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SUMMARY

The loess-palacosol sequence at Stari Kaydaky is located in the southernmost margin of the
penultimate glaciation in the Dnipro Lowland. The ca. 28-m thick exposure comprises loess
intercalated with eight major pedocomplexes. Here we present new magnetostratigraphic,
pedostratigraphic and palynological results which demonstrate the importance of the site for
long-term palaeoclimatic record. Palaecomagnetic data, obtained through thermal and
alternating field demagnetisation, demonstrates the presence of normal polarity within the
entire profile studied indicating a Brunhes chron age of this interval. The new magnetic
susceptibility record and palacopedology below 17.5 m depth indicate the deposition of the
well-developed Upper Shyrokyne (SK-S7), Martonosha (SK-S6), Lubny (SK-S5) and Lower
Zavadivka (SK-S4) soil units (more than 3 m thick each). The section provides a rare
opportunity to investigate short- and long-term climatic changes over the early Middle
Pleistocene in the region. Therefore, the Stari Kaydaky section can be considered as one of
the reference climatic archives in Europe.
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Introduction

Rock magnetic (e.g. magnetic susceptibility) and magnetostratigraphic (magnetic polarity) techniques,
combined with lithological, palacopedological, sedimentological and palynological analyses, is a
powerful tool for the reconstruction of the Pleistocene environmental change and building of relative
chronologies. Magnetic susceptibility stratigraphy does not result in ages but, in combination with
detailed litho-, pedo-, and palynostratigrpahy of a loess-palacosol sequence, provides valuable
chronostratigraphic and palaeoclimatic information. In Ukraine, multidisciplinary palaeoclimatic
studies were focused on the late Middle—Upper Pleistocene loess-soil deposits (Gerasimenko, 2006;
Rousseau et al., 2011; Haesaerts et al., 2016, 2020; Bonchkovskyi, 2020; Tecsa et al., 2020;
Kulakovska et al., 2021), including those at the Stari Kaydaky section (Buggle et al., 2008, 2009).The
late Early and Middle Pleistocene loess-palacosol sequences were comprehensively studied using
combined rock magnetism and palacomagnetic approach aiming on the determination of the
Matuyama/Brunhes boundary (Bakhmutov et al., 2017, 2018; Hlavatskyi and Bakhmutov, 2020,
2021). Thus, an amplification of the Quaternary research in Ukraine, based on updated
magnetostratigraphic and palaeoenvironmental data, is one of the urgent problems in the present-day
study of the regional Pleistocene climate change. Here, we present the joint results of these
approaches for the Stari Kaydaky sequence, partially published in (Hlavatskyi et al., 2021).

Geological setting and sampling

The Stari Kaydaky section (48°22' N, 35°07' E) is located in the Stari Kaydaky village, south of the
city of Dnipro, on the right bank of the Dnipro River. Acknowledged as the reference section of the
Quaternary loess-soil deposits in Ukraine (Veklich and Sirenko, 1972), it was extensively studied in
several sub-profiles, where eight well-developed interglacial soil units were exposed. The
pedosratigraphic and palaeoenvironmental research of the upper 18.5 m of one new sub-profiles (MIS
11-MIS 2) was provided by (Buggle et al., 2008, 2009). We have adopted the magnetic susceptibility
curve of this upper part of the section (Buggle et al., 2009) and have added new results from the lower
units. In our study, 150 samples were taken from the units which are terrestrial equivalents of marine
isotopic stages from 17 to 11, with particular attention to the magnetostratigraphic investigation (50
samples). Detailed sampling strategy and description of the methods used (rock magnetic,
palacomagnetic, palaecopedological, pollen) were described in (Hlavatskyi et al., 2021).

