
Geo log i cal Quar terly, 2023, 67: 35
DOI: http://dx.doi.org/10.7306/gq.1705

Magnetostratigraphy of the Pleis to cene loess-palaeosol se quences 
in Ukraine and Moldova: a his tor i cal over view and re cent de vel op ments

Volodymyr BAKHMUTOV1, 2, Dmytro HLAVATSKYI1, 2 * and Ievgen POLIACHENKO1, 2

1 Na tional Acad emy of Sci ences of Ukraine, In sti tute of Geo phys ics, 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 Pol ish Acad emy of Sci ences, In sti tute of Geo phys ics, Ksiêcia Janusza 64, 01-452 War szaw, Po land

Bakhmutov, V., Hlavatskyi, D., Poliachenko, I., 2023. Magnetostratigraphy of the Pleis to cene loess-palaeosol se quences in
Ukraine and Moldova: a his tor i cal over view and re cent de vel op ments. Geo log i cal Quar terly, 67: 35;
https://doi.org/10.7306/gq.1705

The loess-palaeosol se quences of Ukraine and Moldova con tain one of the lon gest and most com plete ter res trial re cords of
Pleis to cene cli mate change in Eu rope. Magnetostratigraphic stud ies pro vide a first-or der chro no log i cal frame work for loess
se quences. The lit er a ture on loess magnetostratigraphy by Ukrai nian au thors from the 1960s to pres ent is vast; how ever, it
is rather in ac ces si ble to in ter na tional read ers. In this re view, we sum ma rize his tor i cal stages of the magnetostratigraphic
stud ies in Ukraine and Moldova, and pres ent re cent de vel op ments in loess mag netic stra tig ra phy, in clud ing pedo -
stratigraphy based on mag netic sus cep ti bil ity vari a tions. We high light re cent prog ress in the de ter mi na tion of the
Matuyama–Brunhes bound ary in the Ukrai nian loess and dis cuss fu ture pros pects for stud ies of loess mag ne tism. In par tic u -
lar, mis matches be tween the po si tions of palaeomagnetic re ver sal bound aries (e.g., the Matuyama–Brunhes bound ary, the
Gauss–Matuyama bound ary) and the cor re spond ing pedostratigraphy are dis cussed in de tail.
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INTRODUCTION

The vast ex panses of loess-palaeosol se quences in Ukra -
ine and Moldova make these de pos its a unique con ti nen tal ar -
chive of palaeoclimate vari a tions over dif fer ent time scales
since at least the late Plio cene (Veklich, 1968, 1982). How ever,
in the Lower–Mid dle Pleis to cene loess se quences, magneto -
stratigraphy is al most the only tech nique that en ables de vel op -
ment of a first-or der chro no log i cal frame work (Liu et al., 2015;
Song et al., 2018). Once a ro bust magnetostratigraphy has
been ob tained, cor re la tion of mag netic sus cep ti bil ity re cords of
loess and ma rine ox y gen iso tope (ma rine iso tope stage, MIS)
re cords (Heller and Liu, 1984; Kukla et al., 1988; Jordanova and 
Petersen, 1999; Markoviæ et al., 2015; Necula et al., 2015) can
be es tab lished.

The Matuyama–Brunhes bound ary (MBB), the last
palaeomagnetic re ver sal, which oc curred at 780 ka (Shackle ton 
et al., 1990; Tauxe et al., 1996) or at 773 ka ac cord ing to more
re cent data (Channell et al., 2020; Head and Gibbard, 2015), is
cor re lated with MIS 19. The Gauss–Matuyama bound ary

(GMB) at 2.58 Ma is an other im por tant cal i bra tion point, in di cat -
ing the Neo gene/Qua ter nary bound ary on the geo log i cal
timescale (Suc et al., 1997).

Magnetostratigraphic study of the Ukrai nian and Moldovan
loess-palaeosol de pos its had started by Ukrai nian re search ers
– O. Tretyak and team – in 1962 (in Tretyak, 1967), twenty
years be fore the well-known magnetostratigraphic study of the
Chi nese loess by Heller and Liu (1982). Al though the Ukrai -
nian–Moldovan loess suc ces sion is one of the lon gest and
most con tin u ously de pos ited ter res trial sed i men tary ar chives in
the world, com pre hen sively stud ied by dif fer ent meth ods, much 
of the lit er a ture gen er ally, and on the magnetostratigraphy in
par tic u lar, is in ac ces si ble to in ter na tional read ers. In this pa per,
we aim to gather and syn chro nise all ex ist ing data on pre vi ous
geo mag netic and palaeomagnetic re search on Ukrai nian and
the ad ja cent Moldovan loesses, in clud ing de vel op ments us ing
new ap proaches achieved in re cent years. Es pe cially, we high -
light prog ress in mag netic sus cep ti bil ity cor re la tions and de ter -
mi na tion of the MBB po si tion in Ukrai nian loess.

OVERVIEW OF THE HISTORICAL DEVELOPMENT
OF LOESS LITHOSTRATIGRAPHY

Ukraine and Moldova are lo cated in the tem per ate cli ma tic
belt, only the south ern Cri mean coast be ing lo cated in the sub -
trop i cal belt. The loess-palaeosol suc ces sion of Ukraine oc cu -
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pies more than 70% of its ter ri tory, and the loess-palaeosol suc -
ces sion of Moldova oc cu pies up to 95% of its area (Veklich,
1968, 1982; Haase et al., 2007; Lehmkuhl et al., 2021; Fig. 1).
The loess de pos its in clude stratigraphically com plete se -
quences of the Lower, Mid dle and Up per Pleis to cene up to
60 m thick, which form one of the most com pre hen sive ter res -
trial palaeoenvironmental ar chives in Eu rope.

The al ter na tion of loess and palaeosol units pro vided the
ba sis for elab o ra tion of the first Pleis to cene strati graphic
scheme of the loess suc ces sion in Ukraine (Krokos, 1926),
which in cluded 5 loess units and 4 soil units. A more com plete
strati graphic frame work of the Qua ter nary de pos its of Ukraine,
in which 11 loess units and 10 soil units are de scribed (Fig. 2),
was cre ated by Veklich (1968, 1982, 1995), Veklich et al. (1967, 
1984, 1993) and Sirenko and Turlo (1986) on the ba sis of
multidisciplinary study of more than 100 Qua ter nary sites. This
frame work was then fur ther de vel oped (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 ap plied to Moldovan
loess se quences (Veklich, 1968; Veklich and Veklich, 1993;
Adamenko et al., 1996).

A multidisciplinary palaeo geo graphi cal ap proach was used
to build the frame work. It in cludes the fol low ing meth ods of
palaeoenvironmental study: li thol ogy, palaeopedology (in clud -
ing micromorphology), clay min er al ogy, sedimentology, pa -
laeo geomorphology, mam mal fau nas, mol lusc fau nas, pol len,

cryolithology, lu mi nes cence and ra dio car bon dat ing, palaeo -
magnetism, rock mag ne tism, and, fi nally, palaeoclimatology
and palaeolandscape anal y sis (Gozhik et al., 1995, 2000, 2007; 
Matviishina et al., 2001; Rous seau et al., 2001; Gerasimenko,
2004, 2006, 2010; Lindner et al., 2004, 2006; £anczont 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;
£anczont  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 oth ers). How ever, un like syn chro nised geo chron ol ogi cal
data across neigh bour ing Eu ro pean loess sites (Moska et al.,
2022; Sümegi et al., 2022 and ref er ences therein), many lu mi -
nes cence and ra dio car bon dat ing re sults ob tained at Ukrai nian
sec tions re main con tra dic tory (Gozhik et al., 2000; Fedorowicz
et al., 2012, 2013; Wulf et al., 2016; Constantin et al., 2019;
Tecsa et al., 2020; dis cussed in Hlavatskyi and Bakhmutov,
2020).

