction

The study of loess-paleosol sequences has an essential role in the research of the
Quaternary Period (e.g., Pye, 1995; Krolopp and Siimegi, 1995; Gallet et al. 1996; Markovi¢ et
al. 2015, 2018; Ujvari et al. 2010, 2014, 2016). By using basic analytical approaches such as
particle composition, organic matter and carbonate content analysis, identification of the
Mollusca fauna, moreover age data, and the age-depth models obtained from them, changes in
the paleoenvironment and paleoclimate can be examined in high resolution (e.g., Siimegi et al.

2015, 2019, 2020, 2022; Molnar et al. 2021).

The examined loess-paleosol section of Pécel is located in the Carpathian Basin, in
Hungary (Fig. V.1), in the area of the Go6dollé Hills (Dovényi, 2010), 47°29.797°N and
19°21.235°E (WGS 84). A southern exposed, mountain-footed (e.g., Varga et al., 2011; Stimegi
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et al.; 2011, 2016; Bosken et al., 2019; Mako et al. 2021a) wall, which was sampled in 2019
and 2021 (Makoé et al., 2021b, 2023), by using 10 subsections.
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Fig. V. 1. Location of the loess-paleosol sequence of Pécel in the Carpathian Basin ((A) figure: 1. Buda Thermal
Karst, 2. Borzsony, 3. Cserhat (Wikimedia Commons), (B) figure: surface formations (Gyalog and Sikhegyi,
2005), (C) figure: ortophotomap (Google Maps), (D) figure: selfmade site photo); Mako et al. 2021

V.2. Methods

The loess wall with a height of 25.72 m was sampled with an interval of 4 cm for the
laboratory measurements and with an interval of 12 cm (5-5 kg) for obtaining a sufficient
amount of Mollusca material. The mollusc content of the sediment was extracted by wet sieving
followed by H>O» preparation. Subsequently, the extracted material was sorted and identified,

moreover, a part of it from certain depths was selected for radiocarbon measurements.

V.2.1. Grain size analysis

The grain size composition measurements were carried out at the Department of
Geology and Paleontology, University of Szeged by using an OMEC EasySizer 20 device, in
which 42 lasers scan the particle sizes between 0.1-500 micrometers (Stimegi et al., 2019; Maké

et al., 2021, 2023). During the preparation of the samples, the method of Bokhorst et al. (2011)
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was used, and the obtained results were plotted with line diagrams according to the intervals of
the Wentworth scale (Wentworth, 1922). Mean Grain Size (MGS) values were also calculated
from D10, D50, and D75 values.

V.2.2. Magnetic susceptibility

The magnetic susceptibility test (e.g., Zhou et al. 1990; An et al. 1991; Rousseau and
Kukla, 1994; Dearing et al. 1996; Sun and Liu 2000; Zhu et al. 2004; Hlavatskyi and
Bakhmutov 2021) took place at the Department of Geology and Paleontology of the University
of Szeged by using a Bartington MS2 K (Mako et al. 2023) instrument. The air-dried, powdered

samples were measured three times in different directions.

V.2.3. Absolute dating

20 radiocarbon measurements were carried out in the Isotoptech laboratory in Debrecen
(Molnar et al. 2013a, b) by using the extracted snail shells. The obtained BP data were calibrated
with the IntCal20 calibration curve (Reimer et al. 2020) using the Calib 8.2 software (Stuiver
and Reimer, 1993).

V.2.4. Age-depth model, AR, MAR

20 uncalibrated age data were selected for the age-depth model. After several attempts
with Bacon software (Blaauw and Christen, 2011), 17 of them were selected as suitable for
creating the model. The depth of the model was set between 0.44 and 8.84 meters, which covers
the entire L1 section of the profile. 82% of the data provided falls within the 95% confidence
interval. The model was created with an interval of 12 cm (according to the sampling), based
on 16.28 million iterations from 72 sections, from which the accumulation values per
centimeter, the ages and the accumulation rate, were plotted. The Accumulation Rate (AR)
specifies the possible minimum, mean and maximum ages for a given depth, depending on its
dimension (m a’"). From the AR value, the Mass Accumulation Rate (MAR, Ujvari et al., 2010)
can be calculated, which is a value multiplied by the density of the dry powder material (1.5 —
Ujvari et al., 2010) and the mass concentration of the loess (1 — Kohfeld and Harrison, 2001;

Ujvari et al. 2010), with a dimension of g m? a™.

