" RESEARCH “6(“

Geological Quarterly, 2023, 67: 35
DOI: http://dx.doi.org/10.7306/gq.1705

This paper is a part of Climate and environmental changes
recorded in loess covers (eds. Maria tanczont, Przemystaw
Mroczek and Wojciech Granoszewski)

Magnetostratigraphy of the Pleistocene loess-palaeosol sequences
in Ukraine and Moldova: a historical overview and recent developments

Volodymyr BAKHMUTOV" 2, Dmytro HLAVATSKY!" 2 * and levgen POLIACHENKQ" 2

1 National Academy of Sciences of Ukraine, Institute of Geophysics, Akademika Palladina Av. 32, 03142 Kyiv, Ukraine;
ORCID: 0000-0003-3804-9953 [V.B.], 0000-0002-9901-7827 [D.H.], 0000-0002-3316-4605 [I.P.]

2 Polish Academy of Sciences, Institute of Geophysics, Ksiecia Janusza 64, 01-452 Warszaw, Poland

Bakhmutov, V., Hlavatskyi, D., Poliachenko, ., 2023. Magnetostratigraphy of the Pleistocene loess-palaeosol sequences in
Ukraine and Moldova: a historical overview and recent developments. Geological Quarterly, 67: 35;
https://doi.org/10.7306/gq.1705

The loess-palaeosol sequences of Ukraine and Moldova contain one of the longest and most complete terrestrial records of
Pleistocene climate change in Europe. Magnetostratigraphic studies provide a first-order chronological framework for loess
sequences. The literature on loess magnetostratigraphy by Ukrainian authors from the 1960s to present is vast; however, it
is rather inaccessible to international readers. In this review, we summarize historical stages of the magnetostratigraphic
studies in Ukraine and Moldova, and present recent developments in loess magnetic stratigraphy, including pedo-
stratigraphy based on magnetic susceptibility variations. We highlight recent progress in the determination of the
Matuyama—Brunhes boundary in the Ukrainian loess and discuss future prospects for studies of loess magnetism. In particu-
lar, mismatches between the positions of palaecomagnetic reversal boundaries (e.g., the Matuyama—Brunhes boundary, the
Gauss—Matuyama boundary) and the corresponding pedostratigraphy are discussed in detail.
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INTRODUCTION

The vast expanses of loess-palaeosol sequences in Ukra-
ine and Moldova make these deposits a unique continental ar-
chive of palaeoclimate variations over different time scales
since at least the late Pliocene (Veklich, 1968, 1982). However,
in the Lower—Middle Pleistocene loess sequences, magneto-
stratigraphy is almost the only technique that enables develop-
ment of a first-order chronological framework (Liu et al., 2015;
Song et al., 2018). Once a robust magnetostratigraphy has
been obtained, correlation of magnetic susceptibility records of
loess and marine oxygen isotope (marine isotope stage, MIS)
records (Heller and Liu, 1984; Kukla et al., 1988; Jordanova and
Petersen, 1999; Markovi¢ et al., 2015; Necula et al., 2015) can
be established.

The Matuyama—Brunhes boundary (MBB), the last
palaeomagnetic reversal, which occurred at 780 ka (Shackleton
etal., 1990; Tauxe et al., 1996) or at 773 ka according to more
recent data (Channell et al., 2020; Head and Gibbard, 2015), is
correlated with MIS 19. The Gauss—Matuyama boundary
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(GMB) at 2.58 Ma is another important calibration point, indicat-
ing the Neogene/Quaternary boundary on the geological
timescale (Suc et al., 1997).

Magnetostratigraphic study of the Ukrainian and Moldovan
loess-palaeosol deposits had started by Ukrainian researchers
— O. Tretyak and team — in 1962 (in Tretyak, 1967), twenty
years before the well-known magnetostratigraphic study of the
Chinese loess by Heller and Liu (1982). Although the Ukrai-
nian—-Moldovan loess succession is one of the longest and
most continuously deposited terrestrial sedimentary archives in
the world, comprehensively studied by different methods, much
of the literature generally, and on the magnetostratigraphy in
particular, is inaccessible to international readers. In this paper,
we aim to gather and synchronise all existing data on previous
geomagnetic and palaeomagnetic research on Ukrainian and
the adjacent Moldovan loesses, including developments using
new approaches achieved in recent years. Especially, we high-
light progress in magnetic susceptibility correlations and deter-
mination of the MBB position in Ukrainian loess.

OVERVIEW OF THE HISTORICAL DEVELOPMENT
OF LOESS LITHOSTRATIGRAPHY

Ukraine and Moldova are located in the temperate climatic
belt, only the southern Crimean coast being located in the sub-
tropical belt. The loess-palaeosol succession of Ukraine occu-
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Fig. 1. Pleistocene formations and reference loess-palaesol sites in Ukraine and Moldova according to Veklich (1982) and

Veklich and

The extent of the penultimate glaciation according to Ehlers et al.

Veklich (1993)

(2011); red circles/blue arrows mark the location of sites of stratotype

stratigraphic palaeosol/loess units (Fig. 2)

pies more than 70% of its territory, and the loess-palaeosol suc-
cession of Moldova occupies up to 95% of its area (Veklich,
1968, 1982; Haase et al., 2007; Lehmkuhl et al., 2021; Fig. 1).
The loess deposits include stratigraphically complete se-
quences of the Lower, Middle and Upper Pleistocene up to
60 m thick, which form one of the most comprehensive terres-
trial palaeoenvironmental archives in Europe.

The alternation of loess and palaeosol units provided the
basis for elaboration of the first Pleistocene stratigraphic
scheme of the loess succession in Ukraine (Krokos, 1926),
which included 5 loess units and 4 soil units. A more complete
stratigraphic framework of the Quaternary deposits of Ukraine,
in which 11 loess units and 10 soil units are described (Fig. 2),
was created by Veklich (1968, 1982, 1995), Veklich et al. (1967,
1984, 1993) and Sirenko and Turlo (1986) on the basis of
multidisciplinary study of more than 100 Quaternary sites. This
framework was then further developed (Gozhik et al., 1995;
Gerasimenko, 2004, 2006, 2010; Lindner et al., 2004, 2006;
Matviishyna et al., 2010; Gozhik and Gerasimenko, 2011;
Gozhyk, 2012). This scheme was also applied to Moldovan
loess sequences (Veklich, 1968; Veklich and Veklich, 1993;
Adamenko et al., 1996).