In north ern Ukraine, the Dnipro unit is the main strati graphic
marker in the Ukrai nian Pleis to cene stra tig ra phy: it con tains till
of the Saalian gla ci ation; whereas in the south, the Dnipro unit is 
typ i cally rep re sented by the thick est loess unit (Gozhik and
Gerasimenko, 2011). For a de tailed de scrip tion of strati graphic
units of the loess-palaeosol suc ces sion of Ukraine with litho -

2 Volodymyr Bakhmutov et al. / Geo log i cal Quar terly, 67: 35

Fig. 1. Pleis to cene for ma tions and ref er ence loess-palaesol sites in Ukraine and Moldova ac cord ing to Veklich (1982) and
Veklich and Veklich (1993) 

The ex tent of the pen ul ti mate gla ci ation ac cord ing to Ehlers et al. (2011); red cir cles/blue ar rows mark the lo ca tion of sites of stratotype
strati graphic palaeosol/loess units (Fig. 2)
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pedo logical and mag netic prop er ties, see Gozhik and
Gerasimenko (2011) and Hlavatskyi and Bakhmutov (2020).

Sev eral tens of ref er ence Qua ter nary sec tions in Ukraine
had been se lected as stratotypes and parastratotypes for the
strati graphic frame work (Veklich, 1982; Fig. 1).

The stratotype of the Qua ter nary de pos its in Ukraine (and
stratotype of the Kaydaky unit) was de scribed from the Stari
Kaydaky sec tion (48°22’ N, 35°07’ E; Veklich and Sirenko,
1972; Veklich, 1982), 10 km south of the city of Dnipro (Fig. 1). It 
con tains all strati graphic units of the strati graphic frame work of
the Qua ter nary de pos its of Ukraine (Veklich et al., 1984, 1993),
stud ied in sev eral sub-sec tions (the in te grated thick ness of the
suc ces sion is 59 m).

The parastratotype of the Qua ter nary de pos its in Ukraine
(and stratotype of the Lubny and Sula units) was de scribed from 
the Vyazivok sec tion (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 com plete sec tion in the Dnipro Low land
(Veklich et al., 1967; Veklich, 1968, 1982; Matviishina et al.,
2001; Rous seau et al., 2001; Haesaerts et al., 2016). This sec -
tion is 59 m thick and in cludes eight well-de vel oped palaeosol
units (in clud ing the Kryzhanivka unit) which al ter nate with loess
units.

Since the 1970s, the loess out crop at Roksolany (46°11’N;
30°26’E) has been re cog nised as one of the most com plete
Qua ter nary re cords in the Black Sea area (Tretyak and Volok,
1975; Gozhik, 1976). The 55 m thick sec tion in cludes ex traor di -
narily thick loess units and nine palaeosol units. The sec tion is
one of the most stud ied loess sites in the re gion, at tract ing the
at ten tion of many re search groups, in clud ing palaeoma gne -
tologists (de scribed be low).

The older loess suc ces sion of the stratotype of the
Kryzhanivka unit and the Kuyalnyk de pos its was stud ied from
the sec tion at Kryzhanivka vil lage (46°33’ N; 30°47’ E), east of

Fig. 2. Strati graphic frame work of the Qua ter nary de pos its of Ukraine and Moldova, their re la tion to ma rine iso tope stra tig ra phy
ac cord ing to dif fer ent au thors, and the for mer geo mag netic po lar ity scale, rep re sent ing palaeomagnetic bound aries and ages

ac cord ing to the data of Tretyak et al. (1989)
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Odesa (Veklich, 1968). It in cludes 34 m of well-strat i fied
Kuyalnyk (sub aque ous equiv a lent of the Beregove unit) to
Zavadivka de pos its.

The Plio cene and Lower Pleis to cene de pos its are best dis -
tin guished at the Beregove sec tion (44°54’ N; 33°36’ E), 30 km
north of Sevastopol, on the west ern Cri mean shore. This sec -
tion is the stratotype of the Beregove unit and it in cludes a 36 m
thick suc ces sion from the Yarkiv to the Berezan de pos its
(Veklich, 1982).

The loess se quences in Moldova, Hagimus (46°47’ N;
29°30’ E), Etulia Nouã (45°31’ N; 28°26’ E) and many oth ers
were also stud ied by Ukrai nian loess re search ers (Veklich,
1968; Veklich and Veklich, 1993; Adamenko et al., 1996). In
terms of strati graphic com plete ness and thick ness (up to 50 m), 
these sec tions are equal to most Ukrai nian ref er ence sec tions.

In the last few years com pre hen sive sedimentological
(Matoshko et al., 2019) and palaeomagnetic stud ies
(Hlavatskyi and Bakhmutov, 2021; Bakhmutov et al., 2021)
were con ducted on the Dolynske sec tion (45°30’ N; 28°18’ E) at 
the Lower Dan ube River, south ern part of Ukraine. The
palaeomagnetic stud ies fo cused on the al ter na tion of
palaeosols, loesses and pedosediments in the Bogdanivka to
Dnipro units, ex posed in three sub-sec tions, in to tal up to 30 m
thick. The strati graphic com plete ness of the Dolynske sec tion,
its geomorphological lo ca tion within the Plio cene Dan ube ter -
races, and con ve nient geo graph ical set ting, qual ify it to be one
of the ref er ence sec tions for the loess-soil suc ces sion in Eu -

rope. In ad di tion, the low er most Dolynske 3 sub-sec tion may be 
re garded as a con ti nen tal an a logue of the Calabrian and
Gelasian, po ten tially in clud ing both palaeomagnetic bound aries 
(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 tech niques de -
vel oped (see Ta ble 1), can be di vided into three main stages:

(1) The first stage is the early times of palaeomagnetic re -
search of loess, from 1962 un til the pub li ca tion of the com pos ite 
Pleis to cene magnetostratigraphic scale of Ukraine (Tretyak
and Vigilyanskaya, 1994). The first stage is sep a rated into two
phases. The first phase (1962–1975) was a time of field re con -
nais sance of loess ex po sures, ex ten sive study of loess mag ne -
tism, rec og ni tion of min eral-car ri ers of nat u ral remanent mag -
net is ation (NRM), and the de vel op ment of the main prin ci ples of 
palaeomagnetic stra tig ra phy. A de tailed in ves ti ga tion of the fine 
struc ture of the geo mag netic field, the con struc tion of the first
re gional Ce no zoic magnetostratigraphic scales and the res o lu -
tion of is sues in the palaeomagnetic strat i fi ca tion of the
loess-palaeosol se quences were the fo cus of the sec ond phase 
(1976–1994).