V.3. Results
The description and analysis of the entire profile are presented in two papers (Mako et

al., 2021, 2023), so those results are described that are relevant for this paper. For the separation
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of the loess-paleosol layers, the nomenclature used in the case of the Chinese Loess Plateau
was used (e.g., Kukla, 1987; Harnois, 1988; Kukla, et al., 1990; Ding et al., 2005; Chen et al.,
2006; Liang et al., 2013).

V.3.1. Grain size analysis

Since the age-depth model was made from the upper 8.84 meters of the loess body, the
grain size composition results (Fig. V.2) are shown up to the fine sand fraction in this paper,
because larger fractions did not occur in this depth. It can be observed that the L1L2 loess body
(between 5.64-8.84 m) is predominated by finer fractions, medium and coarse silt.
Subsequently, a protrusion can be observed in the L1S1 (3.00-5.64 m) layer between 3.92-4.56
m, where the clay fraction decreases from 16% to 5% and the ratio of very fine sand doubles,
from 10 to 21%. In the L1 (0.44-8.84 m) loess layer fine sand fraction appears, however, its
maximum value is only 3%. On the other hand, the L1L1 (0.44-3.00 m) loess body is clearly
predominated by coarser fractions. A significant spike can be observed in the case of fine and
medium silt between 2.16-2.56 m, with values above 10% for the former and 20% for the latter,
in parallel with the decrease of the fine sand fraction under 10%. Fine sand fraction appears

between 1.08-1.24 m, however, its maximum value is only 1.6%.
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Fig. V. 2. Grain size composition of the loess-paleosol profile of Pécel (modified, Maké et al. 2021)
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V.3.2. Magnetic susceptibility

The MS curve (Fig. V.3) shows that the L1L2 (5.64-8.84 m) can be characterized by low
values throughout the entire loess body, with an average value of 31. Subsequently, generally
low values can be observed also in the case of the L1S1 (3.00-5.64 m) paleosol layer compared
to the average paleosols. It can be characterized by higher and lower fluctuations, however, the
average values do not exceed 38. The L1L1 (0.44-3.00 m) loess body shows continuously

increasing values in the direction of the recent surface soil, with an average value of 36.
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V.3.3. Absolute dating, AR, MAR

Table V.1 shows the 20 measured age data, of which 17 were used for the modelling.
Data not used are marked with underlining. The first one of these unused data originated from
the recent soil, moreover 1-1 from the paleosol and the lower loess body. In these cases, the
values of these outliers can be considered as measurement anomalies or the pollution of the

samples.

Table V. 1. Radiocarbon ages from the Pécel sequence. The crossed ones was not used in the model

Lab code Depth (cm) Uncal. BP o cal. BP o
BeA-34288 12-24 1381 21 1297 16
DeA-34278 108-120 18105 58 22062 159
DeA-34289 132-144 19698 63 23781 74
DeA-34279 264-276 20135 68 24119 235
DeA-34290 276-288 20361 69 24442 240
DeA-34280 300-312 20004 67 24022 184
DeA-34291 336-348 20556 66 24773 261
DeA-34281 360-372 20634 71 24862 244
DeA-34282 408-420 20775 72 25043 220
DeA-34292 432-444 20902 70 25183 188
DeA-34283 468-480 21113 70 25546 124
DeA-34293 480-492 20541 67 24751 256
DeA-34284 516-528 34640 206 39937 593
DeA-34294 540-552 21266 73 25568 245
DeA-34285 552-564 21008 73 25385 232
BeA-34295 576-588 20141 66 24126 233
DeA-34296 624-636 35214 214 40349 519
DeA-34286 648-660 38904 325 42607 277
DeA-34287 744-756 39385 334 42803 343
DeA-34297 756-768 38639 290 42508 248