A multidisciplinary palaeogeographical approach was used
to build the framework. It includes the following methods of
palaeoenvironmental study: lithology, palaeopedology (includ-
ing micromorphology), clay mineralogy, sedimentology, pa-
laeogeomorphology, mammal faunas, mollusc faunas, pollen,

cryolithology, luminescence and radiocarbon dating, palaeo-
magnetism, rock magnetism, and, finally, palaeoclimatology
and palaeolandscape analysis (Gozhik et al., 1995, 2000, 2007;
Matviishina et al., 2001; Rousseau et al., 2001; Gerasimenko,
2004, 2006, 2010; Lindner et al., 2004, 2006; tanczont and
Boguckyj, 2007; Buggle et al., 2008, 2009; Smalley et al., 2008;
Boguckyj et al., 2009; Bokhorst et al., 2009; Matviishyna et al.,
2010; Gozhik and Gerasimenko, 2011; Bogucki et al., 2013;
tanczont et al., 2014, 2015, 2019, 2022; Haesaerts et al.,
2016, 2020; Komar et al., 2018; Bonchkovskyi, 2019, 2020;
Gerasimenko and Kovalchuk, 2019; Karmazinenko, 2019;
Matviishyna and Doroshkevych, 2019; Sirenko, 2019; Veklych,
2019; Manyuk, 2021; Matoshko, 2021; Popiuk et al., 2021 and
many others). However, unlike synchronised geochronological
data across neighbouring European loess sites (Moska et al.,
2022; Sumegi et al., 2022 and references therein), many lumi-
nescence and radiocarbon dating results obtained at Ukrainian
sections remain contradictory (Gozhik et al., 2000; Fedorowicz
et al., 2012, 2013; Wulf et al., 2016; Constantin et al., 2019;
Tecsa et al., 2020; discussed in Hlavatskyi and Bakhmutov,
2020).

In northern Ukraine, the Dnipro unit is the main stratigraphic
marker in the Ukrainian Pleistocene stratigraphy: it contains till
of the Saalian glaciation; whereas in the south, the Dnipro unit is
typically represented by the thickest loess unit (Gozhik and
Gerasimenko, 2011). For a detailed description of stratigraphic
units of the loess-palaeosol succession of Ukraine with litho-
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Chronostratigraphic chart
(Veklich, 1968, 1982; Veklich et al., 1984, 1993;

Correlation with MIS Magnetostratigraphic scale
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Fig. 2. Stratigraphic framework of the Quaternary deposits of Ukraine and Moldova, their relation to marine isotope stratigraphy
according to different authors, and the former geomagnetic polarity scale, representing palaeomagnetic boundaries and ages
according to the data of Tretyak et al. (1989)

pedological and magnetic properties, see Gozhik and
Gerasimenko (2011) and Hlavatskyi and Bakhmutov (2020).

Several tens of reference Quaternary sections in Ukraine
had been selected as stratotypes and parastratotypes for the
stratigraphic framework (Veklich, 1982; Fig. 1).

The stratotype of the Quaternary deposits in Ukraine (and
stratotype of the Kaydaky unit) was described from the Stari
Kaydaky section (48°22' N, 35°07’' E; Veklich and Sirenko,
1972; Veklich, 1982), 10 km south of the city of Dnipro (Fig. 1). It
contains all stratigraphic units of the stratigraphic framework of
the Quaternary deposits of Ukraine (Veklich et al., 1984, 1993),
studied in several sub-sections (the integrated thickness of the
succession is 59 m).

The parastratotype of the Quaternary deposits in Ukraine
(and stratotype of the Lubny and Sula units) was described from
the Vyazivok section (49°57’" N; 32°57’ E; Veklich et al., 1967;
Veklich, 1968), 8 km south of the city Lubny (Fig. 1). It is the

most stratigraphically complete section in the Dnipro Lowland
(Veklich et al., 1967; Veklich, 1968, 1982; Matviishina et al.,
2001; Rousseau et al., 2001; Haesaerts et al., 2016). This sec-
tion is 59 m thick and includes eight well-developed palaeosol
units (including the Kryzhanivka unit) which alternate with loess
units.

Since the 1970s, the loess outcrop at Roksolany (46°11°N;
30°26’E) has been recognised as one of the most complete
Quaternary records in the Black Sea area (Tretyak and Volok,
1975; Gozhik, 1976). The 55 m thick section includes extraordi-
narily thick loess units and nine palaeosol units. The section is
one of the most studied loess sites in the region, attracting the
attention of many research groups, including palaeomagne-
tologists (described below).

The older loess succession of the stratotype of the
Kryzhanivka unit and the Kuyalnyk deposits was studied from
the section at Kryzhanivka village (46°33’ N; 30°47’ E), east of
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Table 1

Criteria for dividing the magnetostratigraphic research in Ukraine and Moldova into three main stages in view of the develop-
ment of palaeomagnetic methods and equipment (see text for explanation

Stages of magnetostratigraphic studies

Early Middle Modern
(1962-1994) | (1995-2012) | (2013—present)

Palaeomagnetic equipment used (on the
samples from Ukraine and Moldova)

to

MA-21 astatic magnetometer
LAM-22 astatic magnetometer +
JR-4 spin-magnetometer +
JR-6 spin-magnetometer n
JR-6A spin-magnetometer +

DC SQUID magnetometer
Furnace in Helmholtz coil (20-300°C)

AF demagnetiser in Helmholtz coil (up
60 mT) * + *

MMTD80 furnace
LDA-3A AF demagnetiser +
Shielded room

+
+ +

+

Applied types of demagnetisation

Thermal + + +
Alternating field +
Chemical +

+
+

Application of rock magnetic and auxiliary
techniques

Magnetic mineralogy
Coercivity
Md&ssbauer spectroscopy +
Magnetic susceptibility correlations
AMS
U-Pb provenance of detrital zircons +

+ o+ + + +

Regions studied

Western Ukraine
Central Ukraine
Southern Ukraine
Eastern Ukraine
Moldova

+ o+ + + +

International research teams involved from...

Western Europe
Russia +

+ + |+ + + + o+

Number of loess sections with the de-
tected...

MBB (Ukraine/Moldova)
GMB (Ukraine) 2

5/2 1

~
N

4/0

- =

Odesa (Veklich, 1968). It includes 34 m of well-stratified
Kuyalnyk (subaqueous equivalent of the Beregove unit) to
Zavadivka deposits.