(2) The sec ond stage (1995–2012), the most ex ten sive pe -
riod of loess mag netic re search, was the con tin u a tion of
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Stages of magnetostratigraphic stud ies
Early

(1962–1994)
Mid dle

(1995–2012)
Mod ern

(2013–pres ent)

Palaeomagnetic equip ment used (on the
sam ples from Ukraine and Moldova)

MA-21 astatic mag ne tom e ter

LAM-22 astatic mag ne tom e ter

JR-4 spin-mag ne tom e ter

JR-6 spin-mag ne tom e ter

JR-6A spin-mag ne tom e ter

DC SQUID mag ne tom e ter

Fur nace in Helmholtz coil (20–300°C)

AF demagnetiser in Helmholtz coil (up 
to 60 mT)

MMTD80 fur nace

LDA-3A AF demagnetiser

Shielded room

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Ap plied types of de mag neti sa tion

Ther mal

Al ter nat ing field

Chem i cal

+

+

+

+

+

+

+

Ap pli ca tion of rock mag netic and aux il iary
tech niques

Mag netic min er al ogy

Coercivity

Mössbauer spec tros copy

Mag netic sus cep ti bil ity cor re la tions

AMS

U-Pb prov e nance of de tri tal zir cons

+

+

+

+

+

+

+

+

+

+

+

Re gions stud ied

West ern Ukraine

Cen tral Ukraine

South ern Ukraine

East ern Ukraine

Moldova

+

+

+

+

+

+

+

+

+

+

+

+

+

In ter na tional re search teams in volved from…
West ern Eu rope

Rus sia +

+

+

+

Num ber of loess sec tions with the de -
tected… 

MBB (Ukraine/Moldova)

GMB (Ukraine)

5/2

2

11/1

1

4/0

0

T a  b l e  1

Cri te ria for di vid ing the magnetostratigraphic re search in Ukraine and Moldova into three main stages in view of the de vel op -
ment of palaeomagnetic meth ods and equip ment (see text for ex pla na tion)
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in-depth re search aimed at de ter mi na tion of the MBB and GMB
by the Ukrai nian re search teams, and the rise of in ter na tional
in volve ment which brought new meth ods in clud ing mag netic
sus cep ti bil ity stra tig ra phy, us age of SQIUD mag ne tom e ters
and novel soft ware tools. The first strati graphic cor re la tion of
the Ukrai nian–Moldovan loess us ing mag netic sus cep ti bil ity
with other loess re cords in the world and with ma rine ox y gen
iso tope stages was the fo cus of the sec ond stage.

(3) The third stage (2013–pres ent), which was pre ceded by
a hi a tus in re search by in ter na tional teams, is char ac ter ised by
re cent re sump tion of palaeomagnetic and rock mag netic re -
search, pub lished in high-pro file jour nals and at in ter na tional
con fer ences. The main aim of the stud ies was the res o lu tion of
the prob lem of cor re la tion of some key sec tions in the gla cial
and non-gla cial zones and cred i ble de ter mi na tion of the MBB in
the loess cover of Ukraine. Dif fer ent west ern Eu ro pean re -
search groups car ried out study on loess mag ne tism as a
palaeoclimate proxy. Re cently pub lished stud ies by the au thors
of this pa per are part of this third stage.

EARLY PERIOD (1962–1994): FOUNDATION

The first palaeomagnetic study of the up per Neo gene (for -
merly named as late Ter tiary) and Qua ter nary de pos its of
Ukraine and Moldova was started by the Ukrai nian re search
team headed by O. Tretyak in 1962 (in Tretyak, 1967) at the In -
sti tute of Geo phys ics of the NAS of Ukraine (Kyiv). O. Tretyak
was thus a pi o neer of the palaeomagnetic in ves ti ga tion of
loess.

The first palaeomagnetic mea sure ments on loess as well as 
its magnetostratigraphic in ter pre ta tion were ap plied by Tretyak
(1967) on sam ples col lected from the loess sites in south ern
Moldova (Slobozia Mare, Cîºliþa-Prut sec tions and Beleu lake),
the Odesa sub urbs (Khadzhybey Es tu ary, Kryzhanivka), Cri -
mea (Cape Tarkhankut, Beregove), and the Dnipro River (Stari
Kaydaky; Fig. 3). In suc ces sive stud ies, O. Tretyak and team
stud ied more than 60 key loess-palaeosol se quences 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 dis tinct fea ture of these stud ies was large-scale field work
in clud ing con tin u ous sam pling and many lab o ra tory mea sure -
ments of du pli cate spec i mens, us ing ther mal and al ter nat ing
field de mag neti sa tion pro ce dures. Con tin u ous sam pling was
car ried out with a res o lu tion of 5 cm and cubes with an edge of 5 
cm were made di rectly at study sites. The sam ples were mea -
sured us ing astatic mag ne tom e ters (LAM-22 and MA-21) at the 
Kyiv palaeomagnetic lab o ra tory (lo cated in the vil lage of
Demydiv, 35 km north of Kyiv). For the stan dard pro ce dure of
ther mal and al ter nat ing field de mag neti sa tion in non-mag netic
space (Helmholtz rings) equip ment pro duced in the In sti tute
was used. How ever, dur ing the mea sure ments by astatic mag -
ne tom e ters, it was im pos si ble to iso late the spec i mens from the
in flu ence of the geo mag netic field, which con trib utes to the for -
ma tion of vis cous mag net is ation (caused by superparamag -
netic grains). If the superparamagnetic com po nent made a sig -
nif i cant con tri bu tion to the mag net is ation of the sam ples (es pe -
cially in palaeosol lay ers from the south ern re gions), the re sults
of de ter min ing the di rec tion of pri mary mag net is ation af ter mag -
netic clean ing were not con sid ered as re li able and were ex -
cluded from fur ther in ter pre ta tion (Tretyak, 1983).

Iron min er als were con sid ered as car ri ers of rock NRM and
their mag netic char ac ter is tics were stud ied (Tretyak, 1983).
The o ret i cal and meth od olog i cal de vel op ments were used to
jus tify the tech nique of sys tem atic tem per a ture clean ing of the
mag net is ation of sed i men tary rocks (Tretyak, 1967, 1983). In
ad di tion, mech a nisms of chem i cal remanent mag net is ation and 
its di ag nos tic signs were thor oughly stud ied (Tretyak, 1983).

Spe cial at ten tion was paid to the de vel op ment of magneto -
stratigraphic scales in sed i men tary rocks. As the Brunhes
chron geo mag netic ex cur sions (in clud ing those re corded in
subaerial de pos its) were ac tively stud ied at the time (see
Petrova et al., 1990, 1992 and ref er ences therein), the “fine
struc ture” of the geo mag netic field in the Plio cene–Pleis to cene
was ana lysed (Tretyak, 1983; Dudkin, 1983; Tretyak et al.,
1987), and on this ba sis, a re gional palaeomagnetic strati -
graphic scale of the Plio cene-Qua ter nary de pos its of Ukraine
and Moldova was de vel oped (Tretyak et al., 1989; Tretyak and
Vigilyanskaya, 1994).

In the early magnetostratigraphic stud ies (Tretyak and
Volok, 1975, 1976, 1982; Tretyak, 1980, 1983), fol low ing the
geo mag netic po lar ity scale of Cox (1969), the po si tion of the
MBB in the Ukrai nian–Moldovan loess se quences was not
clear: it was ini tially in ferred to be in the Berezan loess, the up -
per or lower part of the Sula loess, or the Lubny palaeosol. For
in stance, at Hagimus (east ern Moldova) as well as at Urzuf
(Azov Low land), the Matuyama/Brunhes re ver sal was ini tially
iden ti fied in the up per part of the Sula loess unit (Tretyak,
1983). How ever, based on the thor ough study of other south ern 
Ukrai nian and Moldovan key sec tions (e.g., Kryzhanivka, Etulia
Nouã) the MBB was de tected in the Shyrokyne palaeosol (e.g.,
Tretyak et al., 1987, 1989; Fig. 4). Con se quently, it was sug -
gested (Tretyak and Vigilyanskaya, 1994) that the Shyrokyne
soil unit rep re sents the first inter gla cial within the Brunhes
chron.

Ini tial palaeomagnetic stud ies at the Roksolany site, cou -
pled with ra dio car bon and thermoluminescence dat ing (Tretyak 
and Volok, 1975; Gozhik, 1976; Tretyak, 1980), did not de tect
the MBB; how ever, fre quent changes of mag netic po lar ity were
re ported (Fig. 4). Tretyak et al. (1987, 1989) in ter preted the
palaeomagnetic data ob tained at Roksolany as rep re sent ing
geo mag netic events (ex cur sions) of an un sta ble geo mag netic
field within the Brunhes chron.