The accumulation rate (Fig. V.4) for L1L2 (5.64-8.84 m) indicates a slow accumulation
of 0.3-0.5 cm/year. In the case of the L1S1 (3.00-5.64 m) paleosol layer above it, these values
are between 1.5-2.0 cm/year, however, soil development is the predominant process against the
dust fall activity. Higher (around 1 cm/year) accumulation rates can be observed in the lower
parts of the L1L1 (0.44-3.00 m) loess body, while it decreases to 0.2-0.3 cm/year towards to

recent soil surface.

Since the MAR value aims to determine the falling dust, the section of the paleosol layer
is covered with a grey rectangle. The average value of MAR within the L1L2 loess body (5.64-
8.84 m) is 391, while in the L1L1 (0.44-3.00 m) is 1098. The latter average was increased by

high values near the boundary of the loess and paleosol layers.
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Fig. V. 4. Accumulation rate and MAR values of the Pécel sequence, highlighted the paleosol layer.

V.4. Discussion

The finer particle sizes dominate the L1L2 loess body (5.64-8.84 m) with an MGS value
of 22.41. The MS values are relatively low in parallel with the fact that loess sediments
generally can be characterized by low MS values. The average value is 31. Both the AR and
MAR values are low, indicating a slow accumulation, with some smaller (although not so

significant) outstanding values between 6.50-7.50 m.

The averages shift towards coarser grain size fractions in the L1S1 paleosol layer (3.00-
5.64 m) with the appearance of fine sand with a maximum of 3%. Moreover, a significant
change can also be observed between 3.92-4.56 m within this layer, where clay fraction
decreases to 5% from 16% and the value of the MGS reaches 25.46. The MS values are
relatively low here compared to a general paleosol layer. Although smaller and greater
fluctuations can be observed, its average value is around 38. The high AR values indicate an
accumulation rate of 1.5-2 cm/year, however, the soil development processes should be treated
separately from dust fall processes. MAR results are not taken into account here, as their values

provide information about the mass accumulation of falling dust.

The L1L1 (0.44-3.00 m) loess body is characterized by coarser grain sizes upwards and
an MGS value of 29.01. Fine sand fraction can also be detected here, however, it is less
significant, with a maximum value of 1.6%. MS values here show a steady increase towards

the recent soil, although the mean value is low (due to the fact this is a loess sediment), and can
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be characterized by a value of 36. AR and MAR values are continuously decreasing from the

boundary of the loess and paleosol layer towards the recent soil.

V.5. Conclusion

The age of the entire profile can be dated back to the MIS9/10 (Mak¢ et al., 2023) stages
based on the comparison of the MS curves with the curves of the Chinese Loess Plateau and
the Marine Isotope Stages (Ren et al., 2014; Fig. V.5). Based on the absolute ages it can be
stated that the L1L1-L1S1-L1L2 loess layers assumed to be parallel with MIS 3-4 stages before,
now can clearly be correlated with these levels. By extending the relative ages, considering the
shape of the MS curves and the separation of the different layers, it can be concluded that the
profile can be traced back to the MIS 12-14 stages (the first loess body above the fluvial
sediment at the bottom). However, the MS curves clearly indicate that the L1S1 paleosol layer
is a weakly developed or redeposited paleosol layer, which shows paleosol characteristics in its
color and grain size distribution. The accumulation of the loess body was presumably
interrupted by a stadial stage. The appearance of fine sand and the increasing AR and MAR
values certainly indicate the increase in transport energy, moreover, make possible the
determination of the prevailing wind direction. In addition to the recent research approaches
carried out in this paper, OSL studies could clarify the actual age of the profile. Furthermore,
this research could be supplemented with the study of the malacofauna, which could provide
information on the decadal-centennial changes in the paleoenvironment in the Pécel area to
provide additional information on the environmental changes of the Carpathian Basin in the

past.
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Fig. V. 5. Magnetic susceptibility results compared to the Chinese Loess Plateau data (Ren et al., 2014)
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CHAPTER V1.
Conclusion