The Pliocene and Lower Pleistocene deposits are best dis-
tinguished at the Beregove section (44°54’ N; 33°36’ E), 30 km
north of Sevastopol, on the western Crimean shore. This sec-
tion is the stratotype of the Beregove unit and it includes a 36 m
thick succession from the Yarkiv to the Berezan deposits
(Veklich, 1982).

The loess sequences in Moldova, Hagimus (46°47’ N;
29°30’ E), Etulia Noua (45°31’ N; 28°26’ E) and many others
were also studied by Ukrainian loess researchers (Veklich,
1968; Veklich and Veklich, 1993; Adamenko et al., 1996). In
terms of stratigraphic completeness and thickness (up to 50 m),
these sections are equal to most Ukrainian reference sections.

In the last few years comprehensive sedimentological
(Matoshko et al, 2019) and palaesomagnetic studies
(Hlavatskyi and Bakhmutov, 2021; Bakhmutov et al., 2021)
were conducted on the Dolynske section (45°30’ N; 28°18’ E) at
the Lower Danube River, southern part of Ukraine. The
palaeomagnetic studies focused on the alternation of
palaeosols, loesses and pedosediments in the Bogdanivka to
Dnipro units, exposed in three sub-sections, in total up to 30 m
thick. The stratigraphic completeness of the Dolynske section,
its geomorphological location within the Pliocene Danube ter-
races, and convenient geographical setting, qualify it to be one
of the reference sections for the loess-soil succession in Eu-

rope. In addition, the lowermost Dolynske 3 sub-section may be
regarded as a continental analogue of the Calabrian and
Gelasian, potentially including both palaeomagnetic boundaries
(Hlavatskyi et al., 2022a, c).

HISTORY OF MAGNETOSTRATIGRAPHIC STUDIES

The 60 years of the magnetostratigraphic study of the Ukrai-
nian—Moldovan loess, as the palaeomagnetic techniques de-
veloped (see Table 1), can be divided into three main stages:

(1) The first stage is the early times of palaeomagnetic re-
search of loess, from 1962 until the publication of the composite
Pleistocene magnetostratigraphic scale of Ukraine (Tretyak
and Vigilyanskaya, 1994). The first stage is separated into two
phases. The first phase (1962—-1975) was a time of field recon-
naissance of loess exposures, extensive study of loess magne-
tism, recognition of mineral-carriers of natural remanent mag-
netisation (NRM), and the development of the main principles of
palaeomagnetic stratigraphy. A detailed investigation of the fine
structure of the geomagnetic field, the construction of the first
regional Cenozoic magnetostratigraphic scales and the resolu-
tion of issues in the palaeomagnetic stratification of the
loess-palaeosol sequences were the focus of the second phase
(1976-1994).

(2) The second stage (1995-2012), the most extensive pe-
riod of loess magnetic research, was the continuation of
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in-depth research aimed at determination of the MBB and GMB
by the Ukrainian research teams, and the rise of international
involvement which brought new methods including magnetic
susceptibility stratigraphy, usage of SQIUD magnetometers
and novel software tools. The first stratigraphic correlation of
the Ukrainian—-Moldovan loess using magnetic susceptibility
with other loess records in the world and with marine oxygen
isotope stages was the focus of the second stage.

(3) The third stage (2013—present), which was preceded by
a hiatus in research by international teams, is characterised by
recent resumption of palaeomagnetic and rock magnetic re-
search, published in high-profile journals and at international
conferences. The main aim of the studies was the resolution of
the problem of correlation of some key sections in the glacial
and non-glacial zones and credible determination of the MBB in
the loess cover of Ukraine. Different western European re-
search groups carried out study on loess magnetism as a
palaeoclimate proxy. Recently published studies by the authors
of this paper are part of this third stage.

EARLY PERIOD (1962-1994): FOUNDATION

The first palaecomagnetic study of the upper Neogene (for-
merly named as late Tertiary) and Quaternary deposits of
Ukraine and Moldova was started by the Ukrainian research
team headed by O. Tretyak in 1962 (in Tretyak, 1967) at the In-
stitute of Geophysics of the NAS of Ukraine (Kyiv). O. Tretyak
was thus a pioneer of the palaeomagnetic investigation of
loess.

The first palaesomagnetic measurements on loess as well as
its magnetostratigraphic interpretation were applied by Tretyak
(1967) on samples collected from the loess sites in southern
Moldova (Slobozia Mare, Cislita-Prut sections and Beleu lake),
the Odesa suburbs (Khadzhybey Estuary, Kryzhanivka), Cri-
mea (Cape Tarkhankut, Beregove), and the Dnipro River (Stari
Kaydaky; Fig. 3). In successive studies, O. Tretyak and team
studied more than 60 key loess-palaeosol sequences in
Ukraine and Moldova (Tretyak, 1972, 1980, 1983; Tretyak and
Volok, 1974, 1975, 1976, 1982; Dudkin, 1983; Tretyak et al.,
1987, 1989; Fig. 3).

A distinct feature of these studies was large-scale fieldwork
including continuous sampling and many laboratory measure-
ments of duplicate specimens, using thermal and alternating
field demagnetisation procedures. Continuous sampling was
carried out with a resolution of 5 cm and cubes with an edge of 5
cm were made directly at study sites. The samples were mea-
sured using astatic magnetometers (LAM-22 and MA-21) at the
Kyiv palaeomagnetic laboratory (located in the village of
Demydiv, 35 km north of Kyiv). For the standard procedure of
thermal and alternating field demagnetisation in non-magnetic
space (Helmholtz rings) equipment produced in the Institute
was used. However, during the measurements by astatic mag-
netometers, it was impossible to isolate the specimens from the
influence of the geomagnetic field, which contributes to the for-
mation of viscous magnetisation (caused by superparamag-
netic grains). If the superparamagnetic component made a sig-
nificant contribution to the magnetisation of the samples (espe-
cially in palaeosol layers from the southern regions), the results
of determining the direction of primary magnetisation after mag-
netic cleaning were not considered as reliable and were ex-
cluded from further interpretation (Tretyak, 1983).

Iron minerals were considered as carriers of rock NRM and
their magnetic characteristics were studied (Tretyak, 1983).
Theoretical and methodological developments were used to
justify the technique of systematic temperature cleaning of the
magnetisation of sedimentary rocks (Tretyak, 1967, 1983). In
addition, mechanisms of chemical remanent magnetisation and
its diagnostic signs were thoroughly studied (Tretyak, 1983).