In the Kryzhanivka sec tion, 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) nor mal po lar ity zone
(over ly ing the 0.4 m thick red-brown clay layer br2) was in ter -
preted as the Jaramillo event (for mer age 900–960 ka).

In the Beregove sec tion, the Gauss–Matuyama re ver sal
was de tected in the Kyzyl-Yar unit (Tretyak et al., 1987; Fig. 4).
Also, a few zones of nor mal po lar ity within the Matuyama chron
were iden ti fied and named by Tretyak et al. (1989) as the Re -
union, Olduvai and Gilsa ex cur sions (Fig. 2, right). The 1.5 m
thick Berezan unit at Beregove is char ac ter ised by re versed po -
lar ity. How ever, the po si tion of the GMB at Velyka Lanna (bore -
hole 11, north ern Donbas) was iden ti fied by O. Tretyak in the
up per part of the Bogdanivka soil unit (Sirenko et al., 1993).

In 1968–1969 a few sec tions in south ern Ukraine (e.g.,
Melekyne) and Moldova (Hagimus, Etulia Nouã and oth ers)
were stud ied by Rus sian palaeomagnetics work ers (pub lished
in 1970–1973: Pevzner, 1970; Virina et al., 1971; Pospelova
and Gnibidenko, 1972; Velichko et al., 1973a, b). Ad di tion ally,
in 1978–1979 sam ples from loess sec tions lo cated within the
Dnipro Up land (Stayky, Muzychi, Vyshhorod etc.; S. Faustov
and team in Veklich, 1982; Faustov et al., 1989), Mid dle Dnister 
ba sin (Kulikova, 1980), Kerch pen in sula (Zubakov et al., 1982)
were palaeomagnetically stud ied. Due to large sam pling in ter -
vals, these stud ies were of a re con nais sance na ture, in which
gen eral pat terns of changes in the geo mag netic field were dis -
tin guished. A num ber of es sen tial de tails were omit ted, which
af fected the strati graphic and magnetostratigraphic con clu -
sions of the au thors, in par tic u lar, on the di vi sion of the ter race
suc ces sions of the river Dnister (Veklich, 1982).

In the first strati graphic schemes of Ukraine (Veklich, 1982,
1987, 1995; Veklich et al., 1984, 1993) the MBB was linked to
the up per part of the Martonosha soil unit (cor re la tive

https://doi.org/10.1126/science.163.3864.237
https://doi.org/10.1016/0031-9201(90)90067-8


6 Volodymyr Bakhmutov et al. / Geo log i cal Quar terly, 67: 35

,
s

n
o

 m
m

o
C 

ai
d

e
mi

ki
W 

m
orf 

d
et

p
a

d
a( 

a
v

o
dl

o
M 

d
n

a 
e

ni
ar

k
U f

o 
p

a
m l

a
 c i

s
y

h
p 

e
ht 

n
o 

4
9

9
1

–
2

6
9

1 
ni 

yll
a

cit
e

n
g

a
m

o
e

al
a

p 
d

e i
d

ut
s 

s
eti

s 
s

s
e

o
L .

3 .
gi

F
g

pj.
p

a
m

_
n

oit
a

c
ol

_f
eil

er
_

e
ni

ar
k

U:
eli

F/i
ki

w/
gr

o.
ai

d
e

mi
ki

w.
s

n
o

m
m

o
c//:

s
ptt

h
)

– 
7 ;

aþi
nr

a
V 

– 
6 ;i

n
e

d
ãlrî

F 
– 

5 ;)
7

6
9

1 ,
k

ayt
er

T f
o 

n
oi t

a
 n

g i
s

e
d r

e tf
 a

er
e

h( 
2

6/
4 t

ni
o

p 
g

nil
 p

m
a

s 
– 

4 ;
ail

c
a

mi
a

B 
– 

3 ;t
ur

P-
aþil

ºî
C 

– 
2 ;

er
a

M 
ai

z
o

b
ol

S 
– 

1 :
s

eti
s 

g
nil

 p
m

a
s 

w
o

h
s 

p
a

m 
e

ht 
n

o 
sr

e
 b

m
u

N
 

a
k

vi
my

b
uy

L 
– 

5
1 ;)

a
e

 mir
C( 

a
k

vi
my

b
uy

L 
– 

4
1 ;

e
nyt

ur
a

P 
– 

3
1 ;

a
k

vi
k

a
by

R 
– 

2
1 ;yr

 a
u t

s
E l

u
gily

T 
– 

1
1 ;

k
sr

o
m

o
nr

o
h

C 
– 

0
1 ;yr

 a
u t

s
E y

e
by

h
z

d
a

h
K 

– 
9 ;i

n
a

cþi
h

C 
– 

8 ;)
n

oi t
c

e
s 

a
kl

a
B 

a
v

ot
o

kl
o

K( l
o

p
s

ari
T

3
6/

6 t
ni

o
p 

g
nil

 p
m

a
s 

– 
1

2 ;
3

6/
2

1 t
ni

o
p 

g
nil

 p
m

a
s 

– 
0

2 ;
3

6/
7 t

ni
o

p 
g

nil
 p

m
a

s 
– 

9
1 ;

e
k

s
n

ay
m

a
K 

– 
8

1 ;
3

6/
2 t

ni
o

p 
g

nil
 p

m
a

s 
– 

7
1 ;

B/
8

1 t
ni

o
p 

g
nil

 p
m

a
s 

– 
6

1 ;)t
s

al
b

O 
n

o
sr

e
h

K(

https://commons.wikimedia.org/wiki/File:Ukraine_relief_location_map.jpg


Volodymyr Bakhmutov et al. / Geo log i cal Quar terly, 67: 35 7

of MIS 19–23; Fig. 2). The Pryazovya loess (MIS 24) and up per
part of the Shyrokyne soil (MIS 25), char ac ter ised by nor mal po -
lar ity, were cor re lated by Veklich (1982, 1987) and Veklich et al.
(1984, 1993) with the Jaramillo subchron, while oth ers (Tretyak
et al., 1987, 1989; Tretyak and Vigilyanskaya, 1994) con sid ered 
them to be part of the Brunhes chron. There was also a sig nif i -
cant dif fer ence in the in ter pre ta tion of the po si tion of the GMB.
Veklich (1982) po si tioned this bound ary (and the bound ary be -
tween the Neo gene and Qua ter nary) in the up per part of the
Beregove unit, while Ukrai nian palaeomagne tologists 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 im por tant ad vance in palaeomagnetic study of
these loess suc ces sions took place in the sec ond half of the
1990s and the 2000s, when sys tem atic magnetostratigraphic

and rock mag netic stud ies in the west ern Black Sea re gion,
Mid dle Dnipro re gion and Volyn-Podilia Up land were con ducted 
by sev eral in ter na tional re search teams.

Nawrocki et al. (1996) ana lysed and com pared the mag -
netic sus cep ti bil ity re cord in the west ern Ukrai nian and Pol ish
loess-palaeosol se quences. These au thors con cluded that the
mag netic sus cep ti bil ity var ies mainly with the de gree of de com -
po si tion of de tri tal mag ne tite grains, in turn con di tioned by
palaeoclimate. The sus cep ti bil ity curves of the Boyanychi sec -
tion in west ern Ukraine (Fig. 5) and some Pol ish loess sec tions
were cor re lated with the ox y gen-iso tope fluc tu a tions in
deep-sea sed i ments es tab lished in Shackle ton et al. (1990).