This study primarily focuses on the examination and research of the loess-paleosol
sequence of Pécel. The first direction of the research was the comparison between different
chronometric methods usability for age-depth models. This part was discussed in Chapter II.
The results showed that in younger ages (between 0-70 ka.) the radiocarbon method is far more
reliable with the lower uncertainty, because the more accurate the age, the more accurate the
model. However, at older ages, the luminescence methods are also acceptable. In the case of

large sequences, the two methods can be used together, with appropriate model parameters.

In addition to the Pécel sequence, three Transdanubian sequence were investigated also,
for the reason that they provide a basis for comparison in the investigated parameters locally
and regionally. It concluded in the 5 sequences, that there must be a change in the dominant
wind direction, both the grain size composition results and the geochemical element changes in

Pécel support this.

Bodrogkeresztur

The loess-paleosol profile, developed at Bodrogkeresztur (Bosken et al., 2019), is the
result of the changes in the paleoenvironment at the foot of the Carpathians and allows us a
better and more accurate understanding of the setting of the local Gravettian culture in the area.
It deals with the analysis of the particle composition of the section, presents and compares the
age models based on the OSL and radiocarbon derived from the radiocarbon results and
accumulation rates of the section and the nearby Bodrogkeresztur, brickyard 1. The Upper Tokaj
Fossil Horizon appears both at Bodrogkeresztr, brickyard 1, (30895+647 cal. BP) previously
examined by Stimegi (2005) and at Henye Hill (30376+715; Stimegi et al., 2016) section — it
contains Gravettian finds —, but not in the BKT profile. This deficiency, as well as the significant
accumulation, the smaller average particle size, the almost complete absence of the sand
fraction and the increased carbonate content of the whole segment, are the results of
sedimentation processes, recarbonization and leaching. The proximity of the sections, the
consistency of their composition, and the differences in dating make it possible to study the
accuracy and efficiency of dating methods through age-depth models. The accumulation rate
diagrams from the data of our models show that the OSL / IRSL correction methods are not
suitable for constructing accurate Bayesian-type age-depth models because of their high

uncertainty values. To get a better understanding of sediment accumulation, carbon isotopic

75



data would be needed to clarify issues arising from accumulation differences. As radiocarbon
analyzes are no longer available at levels above 65,000 years (Stuiver et al., 1998a, b), it is
necessary to use OSL assays at these levels for more accurate age determination (Ujvari et al.,
2014). However, our section is still at a chronological level measured by the radiocarbon dating

method.

Pécel

The foothill/hill-situated loess-paleosol profile of Pécel is located in the G6d6ll6 Hills
in the northern part of the Carpathian Basin. The preliminary sedimentological and geochemical
investigations have shown that the profile merits conducting further research, as no significant
erosion or intensive weathering could be detected. It carries a wealth of data, which can
perfectly complement the results of the surrounding profiles investigated so far and could
provide data for the study of the climate changes in the Quaternary. The origin of flying dust
and the prevailing winds are also can be examined. The change at about 10 m is an evidence of
the change of the source area of the accumulated dust. The seemingly opposite results within
the L2 loess body may be explained by the further transport of finer fractions (and a sharp
decrease in the proportion of clay) because of the increased transport energy and the deposition
of larger particles. Similar fluctuations can be seen in the case of GSI in the L1S1 paleosol
layer, where the geochemical indices also indicate soil development. Considering the entire
profile, weathering horizons occur at the loess-paleosol transition zones. Besides, malacological
examination of the remaining snail shells of the sediment will provide more accurate

information about the paleoecological factors.