Special attention was paid to the development of magneto-
stratigraphic scales in sedimentary rocks. As the Brunhes
chron geomagnetic excursions (including those recorded in
subaerial deposits) were actively studied at the time (see
Petrova et al.,, 1990, 1992 and references therein), the “fine
structure” of the geomagnetic field in the Pliocene—Pleistocene
was analysed (Tretyak, 1983; Dudkin, 1983; Tretyak et al.,
1987), and on this basis, a regional palaecomagnetic strati-
graphic scale of the Pliocene-Quaternary deposits of Ukraine
and Moldova was developed (Tretyak et al., 1989; Tretyak and
Vigilyanskaya, 1994).

In the early magnetostratigraphic studies (Tretyak and
Volok, 1975, 1976, 1982; Tretyak, 1980, 1983), following the
geomagnetic polarity scale of Cox (1969), the position of the
MBB in the Ukrainian—Moldovan loess sequences was not
clear: it was initially inferred to be in the Berezan loess, the up-
per or lower part of the Sula loess, or the Lubny palaeosol. For
instance, at Hagimus (eastern Moldova) as well as at Urzuf
(Azov Lowland), the Matuyama/Brunhes reversal was initially
identified in the upper part of the Sula loess unit (Tretyak,
1983). However, based on the thorough study of other southern
Ukrainian and Moldovan key sections (e.g., Kryzhanivka, Etulia
Nouad) the MBB was detected in the Shyrokyne palaeosol (e.g.,
Tretyak et al., 1987, 1989; Fig. 4). Consequently, it was sug-
gested (Tretyak and Vigilyanskaya, 1994) that the Shyrokyne
soil unit represents the first interglacial within the Brunhes
chron.

Initial palaecomagnetic studies at the Roksolany site, cou-
pled with radiocarbon and thermoluminescence dating (Tretyak
and Volok, 1975; Gozhik, 1976; Tretyak, 1980), did not detect
the MBB; however, frequent changes of magnetic polarity were
reported (Fig. 4). Tretyak et al. (1987, 1989) interpreted the
palaeomagnetic data obtained at Roksolany as representing
geomagnetic events (excursions) of an unstable geomagnetic
field within the Brunhes chron.

In the Kryzhanivka section, Tretyak et al. (1987) found the
MBB lay in the Shyrokyne unit (Fig. 4). In the mid-part of the
10 m thick Berezan unit a thin (1.0 m) normal polarity zone
(overlying the 0.4 m thick red-brown clay layer br;) was inter-
preted as the Jaramillo event (former age 900-960 ka).

In the Beregove section, the Gauss—Matuyama reversal
was detected in the Kyzyl-Yar unit (Tretyak et al., 1987; Fig. 4).
Also, a few zones of normal polarity within the Matuyama chron
were identified and named by Tretyak et al. (1989) as the Re-
union, Olduvai and Gilsa excursions (Fig. 2, right). The 1.5 m
thick Berezan unit at Beregove is characterised by reversed po-
larity. However, the position of the GMB at Velyka Lanna (bore-
hole 11, northern Donbas) was identified by O. Tretyak in the
upper part of the Bogdanivka soil unit (Sirenko et al., 1993).

In 1968-1969 a few sections in southern Ukraine (e.g.,
Melekyne) and Moldova (Hagimus, Etulia Noua and others)
were studied by Russian palaesomagnetics workers (published
in 1970-1973: Pevzner, 1970; Virina et al., 1971; Pospelova
and Gnibidenko, 1972; Velichko et al., 1973a, b). Additionally,
in 1978-1979 samples from loess sections located within the
Dnipro Upland (Stayky, Muzychi, Vyshhorod etc.; S. Faustov
and teamin Veklich, 1982; Faustov et al., 1989), Middle Dnister
basin (Kulikova, 1980), Kerch peninsula (Zubakov et al., 1982)
were palaeomagnetically studied. Due to large sampling inter-
vals, these studies were of a reconnaissance nature, in which
general patterns of changes in the geomagnetic field were dis-
tinguished. A number of essential details were omitted, which
affected the stratigraphic and magnetostratigraphic conclu-
sions of the authors, in particular, on the division of the terrace
successions of the river Dnister (\Veklich, 1982).

In the first stratigraphic schemes of Ukraine (Veklich, 1982,
1987, 1995; Veklich et al., 1984, 1993) the MBB was linked to
the upper part of the Martonosha soil unit (correlative
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Fig. 4. Correlation chart of key loess sections of Ukraine and Moldova that have been studied palaecomagnetically (Tretyak,
1980, 1983; Tretyak et al., 1987, 1989; Vigilyanskaya, 2001)

kl — Kuyalnyk unit, jr — Yarkiv unit

of MIS 19-23; Fig. 2). The Pryazovya loess (MIS 24) and upper
part of the Shyrokyne soil (MIS 25), characterised by normal po-
larity, were correlated by Veklich (1982, 1987) and Veklich et al.
(1984, 1993) with the Jaramillo subchron, while others (Tretyak
etal., 1987, 1989; Tretyak and Vigilyanskaya, 1994) considered
them to be part of the Brunhes chron. There was also a signifi-
cant difference in the interpretation of the position of the GMB.
Veklich (1982) positioned this boundary (and the boundary be-
tween the Neogene and Quaternary) in the upper part of the
Beregove unit, while Ukrainian palaeomagnetologists found the
GMB in the Kyzyl-Yar loess unit in the Beregove stratotype sec-

tion (Tretyak et al., 1987, 1989).

MIDDLE PERIOD (1995-2012): INTERNATIONAL COLLABORATION

The next important advance in palaesomagnetic study of
these loess successions took place in the second half of the
1990s and the 2000s, when systematic magnetostratigraphic

and rock magnetic studies in the western Black Sea region,
Middle Dnipro region and Volyn-Podilia Upland were conducted
by several international research teams.

Nawrocki et al. (1996) analysed and compared the mag-
netic susceptibility record in the western Ukrainian and Polish
loess-palaeosol sequences. These authors concluded that the
magnetic susceptibility varies mainly with the degree of decom-
position of detrital magnetite grains, in turn conditioned by
palaeoclimate. The susceptibility curves of the Boyanychi sec-
tion in western Ukraine (Fig. 5) and some Polish loess sections
were correlated with the oxygen-isotope fluctuations in
deep-sea sediments established in Shackleton et al. (1990).