In Nawrocki et al. (1999), mag netic sus cep ti bil ity re cords
from the Volyn Up land (at Boyanychi), the Podilia Up land
(Yezupil) and the Black Sea Low land (Prymorske/Kurortne;
Fig. 5) were com pared. At Prymorske, a dis tinct mag netic sus -
cep ti bil ity peak in the Zavadivka soil unit, in view of the
thermoluminescence data of Gozhik et al. (1995), was cor re -

Fig. 4. Cor re la tion chart of key loess sec tions of Ukraine and Moldova that have been stud ied palaeomagnetically (Tretyak,
1980, 1983; Tretyak et al., 1987, 1989; Vigilyanskaya, 2001)

kl – Kuyalnyk unit, jr – Yarkiv unit

https://doi.org/10.1111/j.1502-3885.1996.tb00845.x
https://doi.org/10.1016/S1464-1895(99)00113-1
https://doi.org/10.1017/S0263593300020782
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lated with the Hol stein inter gla cial. A de tailed palaeomagnetic
in ves ti ga tion (above the Lubny unit) did not de tect the pres ence 
of re versed po lar ity in the sam ples, in di cat ing de po si tion of the
suc ces sion stud ied af ter the Matuyama/Brunhes re ver sal.

Based on the com bined re sults of in ves ti ga tions into key
sec tions in Moldova (at Etulia Nouã, Kolkotova Balka) and
south ern Ukraine (at Roksolany), a chronostratigraphy, which
dif fered from the pre vi ous ones, was pro posed by Rus sian and
other in ter na tional work ers (Heller et al., 1996; Tsatskin et al.,
1998, 2001, 2008; Sartori, 2000; Ev ans and Heller, 2003;
Gendler et al., 2006; Dodonov et al., 2006). Ukrai nian sci en tists
did not par tic i pate in these stud ies and Ukrai nian stra tig ra phy,
biostratigraphy and pre vi ous palaeomagnetic re sults were
over looked. Ac cord ing to Heller et al. (1996) and Tsatskin et al.
(1998) the MBB at Roksolany was de tected in the L6 loess unit
which, ac cord ing to pre vi ous in ter pre ta tion (Gozhik et al.,
1995), cor re sponds to the Tyasmyn unit (and MIS 6). Fur ther -
more, Sharonova et al. (2004) and Pilipenko et al. (2005) iden ti -
fied three re versed-po lar ity ep i sodes in the up per part of the
sec tion. At Etulia Nouã, the MBB was iden ti fied in the PK7 soil
unit, which was cor re lated pre vi ously by Veklich and Veklich
(1993) with the Lubny unit (MIS 13–17). None the less, Tsatskin
et al. (2001) cor re lated the L6 loess unit with MIS 20 and the
PK7 soil unit with MIS 21. This magnetostratigraphic in ter pre ta -
tion brought con fu sion to Ukrai nian loess stra tig ra phy for many
years (Gozhik, 2013).

In the Zahvizdya sec tion in west ern Ukraine (Fig. 5),
Nawrocki et al. (2002) iden ti fied the MBB in the Zahvizdya
hydromorphic palaeosol la belled as S7 (which is com pa ra ble to
the Martonosha unit). A cor re la tion be tween the S7 palaeosol at 
Zahvizdya and the PK6 palaeosol of Tsatskin et al. (1998) at
Roksolany, and, thus, MIS 19, was sug gested (Nawrocki et al.,
2002).

The ani so tropy of mag netic sus cep ti bil ity (AMS) of the
youn gest loess in west ern Ukraine was ana lysed and the pre -
vail ing palaeowind di rec tions dur ing the Weichselian were in ter -
preted (Nawrocki et al., 2006). It was con cluded for the first time
that the Ukrai nian loess de pos its, like the Chi nese and Alas kan
loesses, ap pear suit able for ap pli ca tion of the AMS method.

Palaeomagnetic stud ies of the Kolodiyiv loess sec tion in
west ern Ukraine (Fig. 5) have iden ti fied the Blake (118 kyr) and
Laschamp (40 kyr) palaeomagnetic ep i sodes (Nawrocki et al.,
2007). The for mer was found in the up per soil of the last inter -
gla cial (Horokhiv, cor re lated with MIS 5e), while the Laschamp
ep i sode was iden ti fied in the up per part of the Dubno palaeosol
unit (MIS 3).

In the Skala Podilska sec tion (Podilia Up land; Fig. 5), the
MBB was de tected in the up per part of the al lu vial de pos its
over lain by the Martonosha soil unit (S6; Boguckyj et al., 2009).
Boguckyj et al. (2009) ex plained the strati graphic po si tion of the
MBB in terms of the lo cal geomorphological con di tions of sed i -
ment ac cu mu la tion, the pe cu liar i ties of the gen e sis of the al lu -
vial fa cies, lo cal redeposition of ma te rial, as well as sig nif i cant
epigenetic weath er ing of the sed i ments. In ad di tion, in the up -
per most part of the sec tion at a depth of 0.5 m, in the near-sur -
face cher nozem-type soil, a re versed po lar ity di rec tion as so ci -
ated with the Blake palaeomagnetic event was ob served
(Boguckyj et al., 2009).

Rous seau et al. (2001) used mag netic sus cep ti bil ity as a
tool in the chronostratigraphic in ter pre ta tion of the Ukrai nian
loess se quence in the north ern gla ci ated area. The low-field
mag netic sus cep ti bil ity, palynology and pedostratigraphy of the
Up per Pleis to cene se quence at Vyazivok were found to be very
sim i lar with those of the Vestonice sec tion (Czech Re pub lic). As 
a re sult, the Kaydaky soil unit of Vyazivok was cor re lated with
MIS 5e (Rous seau et al., 2001).

In ad di tion to the grain-size dis tri bu tion and pedo-chem i cal
el e men tal ra tios, mag netic sus cep ti bil ity as a proxy for pre cip i -
ta tion (and tem per a ture) was ana lysed from the Stari
Bezradychi, Pyrogove (Mid dle Dnipro area) and Sanzhiyka
(west ern Black Sea shore) loess sec tions and cor re lated with
those in Ser bia (Bokhorst et al., 2009). By the close sim i lar ity of
the mag netic sus cep ti bil ity re cords in the dif fer ent loess sec -
tions, it was shown that these ra tios re flect the ef fects of weath -
er ing in ten sity as a re sult of pre cip i ta tion changes.

Buggle et al. (2008, 2009) based on the re sults of de tailed
geo chem i cal, palaeopedological, pol len and mag netic sus cep -
ti bil ity stud ies of the Stari Kaydaky sec tion, cor re lated its late
Mid dle–Up per Pleis to cene in ter val with that in the Ser bian and
Ro ma nian loess sites and with the global ma rine iso tope re cord 
(Lisiecki and Raymo, 2005). Re fer ring to very sim i lar re sults
from Vyazivok (Rous seau et al., 2001), the Kaydaky soil unit at
Stari Kaydaky was cor re lated with MIS 5e. Be low in the sec tion, 
four inter gla cial soil units were de scribed, Potyagaylivka, Up per 
Zavadivka, Lower Zavadivka and Lubny, which were cor re lated
with MIS 7, MIS 9, MIS 11 and MIS 13–15, re spec tively. The
palaeomagnetic in ves ti ga tion of this in ter val by V. Bakhmutov
(in Buggle et al., 2009) cor rob o rated that the suc ces sion was
de pos ited dur ing the Brunhes chron.

Magnetostratigraphic stud ies car ried out by the Ukrai nian
re search group con tin ued. Vigilyanskaya and Tretyak (2000)
and Vigilyanskaya (2001, 2002) de scribed magnetostratigra -
phic data for sev eral loess-palaeosol se quences lo cated in the
Mid dle Dnipro re gion and Donbas. The GMB was in ter preted to
be in the up per part of the Bogdanivka soil unit in the
Novoselivka bore hole (Vigilyanskaya and Tretyak, 2000),
whereas the MBB was de tected in the Shyrokyne soil unit in the
Novoselivka bore hole as well as at the Bantysheve, Muzychi,
Grebeni and Vyazivok sec tions (Vigilyanskaya and Tretyak,
2000; Vigilyanskaya, 2001, 2002; Fig. 5).