The development of the loess wall and the deposition of its sediments began with the
southward movement of the stream. The variable sand content indicates a periodically
increasing wind energy and velocity of which traces can be detected in the different layers
deposited. However, only smaller periods of time can be characterized by this high wind

velocity.

Ostracods were found in the clay sediment at the bottom of the section, suggesting an
Upper Miocene age of the sediment. Based on the presence of this Upper Miocene stratum, the
erosion of the lowermost part of the profile can be assumed and the deposition of the loess

sediment began after the termination of the fluvial sediment.

The age of the entire profile can be dated back to the MIS9/10 (Mako¢ et al., 2023) stages

based on the comparison of the MS curves with the curves of the Chinese Loess Plateau and
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the Marine Isotope Stages (Ren et al., 2014; Fig. V.5). Based on the absolute ages it can be
stated that the L1L1-L1S1-L1L2 loess layers assumed to be parallel with MIS 3-4 stages before,
now can clearly be correlated with these levels. By extending the relative ages, considering the
shape of the MS curves and the separation of the different layers, it can be concluded that the
profile can be traced back to the MIS 12-14 stages (the first loess body above the fluvial
sediment at the bottom). However, the MS curves clearly indicate that the L1S1 paleosol layer
is a weakly developed or redeposited paleosol layer, which shows paleosol characteristics in its
color and grain size distribution. The accumulation of the loess body was presumably
interrupted by a stadial stage. The appearance of fine sand and the increasing AR and MAR
values certainly indicate the increase in transport energy, moreover, make possible the
determination of the prevailing wind direction. In addition to the recent research approaches
carried out in this paper, OSL studies could clarify the actual age of the profile. Furthermore,
this research could be supplemented with the study of the malacofauna, which could provide
information on the decadal-centennial changes in the paleoenvironment in the Pécel area to
provide additional information on the environmental changes of the Carpathian Basin in the

past.

Transdanubian sequences

In the case of the three Transdanubian profiles, significant differences can be observed
compared to the Pécel one. The topography of the hill area in the surroundings of the examined
profiles can be characterized by northwest—southeast-oriented hills. Based on the grain size
analysis, very fine sand fraction can be detected in the lower loess body of Kisdorog-West and
Kisdorog-East and in the upper loess body of the Bonyhadvarasd profiles. This suggests that
the prevailing wind direction was north—northwest during the deposition of the lower layers and
south—southeast during the deposition of the upper layers. The significant changes observed in
the particle indices also support this assumption for the paleosol complexes. In addition, it can
be concluded that the eastern-oriented profile includes less-developed paleosol horizons. In its
case, only three sublayers could be distinguished and the MS values barely reached 80, while

they increased to 150—-160 in the cases of the other two profiles.
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SUMMARY

The primary goal of this research was the complete investigation of the loess-paleosol
sequence of Pécel, located in the G6dolld hills. During several sampling sessions, a 25.72-
meter-high section was constructed, the upper 24.56 meters of which is a series of loess-
paleosols, 0.51 meters of fluvial sand sediments are located below it, and the lower 0.65 meters,
the Ostracoda fauna found in it based on, clay sediment of Pannonian age. During the
investigations, 6 loess and 5 paleosol layers were isolated. From the layer thicknesses of the
sand sediment, we can conclude that it may be the sediment of the former bed of the Rakos

stream, which flows a few hundred meters from the section.

The entire research covers the examination of 5 loess-paleosol sequences, with different
locations: foothill (Bodrogkeresztar, Pécel) and lowland (Kisdorog-kelet, Kisdorog-west,
Bonyhadvarasd). With the exception of the Bodrogkeresztir section, all the other newly

excavated sections, whose results are compared with each other, contain a lot of information.