In Nawrocki et al. (1999), magnetic susceptibility records
from the Volyn Upland (at Boyanychi), the Podilia Upland
(Yezupil) and the Black Sea Lowland (Prymorske/Kurortne;
Fig. 5) were compared. At Prymorske, a distinct magnetic sus-
ceptibility peak in the Zavadivka soil unit, in view of the
thermoluminescence data of Gozhik et al. (1995), was corre-
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lated with the Holstein interglacial. A detailed palaeomagnetic
investigation (above the Lubny unit) did not detect the presence
of reversed polarity in the samples, indicating deposition of the
succession studied after the Matuyama/Brunhes reversal.

Based on the combined results of investigations into key
sections in Moldova (at Etulia Noua, Kolkotova Balka) and
southern Ukraine (at Roksolany), a chronostratigraphy, which
differed from the previous ones, was proposed by Russian and
other international workers (Heller et al., 1996; Tsatskin et al.,
1998, 2001, 2008; Sartori, 2000; Evans and Heller, 2003;
Gendler et al., 2006; Dodonov et al., 2006). Ukrainian scientists
did not participate in these studies and Ukrainian stratigraphy,
biostratigraphy and previous palaeomagnetic results were
overlooked. According to Heller et al. (1996) and Tsatskin et al.
(1998) the MBB at Roksolany was detected in the L6 loess unit
which, according to previous interpretation (Gozhik et al.,
1995), corresponds to the Tyasmyn unit (and MIS 6). Further-
more, Sharonova et al. (2004) and Pilipenko et al. (2005) identi-
fied three reversed-polarity episodes in the upper part of the
section. At Etulia Noua, the MBB was identified in the PK7 soil
unit, which was correlated previously by Veklich and Veklich
(1993) with the Lubny unit (MIS 13—17). Nonetheless, Tsatskin
et al. (2001) correlated the L6 loess unit with MIS 20 and the
PK7 soil unit with MIS 21. This magnetostratigraphic interpreta-
tion brought confusion to Ukrainian loess stratigraphy for many
years (Gozhik, 2013).

In the Zahvizdya section in western Ukraine (Fig. 5),
Nawrocki et al. (2002) identified the MBB in the Zahvizdya
hydromorphic palaeosol labelled as S7 (which is comparable to
the Martonosha unit). A correlation between the S7 palaeosol at
Zahvizdya and the PK6 palaeosol of Tsatskin et al. (1998) at
Roksolany, and, thus, MIS 19, was suggested (Nawrocki et al.,
2002).

The anisotropy of magnetic susceptibility (AMS) of the
youngest loess in western Ukraine was analysed and the pre-
vailing palaeowind directions during the Weichselian were inter-
preted (Nawrocki et al., 2006). It was concluded for the first time
that the Ukrainian loess deposits, like the Chinese and Alaskan
loesses, appear suitable for application of the AMS method.

Palaeomagnetic studies of the Kolodiyiv loess section in
western Ukraine (Fig. 5) have identified the Blake (118 kyr) and
Laschamp (40 kyr) palaeomagnetic episodes (Nawrocki et al.,
2007). The former was found in the upper soil of the last inter-
glacial (Horokhiv, correlated with MIS 5e), while the Laschamp
episode was identified in the upper part of the Dubno palaeosol
unit (MIS 3).

In the Skala Podilska section (Podilia Upland; Fig. 5), the
MBB was detected in the upper part of the alluvial deposits
overlain by the Martonosha soil unit (S6; Boguckyj et al., 2009).
Boguckyj et al. (2009) explained the stratigraphic position of the
MBB in terms of the local geomorphological conditions of sedi-
ment accumulation, the peculiarities of the genesis of the allu-
vial facies, local redeposition of material, as well as significant
epigenetic weathering of the sediments. In addition, in the up-
permost part of the section at a depth of 0.5 m, in the near-sur-
face chernozem-type soil, a reversed polarity direction associ-
ated with the Blake palaeomagnetic event was observed
(Boguckyj et al., 2009).

Rousseau et al. (2001) used magnetic susceptibility as a
tool in the chronostratigraphic interpretation of the Ukrainian
loess sequence in the northern glaciated area. The low-field
magnetic susceptibility, palynology and pedostratigraphy of the
Upper Pleistocene sequence at Vyazivok were found to be very
similar with those of the Vestonice section (Czech Republic). As
a result, the Kaydaky soil unit of VVyazivok was correlated with
MIS 5e (Rousseau et al., 2001).

In addition to the grain-size distribution and pedo-chemical
elemental ratios, magnetic susceptibility as a proxy for precipi-
tation (and temperature) was analysed from the Stari
Bezradychi, Pyrogove (Middle Dnipro area) and Sanzhiyka
(western Black Sea shore) loess sections and correlated with
those in Serbia (Bokhorst et al., 2009). By the close similarity of
the magnetic susceptibility records in the different loess sec-
tions, it was shown that these ratios reflect the effects of weath-
ering intensity as a result of precipitation changes.

Buggle et al. (2008, 2009) based on the results of detailed
geochemical, palaeopedological, pollen and magnetic suscep-
tibility studies of the Stari Kaydaky section, correlated its late
Middle—Upper Pleistocene interval with that in the Serbian and
Romanian loess sites and with the global marine isotope record
(Lisiecki and Raymo, 2005). Referring to very similar results
from Vyazivok (Rousseau et al., 2001), the Kaydaky soil unit at
Stari Kaydaky was correlated with MIS 5e. Below in the section,
four interglacial soil units were described, Potyagaylivka, Upper
Zavadivka, Lower Zavadivka and Lubny, which were correlated
with MIS 7, MIS 9, MIS 11 and MIS 13-15, respectively. The
palaeomagnetic investigation of this interval by V. Bakhmutov
(in Buggle et al., 2009) corroborated that the succession was
deposited during the Brunhes chron.

Magnetostratigraphic studies carried out by the Ukrainian
research group continued. Vigilyanskaya and Tretyak (2000)
and Vigilyanskaya (2001, 2002) described magnetostratigra-
phic data for several loess-palaeosol sequences located in the
Middle Dnipro region and Donbas. The GMB was interpreted to
be in the upper part of the Bogdanivka soil unit in the
Novoselivka borehole (Vigilyanskaya and Tretyak, 2000),
whereas the MBB was detected in the Shyrokyne soil unitin the
Novoselivka borehole as well as at the Bantysheve, Muzychi,
Grebeni and Vyazivok sections (Vigilyanskaya and Tretyak,
2000; Vigilyanskaya, 2001, 2002; Fig. 5).