Bakhmutov et al. (2005) con ducted al ter nat ing field de mag -
neti sa tion and ther mal de mag neti sa tion of sam ples from the
Dolynske sec tion. Ac cord ing to their in ter pre ta tion, the MBB fits
within the Lubny soil unit (ac cord ing to the strati graphic scheme 
of Veklich and Veklich, 1993), which was thus re named as the
Martonosha unit (Bakhmutov et al., 2005). Sim i lar re sults were
ob tained from the loess sec tion at Adzhamka (Dnipro Up land),
where the MBB was in ter preted to be lo cated at the top of the
Martonosha soil unit (Sirenko et al., 2008). How ever, at sev eral
South ern Bug val ley sec tions (Gayvoron 1, Gayvoron 2,
Trostyanets; Fig. 5), stud ied by V. Bakhmutov in 2008 (in
Matviishyna, 2011), the MBB was not de tected in the low er most 
strati graphic lay ers (Martonosha and Pryazovya units).

In strati graphic schemes pro posed for the Ukrai nian Qua -
ter nary 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 up dated magnetostratigraphic data of Tretyak and
Vigilyanskaya (1994), Vigilyanskaya and Tretyak (2000) and
Vigilyanskaya (2001, 2002), the Pryazovya loess and up per
part of the Shyrokyne soil, char ac ter ised by nor mal po lar ity,
were still cor re lated by ge ol o gists with the Jaramillo subchron.
Only one strati graphic scheme of the loess-palaeosol suc ces -
sion of Ukraine, in which the Shyrokyne unit was equated with
MIS 17–19 (Bolikhovskaya and Molodkov, 2006; Fig. 2), was in
agree ment with the palaeomagnetic stud ies. An other sig nif i -
cant dif fer ence in the strati graphic mod els pro posed for the
loess-palaeosol se quences of Ukraine (Fig. 2) was the chro no -
log i cal place ment of the Kaydaky palaeosol unit and the Dnipro
loess. In view of the new data, some au thors (Rous seau et al.,
2001; Vozgrin, 2001; Gerasimenko, 2004, 2006, 2010;

Volodymyr Bakhmutov et al. / Geo log i cal Quar terly, 67: 35 9

https://doi.org/10.1016/j.quaint.2008.05.010
https://doi.org/10.1016/j.quaint.2008.09.003
https://doi.org/10.1016/j.quaint.2005.11.015
http://dx.doi.org/10.1016/j.quascirev.2008.01.018
https://doi.org/10.1016/j.quaint.2008.07.013
https://doi.org/10.1016/j.quaint.2008.07.013
http://dx.doi.org/10.1016/j.quaint.2005.11.017
https://doi.org/10.1016/j.quaint.2006.01.001
https://doi.org/10.1016/j.quaint.2005.11.018
https://doi.org/10.1029/2004PA001071
http://dx.doi.org/10.1016/S0031-0182(02)00528-X
http://dx.doi.org/10.1016/S0031-0182(02)00528-X
http://dx.doi.org/10.1111/j.1502-3885.2006.tb01156.x
https://gq.pgi.gov.pl/article/view/7444
http://dx.doi.org/10.1006/qres.2001.2270
http://dx.doi.org/10.1006/qres.2001.2270
http://dx.doi.org/10.1006/qres.2001.2270
http://dx.doi.org/10.1006/qres.2001.2270
http://dx.doi.org/10.1006/qres.2001.2270
https://doi.org/10.1016/S0031-0182(98)00073-X
https://doi.org/10.1016/S0031-0182(98)00073-X
https://doi.org/10.1016/S0031-0182(98)00073-X
https://doi.org/10.1016/S0031-0182(98)00073-X
https://doi.org/10.1016/S0031-0182(98)00073-X
https://doi.org/10.1016/S1464-1895(01)00141-7
https://doi.org/10.1016/S1464-1895(01)00141-7
https://doi.org/10.1016/S1464-1895(01)00141-7
https://gq.pgi.gov.pl/article/view/7336
https://gq.pgi.gov.pl/article/view/7336
https://gq.pgi.gov.pl/article/view/7336


Bolikhovskaya and Molodkov, 2006; Buggle et al., 2008, 2009;
Matviishyna et al., 2010) cor re lated the Kaydaky unit with MIS
5e and the Dnipro unit with MIS 6, while oth ers (Veklich, 1995;
Gozhik et al., 2000; Lindner et al., 2004, 2006; Gozhyk, 2012)
con tin ued to cor re late these units with MIS 7 and MIS 8.

Ac cord ing to Gozhyk (2012), the Plio cene/Pleis to cene
bound ary is cor re lated with the lower part of the Siversk loess
unit. How ever, ac cord ing to the lat est palaeomagnetic study
(Tretyak and Vigilyanskaya, 2000), the GMB, and thus, the
Plio cene/Pleis to cene tran si tion, lies within the up per part of the
Bogdanivka soil unit.

MODERN PERIOD (2013-PRESENT)

A new stage of the magnetostratigraphic re search in
Ukraine was largely in spired by P. Gozhyk (see Gozhik, 2013)
at the Ukrai nian–Pol ish con fer ence, held in Roksolany in 2013.  
At the con fer ence, new pre lim i nary palaeomagnetic re sults of
the up per part of the Roksolany sec tion were pre sented by
Bakhmutov and Hlavatskyi (2013). In fur ther stud ies, the lower
part of the sec tion was stud ied and the MBB was de tected be -
tween two soils, in ter preted 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 par al lel, de tailed rock mag netic
(Bakhmutov et al., 2017) stud ies of the Roksolany sec tion and
of the ani so tropy of mag netic sus cep ti bil ity (Nawrocki et al.,
2018b) of its up per loess lay ers were pub lished. As a re sult of
com pi la tion of AMS and U-Pb prov e nance stud ies of de tri tal zir -
cons, a NW-SE trans port di rec tion and Carpathian pri mary
sources of loess ma te rial were doc u mented (Nawrocki et al.,
2018b).

Ex ten sive palaeomagnetic stud ies were con ducted on the
west ern Ukrai nian loess se quences. The Pringle Falls
palaeomagnetic event, dated at 212 kyr, was dis cov ered at the
ar chae o log i cal site of Velykyi Hlybochok (Fig. 6) at the level of
the Korshiv palaeosol unit (MIS 7; £anczont et al., 2014). In ad -
di tion, in the hu mus ho ri zon of the lower Horokhiv soil (cor re -
spond ing to the last inter gla cial) in the Palaeo lithic sec tion at
Pronyatyn (Fig. 6), the Blake event was de tected (£anczont et
al., 2015).

Subaerial Pleis to cene de pos its were stud ied
palaeomagnetically in the Bukovynka Cave (Bondar and
Ridush, 2015) and the Neporotove sec tion (Bondar et al., 2019) 
within the Up per Dnister ba sin (Fig. 6). In the for mer, a geo mag -
netic in ver sion was in ter preted as the Etrussia ex cur sion, dated 
at 2.8 ka BP.

In the Volyn Up land, Hlavatskyi et al. (2016a) and
Bakhmutov et al. (2017) stud ied the Boyanychi and Korshiv
sec tions and did not de tect geo mag netic events within the
Brunhes chron. The au thors noted that there is no clear de -
pend ence be tween mag netic sus cep ti bil ity vari a tions and
loess-palaeosol li thol ogy.