Results and interpretation

Similar to the loess-palacosol sequences in southern Ukraine, the magnetic susceptibility at Stari
Kaydaky increases in palacosols and decreases in loesses (Figure 1A) clearly showing the amplitude
of palacoenvironmental changes recorded within the warm (interglacial) and cold (glacial) stages. The
mean susceptibility of the Stari Kaydaky section in loesses is in the range of 7x107® to 10x10® m’kg™,
which is much lower than that at the south-eastern European and Chinese loess sites. All magnetic,
pedomophological and pollen results provide an evidence for correlating the Pryluky and Kaydaky
(SK-S1) pedocomplexes at Stari Kaydaky to MIS 5, Potyagaylivka (SK-2) and the two Zavadivka
(SK-S3/S4) pedocomplexes to MIS 7—11. Periodicities of the Middle Pleistocene warm stages have
been revealed in the cycles of the formation of loesses and soils. Reddish-brown thick and deeply
weathered subtropical and semi-subtropical palacosols of the Martonosha (SK-S6, MIS 15) and
Lower Zavadivka unit (SK-S4, MIS 11) indicate a warm climate similar to the Mediterranean type,
particularly during the warmer and wetter Martonosha times. The last fact is also proved by pollen
data, which demonstrate the abundance of highly thermophilous taxa during the Martonosha times.
The Upper Shyrokyne soil (SK-S7S1, MIS 17) is a dark brownish-grey Vertisol formed under forest-
steppe vegetation of the warm-temperate climate (S7S1), whereas the Lubny unit (SK-S5, MIS 13) is
represented by a pedocomplex from the upper Chernozem-like soil and the lower Albic Luvisol,
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formed in a temperate climate. The late Middle Pleistocene interglacial soil units SK-S3 and SK-S2
(correlatives of MIS 9 and MIS 7) are also represented by pedocomplexes with the upper Chernozems
and the lower Luvisols, with the larger proportions of broad-leaved trees' pollen in the lower soils.
These soils developed in a warm-temperate climate, and only the uppermost soil of the SK-S2
pedocomplex formed in the cooler climate. In the Upper Pleistocene sequence, the Albic Luvisol of
the Kaydaky unit (SK-S1S2) has a pollen succession of the last interglacial (MIS 5e), with high
percentages of broadleaf trees' pollen indicating the temperate climate. The lower pollen percentages
of broadleaf trees are registered in the Czernozems of the Pryluky unit (SK-S1S1, the correlative of
MIS 5a—c) and indicate the south-boreal (transitional to temperate) climate. The Vytachiv Cambisols
(SK-L1S1, MIS 3) formed under boreal forest-steppe.

Magnetic susceptibility (10'8 makg'1)
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Figure 1 Litho-, pedo- and magnetostratigraphy, magnetic susceptibility curve (in the depth interval
of 0-17 m adopted from (Buggle et al., 2009) (4); stereographic projections of maximum (K1) and
minimum (K3) axes of AMS ellipsoid (B), and ChRM directions after thermal and alternating field
demagnetisation of specimens from the Stari Kaydaky section with their statistical parameters (C)

In order to avoid errors in the palacomagnetic interpretation due to mechanical disturbances (i.e.,
caused by moles) in some units, detailed measurements of anisotropy of magnetic susceptibility
(AMS) were conducted. Our results indicate normal sedimentary magnetic fabric for almost all
samples (Figure 1B), characterized by minimum susceptibility (K3) axes clustered vertically and
grouped in vertical direction, and maximum (K1) axes form a girdle in the horizontal plane. AMS
data indicate primary sedimentary fabric and, thus, palacomagnetic suitability of the loess-palaeosol
sequence. Palacomagnetic investigations indicate exclusively normal polarity of all samples studied
(Figure 1C) demonstrating that the section was formed during the Brunhes chron. Recently, the
Matuyama/Brunhes boundary has been detected in the Roksolany, Vyazivok (Hlavatskyi and
Bakhmutov, 2020) and Dolynske (Hlavatskyi and Bakhmutov, 2021) sections in the Lower
Shyrokyne subunit, shi, (SK-S7S3), which had not been yet excavated in the section studied.
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Conclusions

Investigation at Stari Kaydaky revealed a good correspondence between the soil and pollen sequences
and other palaecoenvironmental records including rock magnetic data. The cyclic climatic changes are
clearly recorded in all proxies studied, against the background of a general trend to an increase in
climatic continentality. The last is reflected in consequent replacement of subtropical and semi-
subtropical soils by those of warm-temperate, temperate, south-boreal and boreal climate. Neogene
warmth-loving relic gradually disappeared from the oldest interglacials to that of MIS 9, and broad-
leaved trees got extinct in the studied area during MIS 3. Among cold stages, the MIS 12, MIS 6 and
MIS 2 were the coolest. Nevertheless, arcto-boreal environments were not revealed. The site
obviously was not located within the periglacial zone, despite not far from its margins. The
Matuyama/Brunhes boundary was not detected within the upper part of the Shyrokyne unit (SK-S7S1,
MIS 17), and it is expected to appear in the lower Shyrokyne subunit, as in the other sites studied in
recent years.
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