Bakhmutov et al. (2005) conducted alternating field demag-
netisation and thermal demagnetisation of samples from the
Dolynske section. According to their interpretation, the MBB fits
within the Lubny soil unit (according to the stratigraphic scheme
of Veklich and Veklich, 1993), which was thus renamed as the
Martonosha unit (Bakhmutov et al., 2005). Similar results were
obtained from the loess section at Adzhamka (Dnipro Upland),
where the MBB was interpreted to be located at the top of the
Martonosha soil unit (Sirenko et al., 2008). However, at several
Southern Bug valley sections (Gayvoron 1, Gayvoron 2,
Trostyanets; Fig. 5), studied by V. Bakhmutov in 2008 (in
Matviishyna, 2011), the MBB was not detected in the lowermost
stratigraphic layers (Martonosha and Pryazovya units).

In stratigraphic schemes proposed for the Ukrainian Qua-
ternary at the time, the MBB was placed in the lower part of the
Martonosha unit (MIS 17-19; Gozhik et al., 2000; Lindner et al.,
2004, 2006; Matviishyna et al., 2010; Gerasimenko, 2010;
Gozhik and Gerasimenko, 2011; Gozhyk, 2012; Fig. 2). De-
spite the updated magnetostratigraphic data of Tretyak and
Vigilyanskaya (1994), Vigilyanskaya and Tretyak (2000) and
Vigilyanskaya (2001, 2002), the Pryazovya loess and upper
part of the Shyrokyne soil, characterised by normal polarity,
were still correlated by geologists with the Jaramillo subchron.
Only one stratigraphic scheme of the loess-palaeosol succes-
sion of Ukraine, in which the Shyrokyne unit was equated with
MIS 17-19 (Bolikhovskaya and Molodkov, 2006; Fig. 2), was in
agreement with the palaeomagnetic studies. Another signifi-
cant difference in the stratigraphic models proposed for the
loess-palaeosol sequences of Ukraine (Fig. 2) was the chrono-
logical placement of the Kaydaky palaeosol unit and the Dnipro
loess. In view of the new data, some authors (Rousseau et al.,
2001; Vozgrin, 2001; Gerasimenko, 2004, 2006, 2010;
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Bolikhovskaya and Molodkov, 2006; Buggle et al., 2008, 2009;
Matviishyna et al., 2010) correlated the Kaydaky unit with MIS
5e and the Dnipro unit with MIS 6, while others (Veklich, 1995;
Gozhik et al., 2000; Lindner et al., 2004, 2006; Gozhyk, 2012)
continued to correlate these units with MIS 7 and MIS 8.

According to Gozhyk (2012), the Pliocene/Pleistocene
boundary is correlated with the lower part of the Siversk loess
unit. However, according to the latest palaeomagnetic study
(Tretyak and Vigilyanskaya, 2000), the GMB, and thus, the
Pliocene/Pleistocene transition, lies within the upper part of the
Bogdanivka soil unit.

MODERN PERIOD (2013-PRESENT)

A new stage of the magnetostratigraphic research in
Ukraine was largely inspired by P. Gozhyk (see Gozhik, 2013)
at the Ukrainian—Polish conference, held in Roksolany in 2013.
At the conference, new preliminary palaesomagnetic results of
the upper part of the Roksolany section were presented by
Bakhmutov and Hlavatskyi (2013). In further studies, the lower
part of the section was studied and the MBB was detected be-
tween two soils, interpreted by Gozhik et al. (1995, 2000, 2007)
and Bogucki et al. (2013) as the Lubny and Martonosha units
(Bakhmutov and Hlavatskyi, 2014a, b; Hlavatskyi and
Bakhmutov, 2019). In parallel, detailed rock magnetic
(Bakhmutov et al., 2017) studies of the Roksolany section and
of the anisotropy of magnetic susceptibility (Nawrocki et al.,
2018b) of its upper loess layers were published. As a result of
compilation of AMS and U-Pb provenance studies of detrital zir-
cons, a NW-SE transport direction and Carpathian primary
sources of loess material were documented (Nawrocki et al.,
2018b).

Extensive palaeomagnetic studies were conducted on the
western Ukrainian loess sequences. The Pringle Falls
palaeomagnetic event, dated at 212 kyr, was discovered at the
archaeological site of Velykyi Hlybochok (Fig. 6) at the level of
the Korshiv palaeosol unit (MIS 7; tanczont et al., 2014). In ad-
dition, in the humus horizon of the lower Horokhiv soil (corre-
sponding to the last interglacial) in the Palaeolithic section at
Pronyatyn (Fig. 6), the Blake event was detected (Lanczont et
al., 2015).

Subaerial Pleistocene deposits were studied
palaeomagnetically in the Bukovynka Cave (Bondar and
Ridush, 2015) and the Neporotove section (Bondar et al., 2019)
within the Upper Dnister basin (Fig. 6). In the former, a geomag-
netic inversion was interpreted as the Etrussia excursion, dated
at 2.8 ka BP.

In the Volyn Upland, Hlavatskyi et al. (2016a) and
Bakhmutov et al. (2017) studied the Boyanychi and Korshiv
sections and did not detect geomagnetic events within the
Brunhes chron. The authors noted that there is no clear de-
pendence between magnetic susceptibility variations and
loess-palaeosol lithology.

In the following study, Hlavatskyi et al. (2016b) described
palaeomagnetic and rock magnetic data from the Vyazivok
section. The MBB was detected in the upper part of the lowest
soil (shp1) of the Shyrokyne palaeosol unit (Fig. 7). Further-
more, a short zone of reversed polarity was detected in the
lower part of the Lower Zavadivka subunit (zv4), interpreted by
Hlavatskyi and Bakhmutov (2020) as the Unnamed event esti-
mated at 430 ka, by analogy to that in the Udvari-U2 section in
Hungary (Stmegi et al., 2018).

In the Palaeolithic site of Korolevo (Transcarpathia), the
MBB was recorded in the S7 illuvial soil horizon assigned to the
Martonosha unit (Nawrocki et al., 2016). Research conducted
previously showed that the MBB is located in the loess layer be-

tween palaeosols VIII and IX (Adamenko et al., 1989 fide
Koulakovska and Usik, 2011) or in the lithological layer 21 (be-
low the S7 palaeosol; Haesaerts and Koulakovska, 2006 fide
Koulakovska and Usik, 2011). According to Nawrocki et al.
(2016) the Jaramillo subchron was detected (based on two
samples) in the S8 soil, correlated with the Lower Shyrokyne
subunit. In the subsection studied by Nawrocki et al. (2016), the
Martonosha soil (S7) is deformed by cracks and erosionally
overlies the Shyrokyne unit.