In the fol low ing study, Hlavatskyi et al. (2016b) de scribed
palaeomagnetic and rock mag netic data from the Vyazivok
sec tion. The MBB was de tected in the up per part of the low est
soil (sh1b1) of the Shyrokyne palaeosol unit (Fig. 7). Fur ther -
more, a short zone of re versed po lar ity was de tected in the
lower part of the Lower Zavadivka sub unit (zv1), in ter preted by
Hlavatskyi and Bakhmutov (2020) as the Un named event es ti -
mated at 430 ka, by anal ogy to that in the Udvari-U2 sec tion in
Hun gary (Sümegi et al., 2018).

In the Palaeo lithic site of Korolevo (Transcarpathia), the
MBB was re corded in the S7 illuvial soil ho ri zon as signed to the
Martonosha unit (Nawrocki et al., 2016). Re search con ducted
pre vi ously showed that the MBB is lo cated 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). Ac cord ing to Nawrocki et al.
(2016) the Jaramillo subchron was de tected (based on two
sam ples) in the S8 soil, cor re lated with the Lower Shyrokyne
sub unit. In the sub sec tion stud ied by Nawrocki et al. (2016), the
Martonosha soil (S7) is de formed by cracks and erosionally
over lies the Shyrokyne unit.

In the Palaeo lithic sites and loess-palaeosol se quences of
Medzybizh and Holovchyntsi (Podilia Up land), which are un der -
lain by the Shyrokyne and Illichivsk al lu vial units, re spec tively,
the MBB was not iden ti fied (Bakhmutov et al., 2018; Hlavatskyi,
2019). A re versed po lar ity zone in the lower part of the Lower
Zavadivka sub unit (zv1) at Medzhybizh was cor re lated with the
Un named event (at 430 ka) sim i lar to that at Vyazivok
(Hlavatskyi et al., 2021b).

A pos si ble Hilina Pali ex cur sion (c. 18 ka) was de tected in
the up per most loess layer in the Rivne sec tion (Nawrocki et al.,
2018a). Furthermore, new AMS re sults were de scribed from
the Korshiv and Cherepyn sec tions which al lowed the first de -
tec tion of the tim ing of ice sheet ad vance and the ap pear ance of 
kata batic winds (Nawrocki et al., 2019).

Based on rock mag netic prox ies, Bradák et al. (2019) com -
pared pedogenic and palaeoclimate changes re corded at four
Ukrai nian (Roksolany, Zahvizdya, Korolevo and Skala
Podilska) and cen tral–south east ern Eu ro pean loess sites.
Mag netic data shows that the palaeosols – cor re la tives of MIS
19, MIS 15 and MIS 11 – are the most strongly de vel oped
palaeosol units, formed in a sub-Med i ter ra nean cli mate in the
south and a hu mid and tem per ate cli mate in the north.

Tecsa et al. (2020), based on op ti cally stim u lated lu mi nes -
cence dates, palaeopedological and mag netic sus cep ti bil ity
prox ies, cor re lated the for merly des ig nated Dofinivka palaeosol
(MIS 2 interstadial) at Kurortne (Gozhik et al., 1995) with the
Pryluky/Kaydaky palaeosol unit and MIS 5. Ad di tional palaeo -
magnetic study of the 2 m thick low er most part of the Kurortne
sec tion (Martonosha soil and Sula loess, be low the ex ca va tion
of Nawrocki et al., 1999) still did not de tect the pres ence of
Matuyama chron (Hlavatskyi and Bakhmutov, 2021).

In view of the magnetostratigraphic data from Vyazivok and
sim i lar lithopedological pat terns at Roksolany, a new
chronostratigraphic model (Fig. 7), par tially sup ported by com -
pi la tions of ex ist ing lu mi nes cence dates (Fedorowicz et al.,
2012, 2013; Constantin et al., 2019, 2021) and mag netic sus -
cep ti bil ity prox ies was pro posed (Hlavatskyi and Bakhmutov,
2020). The Lubny unit (ac cord ing to Gozhik et al., 1995) with the 
de tected MBB was re in ter preted as the Shyrokyne unit, cor re -
lated with MIS 19. The Martonosha unit was cor re lated with MIS 
17 (Fig. 8, ver sion 1). A re versed-po lar ity ep i sode above the
Martonosha unit was, thus, in ter preted as a Stage 17 ex cur sion
(670 ka; Hlavatskyi and Bakhmutov, 2020).

The study of the Vyazivok and Roksolany sec tions was fol -
lowed by palaeomagnetic and rock mag netic re sults with a new
strati graphic in ter pre ta tion of the lower Mid dle Pleis to cene de -
pos its ex posed at Stari Kaydaky (Hlavatskyi et al., 2021a;
Gerasimenko et al., 2022) and the late Lower–Mid dle Pleis to -
cene de pos its stud ied at Dolynske (Hlavatskyi and Bakhmutov,
2021). At Stari Kaydaky, 11 m be low the ex ca va tion of Buggle
et al. (2008, 2009), the MBB was not de tected (Fig. 7); how ever, 
the Martonosha unit and the Up per Shyrokyne sub unit are char -
ac ter ised by nor mal po lar ity. It was sug gested (Hlavatskyi et al., 
2021a) that the well-de vel oped red-brown palaeosol of the
Martonosha unit should cor re spond to the warm MIS 15, and
the vertisol of the Up per Shyrokyne sub unit, formed in more
tem per ate cli ma tic con di tions, may cor re spond to the colder
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MIS 17 (Fig. 8, ver sion 2) fol low ing re gional (Sirenko and Turlo,
1986; Gerasimenko, 2010; Sirenko, 2019) and global (Shackle -
ton et al., 1990; Lisiecki and Raymo, 2005; Varga, 2015;
Sümegi et al., 2018) palaeoclimatic trends of the Mid dle Pleis to -
cene.

At Dolynske, the for mer magnetostratigraphy and strati -
graphic clas si fi ca tion of the loess-palaeosol se quence
(Bakhmutov et al., 2005) has been re cently re vised (see
Bakhmutov et al., 2021). The MBB bound ary was de tected in
the Lower Shyrokyne sub unit (Fig. 7) sep a rated from the Up per
Shyrokyne sub unit by loess-like loam sim i lar to that in the
Shyrokyne suite at Roksolany (Hlavatskyi and Bakhmutov,
2021). There fore, the luvisol of the Lower Shyrokyne sub unit
was cor re lated with MIS 19. This al lowed for the pre lim i nary
cor re la tion of the south ern Ukrai nian loess de pos its with those

in the Dan ube Ba sin and Cen tral Asia, as well as with the ma -
rine iso tope stra tig ra phy (Hlavatskyi and Bakhmutov, 2021).
The re versed-po lar ity zone in the Sula loess unit at Roksolany
and Dolynske has been con sid ered as the Big Lost event
(540–580 ka), cor re lated with MIS 14 (Hlavatskyi and
Bakhmutov, 2021; Bakhmutov and Hlavatskyi, 2022). In ad di -
tion, Hlavatskyi et al. (2022a, c) stud ied a pi lot col lec tion of sam -
ples from the lower part of the Dolynske sec tion, be low the
MBB, and did not find the GMB, at least above the Up per
Bogdanivka sub unit (bd5-3).