The primary investigations were the determination of the organic matter and carbonate
content based on mass loss on ignition (LOI - Dean, 1974), as well as the grain composition.
After the accurate separation of the loess and paleosol layers on the basis of the field description
and the above results, the composition and degree of weathering of the dust sediment that forms
the material of the section was determined with geochemical (XRF) results and the geochemical
indices obtained from them. In the following, a relative age to the profile with a magnetic
susceptibility (MS) test, and an absolute age with 20 radiocarbon ages were assigned. Using the
radiocarbon data, an age-depth model was created, from which the rate of sediment
accumulation was calculated, in order to reveal the intensity of the fall of dust. The oldest
available age from a depth of 7.56-7.68 meters is 42508 cal. BP, which, when compared with
the relative age data, supports the assumed age of the section to be 300-400,000 years old, so

the accumulation on the fluvial sediments began at the MIS 9/10 level.

The usability of age data for age-depth models was discussed in the publication in
Chapter II. on the Bodrogkeresztir section, where radiocarbon and optically stimulated
luminescence (OSL) data from a section were also available. The results show that, due to their
small uncertainty, radiocarbon age data produce more reliable models compared to the results
obtained from luminescence tests. However, the measurement limit of the radiocarbon test is
low (0-70 thousand years), so it can only be used uniformly in very young layers or in

archaeological research. In the case of large, older sections, the mixed use of dating methods is
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unavoidable, however, when creating age-depth models, it is important to accurately determine

the input parameters.

In addition to Péceli, 3 Transdanubian sections were formed, Kisdorog-East (6.40
meters), Kisdorog-West (5.60 meters) and Bonyhadvarasd (8.16 meters). All three sections are
in plain locations and are located in the Tolna Hill area. The Kisdorog sections are located 500
meters apart, on the east and west sides of a hill. This double sampling enabled a local and
regional comparison of the development of the loess-paleosol profiles. In the case of both
sections, only one, however, very developed paleosol layer was excavated. The Bonyhadvarasd
section, located 4 km from Kisdorog, has a southern position and also has a well-developed

paleosol layer.

From the grain size composition results of the three southern (Bodrogkeresztir, Pécel,
Bonyhadvarasd), one eastern (Kisdorog-East) and one western (Kisdorog-West) sections, a
dominant wind direction change (North-Northwest - South-Southeast change) emerges. The
change in the prevailing dust load is also supported by the geochemical results in Pécel, where

a change in element content can be seen at a depth of 10 meters.

The processing of the Mollusca fauna extracted from the sections will give a more

accurate picture in the future, both in terms of climatic and vegetation changes.
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OSSZEGZES

Kutatasom elsddleges célja a Godolldi-dombsag teriiletén elhelyezkedd péceli 16sz-
paleotalaj szelvény teljes megkutatasa volt. Tobb mintazési alkalom soran egy 25,72 méter
magas szelvény keriilt kiakalitasra, melynek a f6ls6 24,56 métere egy l0sz-paleotalaj sorozat,
alatta 0,51 méternyi folyovizi homokiiledék helyezkedik el, az als6 0,65 méter pedig, a benne
talalt Ostracoda fauna alapjan, Pannon koru agyagiiledék. A vizsgalatok soran 6 16sz és 5
paleotalaj réteg keriilt elkiilonitésre. A  homokiiledék rétegvastagsagaibol arra

kovetkeztethetiink, hogy az a szelvénytdl parszaz méterre folyd Rékos patak egykori medrének
tiledéke lehet.

A teljes kutatas 5 10sz-paleotalaj szelvény vizsgalatat fedi le, kiilonb6zd, hegylabi
(Bodrogkeresztur, Pécel), valamint siksagi (Kisdorog-kelet, Kisdorog-nyugat, Bonyhadvarasd)
fekvéssel. A bodrogkeresztlri szelvény kivételével az Gsszes tobbi ujonnan feltart szelvény,

melyek eredményeinek egymadssal valod 0sszehasonlitasa szamos informéciot hordoz magéban.