In the Palaeolithic sites and loess-palaeosol sequences of
Medzybizh and Holovchyntsi (Podilia Upland), which are under-
lain by the Shyrokyne and lllichivsk alluvial units, respectively,
the MBB was not identified (Bakhmutov et al., 2018; Hlavatskyi,
2019). A reversed polarity zone in the lower part of the Lower
Zavadivka subunit (zv4) at Medzhybizh was correlated with the
Unnamed event (at 430 ka) similar to that at Vyazivok
(Hlavatskyi et al., 2021b).

A possible Hilina Pali excursion (c. 18 ka) was detected in
the uppermost loess layer in the Rivne section (Nawrocki et al.,
2018a). Furthermore, new AMS results were described from
the Korshiv and Cherepyn sections which allowed the first de-
tection of the timing of ice sheet advance and the appearance of
katabatic winds (Nawrocki et al., 2019).

Based on rock magnetic proxies, Bradak et al. (2019) com-
pared pedogenic and palaeoclimate changes recorded at four
Ukrainian (Roksolany, Zahvizdya, Korolevo and Skala
Podilska) and central-southeastern European loess sites.
Magnetic data shows that the palaeosols — correlatives of MIS
19, MIS 15 and MIS 11 — are the most strongly developed
palaeosol units, formed in a sub-Mediterranean climate in the
south and a humid and temperate climate in the north.

Tecsa et al. (2020), based on optically stimulated lumines-
cence dates, palaeopedological and magnetic susceptibility
proxies, correlated the formerly designated Dofinivka palaeosol
(MIS 2 interstadial) at Kurortne (Gozhik et al., 1995) with the
Pryluky/Kaydaky palaeosol unit and MIS 5. Additional palaeo-
magnetic study of the 2 m thick lowermost part of the Kurortne
section (Martonosha soil and Sula loess, below the excavation
of Nawrocki et al., 1999) still did not detect the presence of
Matuyama chron (Hlavatskyi and Bakhmutov, 2021).

In view of the magnetostratigraphic data from Vyazivok and
similar lithopedological patterns at Roksolany, a new
chronostratigraphic model (Fig. 7), partially supported by com-
pilations of existing luminescence dates (Fedorowicz et al.,
2012, 2013; Constantin et al., 2019, 2021) and magnetic sus-
ceptibility proxies was proposed (Hlavatskyi and Bakhmutov,
2020). The Lubny unit (according to Gozhik et al., 1995) with the
detected MBB was reinterpreted as the Shyrokyne unit, corre-
lated with MIS 19. The Martonosha unit was correlated with MIS
17 (Fig. 8, version 1). A reversed-polarity episode above the
Martonosha unit was, thus, interpreted as a Stage 17 excursion
(670 ka; Hlavatskyi and Bakhmutov, 2020).

The study of the Vyazivok and Roksolany sections was fol-
lowed by palaesomagnetic and rock magnetic results with a new
stratigraphic interpretation of the lower Middle Pleistocene de-
posits exposed at Stari Kaydaky (Hlavatskyi et al., 2021a;
Gerasimenko et al., 2022) and the late Lower—Middle Pleisto-
cene deposits studied at Dolynske (Hlavatskyi and Bakhmutov,
2021). At Stari Kaydaky, 11 m below the excavation of Buggle
etal. (2008, 2009), the MBB was not detected (Fig. 7); however,
the Martonosha unit and the Upper Shyrokyne subunit are char-
acterised by normal polarity. It was suggested (Hlavatskyi et al.,
2021a) that the well-developed red-brown palaeosol of the
Martonosha unit should correspond to the warm MIS 15, and
the vertisol of the Upper Shyrokyne subunit, formed in more
temperate climatic conditions, may correspond to the colder
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Fig. 7. Correlation chart of reference sections of Ukraine studied in recent years using magnetostratigraphy and low-field
magnetic susceptibility y; (Hlavatskyi and Bakhmutov, 2020, 2021; Hlavatskyi et al., 2021a)

Loess-soil nomenclature of individual sites in Hlavatskyi and Bakhmutov (2020, 2021) and Hlavatskyi et al. (2021a) has been adapted
from the Chinese (Heller and Liu, 1982; Kukla, 1987) and Danube loess studies (Buggle et al., 2008), in which added prefixes designate
the location of the sections, i.e.; V — Vyazivok, R — Roksolany, SK — Stari Kaydaky, D — Dolynske; other explanation as on Figure 4

MIS 17 (Fig. 8, version 2) following regional (Sirenko and Turlo,
1986; Gerasimenko, 2010; Sirenko, 2019) and global (Shackle-
ton et al., 1990; Lisiecki and Raymo, 2005; Varga, 2015;
Sumegi et al., 2018) palaeoclimatic trends of the Middle Pleisto-
cene.

At Dolynske, the former magnetostratigraphy and strati-
graphic classification of the loess-palaeosol sequence
(Bakhmutov et al., 2005) has been recently revised (see
Bakhmutov et al., 2021). The MBB boundary was detected in
the Lower Shyrokyne subunit (Fig. 7) separated from the Upper
Shyrokyne subunit by loess-like loam similar to that in the
Shyrokyne suite at Roksolany (Hlavatskyi and Bakhmutov,
2021). Therefore, the luvisol of the Lower Shyrokyne subunit
was correlated with MIS 19. This allowed for the preliminary
correlation of the southern Ukrainian loess deposits with those

in the Danube Basin and Central Asia, as well as with the ma-
rine isotope stratigraphy (Hlavatskyi and Bakhmutov, 2021).
The reversed-polarity zone in the Sula loess unit at Roksolany
and Dolynske has been considered as the Big Lost event
(540-580 ka), correlated with MIS 14 (Hlavatskyi and
Bakhmutov, 2021; Bakhmutov and Hlavatskyi, 2022). In addi-
tion, Hlavatskyi et al. (20223, c) studied a pilot collection of sam-
ples from the lower part of the Dolynske section, below the
MBB, and did not find the GMB, at least above the Upper
Bogdanivka subunit (bds.3).