The con se quences of a Rus sia’s full-scale in va sion since
24 Feb ru ary 2022 for the magnetostratigraphic stud ies in
Ukraine, events of the tem po rary oc cu pa tion of our palaeo -
magnetic lab o ra tory, and a re turn to work in war time con di tions,
are de scribed in de tail in Hlavatskyi et al. (2023b). Dur ing
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Fig. 7. Cor re la tion chart of ref er ence sec tions of Ukraine stud ied in re cent years us ing magnetostratigraphy and low-field

mag netic sus cep ti bil ity clf (Hlavatskyi and Bakhmutov, 2020, 2021; Hlavatskyi et al., 2021a)

Loess-soil no men cla ture of in di vid ual sites in Hlavatskyi and Bakhmutov (2020, 2021) and Hlavatskyi et al. (2021a) has been adapted
from the Chi nese (Heller and Liu, 1982; Kukla, 1987) and Dan ube loess stud ies (Buggle et al., 2008), in which added pre fixes des ig nate

the lo ca tion of the sec tions, i.e.; V –  Vyazivok, R – Roksolany, SK – Stari Kaydaky, D – Dolynske; other ex pla na tion as on Fig ure 4
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this time, re sults on pre vi ously sam pled loess sec tions in clud ing 
Sanzhiyka, Zamozhne and Gunky were pub lished as ex tended
ab stracts at in ter na tional con fer ences (Bakhmutov et al., 2022;
Gerasimenko et al., 2022; Hlavatskyi et al., 2022b, 2023a;
Melnyk et al., 2022).

Re gard ing the magnetostratigraphic re search in Moldova,
we have not found any ma te ri als on stud ies of the Moldovan
loess in this third stage of work.

CONCLUSIONS

Loess-palaeosol sites in ves ti gated by mod ern rock mag netic
and palaeomagnetic meth ods are lo cated mainly in the north -
west ern part of Ukraine and in the west ern Black Sea re gion (see 

Fig. 6). This is partly due to the de ploy ment of multi-proxy stud ies 
of the loess-soil suc ces sion of Ukraine in re cent de cades in
these ar eas. On the other hand, this pro vides the task of fo cus ing 
magnetostratigraphic in ves ti ga tion on at least the cen tral Ukrai -
nian loess sec tions (the Mid dle Dnipro re gion), es pe cially given
that the stratotype sec tions of the Vytachiv, Uday, Pryluky,
Tyasmyn, Kaydaky, Dnipro, Potyaga ylivka, Oril, Zavadivka,
Lubny, Sula and Martonosha units are lo cated there. The
well-de vel oped Moldovan loess se quences, which have not
been palaeomagnetically stud ied for the past de cade, are also
very prom is ing for magnetostratigraphic study.

One of the im por tant meth od olog i cal tasks for fu ture stud ies 
is the clar i fi ca tion of the strati graphic po si tion of the “golden
bench mark” of the Pleis to cene, the Matuyama–Brunhes re ver -
sal, and the mech a nism of ac qui si tion of char ac ter is tic mag -

Fig. 8. Mod i fied strati graphic frame work of the Qua ter nary de pos its of Ukraine, pro posed cor re la tion with ma rine iso tope
stra tig ra phy and geo mag netic po lar ity scale in the in ter pre ta tion of the au thors

Magnetostratigraphic data are not shown for Moldova as no Moldovan sec tion was stud ied by the au thors of this pa per (nor since 2010 by
any re search teams). For the Ukrai nian loess-palaeosol strati graphic units the pre fix U was pro posed (Hlavatskyi and Bakhmutov, 2020), re -
fer ring to the stan dard pedostratigraphic frame works of Vojvodina, Ser bia (Markoviæ et al., 2011) and Hun gary (Sümegi et al., 2018), which
use the pre fixes V and H, re spec tively
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netic remanence. In the strati graphic scheme of the Qua ter nary 
de pos its, Veklich (1982) ini tially po si tioned the MBB in the up -
per most part of the Martonosha soil unit; how ever, in sub se -
quent stud ies, Veklich (1987, 1995) pointed out the am bi gu ity of 
the de ter mi na tion of its po si tion by dif fer ent au thors in dif fer ent
sec tions: from the Lubny unit of the Lower Neopleistocene to
the Shyrokyne unit of the Eopleistocene.  At the mo ment, in
most strati graphic schemes of the Qua ter nary of Ukraine
(Gerasimenko, 2010; Gozhik and Gerasimenko, 2011; Gozhyk, 
2012), its po si tion is placed at the base of the Martonosha soil
unit. This con cept dis re gards, how ever, the sig nif i cant
palaeomagnetic stud ies con trib uted by an other Ukrai nian 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 in ter preted at the base of
the older Shyrokyne soil unit.

The re sults of early palaeomagnetic re search, due to the
lack of ac cu rate mag ne tom e ters and some meth od olog i cal is -
sues, led in some cases (in par tic u lar, in south ern re gions) to
mis in ter pre ta tions. An ex am ple is the con trast ing def i ni tions of
the MBB in the Roksolany sec tion by dif fer ent sci en tific teams
(dis cussed in Hlavatskyi and Bakhmutov, 2020). Fur ther more,
nu mer ous geo mag netic ex cur sions, which were prom i nent in
the Ukrai nian magnetostratigraphy in the 1970–1990s, were, in
our view, con fused with the strong in flu ence of the vis cous com -
po nent of mag net is ation due to mea sure ments made with out
mag netic shield ing.

Dur ing the last two de cades, there has been a fun da men tal
im prove ment in the meth od ol ogy of ex tract ing the char ac ter is tic 
remanent mag net is ation sig nal from loess-soil sam ples both by 
west ern Eu ro pean re search ers (Nawrocki et al., 2002, 2016)
and by Ukrai nian palaeomagnetologists (Bakhmutov and
Hlavatskyi, 2016). Since 2000, in two-thirds of the ref er ence
sec tions, the MBB was de ter mined in the lower part of the
Shyrokyne unit or be low it; in one-third (mainly in west ern
Ukraine) it was de tected in the Martonosha unit or Pryazovya
unit (Figs. 5 and 6). This con tra dic tion may be caused by a dif -
fer ent ap proach to the strati graphic sub di vi sion of sec tions; al -
ter na tively, diagenesis may have in flu enced the pres er va tion of
remanent mag net is ation in these loess-soil de pos its. Also, the

pos si bil ity of strati graphic gaps should not be ex cluded from
con sid er ation.

Solv ing this is sue is ur gent for the de vel op ment of re li able
palaeoclimatic cor re la tion of Pleis to cene events re flected in the
struc ture and prop er ties of the loess-soil for ma tion of Ukraine,
as shown by the stud ies of Hlavatskyi and Bakhmutov (2020,
2021). A cen tral task is the de ter mi na tion the po si tion of the
MBB in the stratotype sec tion of the en tire loess-soil suc ces sion 
of Ukraine, Stari Kaydaky, as well as in the stratotype sec tions
of the Martonosha and Shyrokyne units (Fig. 1). The Shyrokyne 
sec tion is cur rently im pos si ble to study due to the Rus sian in va -
sion, but a new palaeomagnetic study of the Kryzhanivka
stratotype sec tion, where the po si tion of the Shyrokyne unit
above the Kryzhanivka unit was de ter mined by the found ers of
the stratigraphic frame work of Qua ter nary de pos its of Ukraine
(Veklych and Sirenko, 1972; Veklich, 1982), is needed.

An im por tant task is the de ter mi na tion of the strati graphic
po si tion of the GMB and, thus, the bound ary be tween the Plio -
cene and Pleis to cene in the Ukrai nian loess strati graphic sys -
tem.

An other prom is ing area of ac tiv ity of palaeomagnetic spe -
cial ists might be the study of loess sec tions in neigh bour ing
coun tries (Po land, Hun gary, Ro ma nia, Bul garia etc.), with the
aim of ex chang ing magnetostratigraphic in ter pre ta tion and cor -
re lat ing Qua ter nary de pos its on a re gional scale. A shift to in ter -
na tional and in te gra tive re search com bin ing mul ti ple meth ods
is needed to cor re late the still-con tra dic tory Lower to Mid dle
Pleis to cene stratigraphies, an im por tant is sue in cen tral, east -
ern and south-east ern Eu rope (Sümegi et al., 2018; Zeeden et
al., 2018; £anczont et al., 2019).
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