Az elsddleges vizsgalatok az izzitdsos tomegveszteségen alapuld szervesanyag-, €s
karbonattartalom (LOI - Dean, 1974), valamint a szemcsedsszetétel meghatarozas voltak.
Miutan a terepi leirds és a fenti eredmények alapjan pontosan elkiilonitettem a 16sz és paleotalaj
rétegeket, geokémiai (XRF) eredményekkel és az azokbol nyert geokémiai indexekkel a
szelvény anyagat ado poriiledék Osszetételét €s mallottsagi foka keriilt meghatarozéasra. A
tovabbiakban magneses szuszceptibilitdas (MS) vizsgalattal relativ-, 20 radiokarbon koradattal
pedig abszolut kort rendeltem a szelvényhez. A radiokarbon adatok felhasznéalasaval kor-
mélység modell késziilt, melybdl iiledékfelhalmozodasi rata keriilt szdmitasra, a poranyag
hullas intenzitdsanak feltarasa érdekében. A legiddsebb rendelkezésre allo koradat 7.56-7.68
méter mélységbdl 42.508 cal. BP, mely a relativ koradatokkal Osszevetve aldtdmasztja a
szelvény feltételezhetd 300-400.000 éves korat, tehat MIS 9/10 szintben kezdddott meg a

felhalmozodas a folyovizi iiledékre.

A kor-mélység modellekhez a koradatok felhasznalhatosagat a 2. fejezetben talalhatd
publikdcidban dolgoztam fel a bodrogkereszturi szelvényen, ahol rendelkezésre allt egy
szelvénybdl radiokarbon és optikailag stimulalt lumineszcens (OSL) adat is. Az eredményekbdl
kirajzolodik, hogy a radiokarbon koradatok a kis bizonytalansdguk miatt megbizhatobb
modelleket produkdlnak a lumineszcens vizsgalatokbol nyert eredményekkel szemben. A
radiokarbon vizsgalat mérési hatara azonban alacsony (0-70 ezer év), igy csak nagyon fiatal

rétegekben, vagy régészeti kutatasokban hasznalhato egyontetiien. Nagy kiterjedésti, 1ddsebb

80



szelvények esetében a korolasi modszerek vegyes hasznalata elkeriilhetetlen, azonban a kor-

mélység modellek készitsekor a bevitt paraméterek pontos meghatdrozasa fontos.

A péceli mellett 3 dunantali szelvény keriilt kialakitasra, Kisdorog-kelet (6,40 méter),
Kisdorog-nyugat (5,60 méter) és Bonyhadvarasd (8,16 méter). Mindharom szelvény siksagi
helyzetli, a Tolnai-dombvidék teriiletén helyezkedik el. A kisdorogi szelvények egymastol 500
méterre helyezkednek el, egy domb keleti, valamint nyugati oldalan. Ez a kettds mintazas
lehetdvé tette a 16sz-paleotalaj szelvények fejlodésének lokalis és regionalis 0sszehasonlitasat.
Mindkét szelvény esetében csupéan egy, azonban nagyon fejlett paleotalaj réteg kertilt feltarasra.
A bonyhédvarasdi, egy Kisdorogtél 4 km-re elhelyezkedd, déli fekvésii, szintén jol fejlett

paleotalaj réteggel rendelkezd szelvény.

A harom déli (Bodrogkeresztur, Pécel, Bonyhadvarasd), egy keleti (Kisdorog-kelet) és
egy nyugati (Kisdorog-nyugat) szelvények szemcsedsszetételi eredményeibdl kirajzolodik egy
uralkodé szélirany véltozas (Eszak-Eszaknyugati - Dél-Délkeleti valtozas). Az uralkodd
porhordéas valtozdsat a péceli geokémiai eredmények is aldtdmasztjak, ahol 10 méteres

mélységben elemtartalom valtozas rajzolédik ki.

A szelvényekbdl kinyert Mollusca fauna feldolgozésa a jovOben pontosabb képet fog

adni, mind a klimatikus, mind a vegetacios valtozasok tekintében.
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