The consequences of a Russia’s full-scale invasion since
24 February 2022 for the magnetostratigraphic studies in
Ukraine, events of the temporary occupation of our palaeo-
magnetic laboratory, and a return to work in wartime conditions,
are described in detail in Hlavatskyi et al. (2023b). During
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Fig. 8. Modified stratigraphic framework of the Quaternary deposits of Ukraine, proposed correlation with marine isotope
stratigraphy and geomagnetic polarity scale in the interpretation of the authors

Magnetostratigraphic data are not shown for Moldova as no Moldovan section was studied by the authors of this paper (nor since 2010 by
any research teams). For the Ukrainian loess-palaeosol stratigraphic units the prefix U was proposed (Hlavatskyi and Bakhmutov, 2020), re-
ferring to the standard pedostratigraphic frameworks of VVojvodina, Serbia (Markovic et al., 2011) and Hungary (Stmegi et al., 2018), which

use the prefixes V and H, respectively

this time, results on previously sampled loess sections including
Sanzhiyka, Zamozhne and Gunky were published as extended
abstracts at international conferences (Bakhmutov et al., 2022;
Gerasimenko et al., 2022; Hlavatskyi et al., 2022b, 2023a;
Melnyk et al., 2022).

Regarding the magnetostratigraphic research in Moldova,
we have not found any materials on studies of the Moldovan
loess in this third stage of work.

CONCLUSIONS

Loess-palaeosol sites investigated by modern rock magnetic
and palaeomagnetic methods are located mainly in the north-
western part of Ukraine and in the western Black Sea region (see

Fig. 6). This is partly due to the deployment of multi-proxy studies
of the loess-soil succession of Ukraine in recent decades in
these areas. On the other hand, this provides the task of focusing
magnetostratigraphic investigation on at least the central Ukrai-
nian loess sections (the Middle Dnipro region), especially given
that the stratotype sections of the Vytachiv, Uday, Pryluky,
Tyasmyn, Kaydaky, Dnipro, Potyagaylivka, Oril, Zavadivka,
Lubny, Sula and Martonosha units are located there. The
well-developed Moldovan loess sequences, which have not
been palaeomagnetically studied for the past decade, are also
very promising for magnetostratigraphic study.

One of the important methodological tasks for future studies
is the clarification of the stratigraphic position of the “golden
benchmark” of the Pleistocene, the Matuyama—Brunhes rever-
sal, and the mechanism of acquisition of characteristic mag-
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netic remanence. In the stratigraphic scheme of the Quaternary
deposits, Veklich (1982) initially positioned the MBB in the up-
permost part of the Martonosha soil unit; however, in subse-
quent studies, Veklich (1987, 1995) pointed out the ambiguity of
the determination of its position by different authors in different
sections: from the Lubny unit of the Lower Neopleistocene to
the Shyrokyne unit of the Eopleistocene. At the moment, in
most stratigraphic schemes of the Quaternary of Ukraine
(Gerasimenko, 2010; Gozhik and Gerasimenko, 2011; Gozhyk,
2012), its position is placed at the base of the Martonosha soil
unit. This concept disregards, however, the significant
palaeomagnetic studies contributed by another Ukrainian re-
search team (Tretyak et al., 1987, 1989; Tretyak and Vigilyan-
skaya, 1994; Vigilyanskaya and Tretyak, 2000; Vigilyanskaya,
2001, 2002), in which the MBB was interpreted at the base of
the older Shyrokyne soil unit.

The results of early palaeomagnetic research, due to the
lack of accurate magnetometers and some methodological is-
sues, led in some cases (in particular, in southern regions) to
misinterpretations. An example is the contrasting definitions of
the MBB in the Roksolany section by different scientific teams
(discussed in Hlavatskyi and Bakhmutov, 2020). Furthermore,
numerous geomagnetic excursions, which were prominent in
the Ukrainian magnetostratigraphy in the 1970—-1990s, were, in
our view, confused with the strong influence of the viscous com-
ponent of magnetisation due to measurements made without
magnetic shielding.

During the last two decades, there has been a fundamental
improvement in the methodology of extracting the characteristic
remanent magnetisation signal from loess-soil samples both by
western European researchers (Nawrocki et al., 2002, 2016)
and by Ukrainian palaeomagnetologists (Bakhmutov and
Hlavatskyi, 2016). Since 2000, in two-thirds of the reference
sections, the MBB was determined in the lower part of the
Shyrokyne unit or below it; in one-third (mainly in western
Ukraine) it was detected in the Martonosha unit or Pryazovya
unit (Figs. 5 and 6). This contradiction may be caused by a dif-
ferent approach to the stratigraphic subdivision of sections; al-
ternatively, diagenesis may have influenced the preservation of
remanent magnetisation in these loess-soil deposits. Also, the

possibility of stratigraphic gaps should not be excluded from
consideration.

Solving this issue is urgent for the development of reliable
palaeoclimatic correlation of Pleistocene events reflected in the
structure and properties of the loess-soil formation of Ukraine,
as shown by the studies of Hlavatskyi and Bakhmutov (2020,
2021). A central task is the determination the position of the
MBB in the stratotype section of the entire loess-soil succession
of Ukraine, Stari Kaydaky, as well as in the stratotype sections
of the Martonosha and Shyrokyne units (Fig. 1). The Shyrokyne
section is currently impossible to study due to the Russian inva-
sion, but a new palaeomagnetic study of the Kryzhanivka
stratotype section, where the position of the Shyrokyne unit
above the Kryzhanivka unit was determined by the founders of
the stratigraphic framework of Quaternary deposits of Ukraine
(Veklych and Sirenko, 1972; Veklich, 1982), is needed.

An important task is the determination of the stratigraphic
position of the GMB and, thus, the boundary between the Plio-
cene and Pleistocene in the Ukrainian loess stratigraphic sys-
tem.

Another promising area of activity of palaeomagnetic spe-
cialists might be the study of loess sections in neighbouring
countries (Poland, Hungary, Romania, Bulgaria etc.), with the
aim of exchanging magnetostratigraphic interpretation and cor-
relating Quaternary deposits on a regional scale. A shift to inter-
national and integrative research combining multiple methods
is needed to correlate the still-contradictory Lower to Middle
Pleistocene stratigraphies, an important issue in central, east-
ern and south-eastern Europe (Sumegi et al., 2018; Zeeden et
al., 2018; tanczont et al., 2019).
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