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The Upper Pleistocene stratigraphy of the Starunya ssite as a “bridge” between the stratigraphical
frameworks of Western Europe and the plain area of Ukraine

O.M. Adamenko

Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine,
e-mail: katolrad22@gmail.com

Received: 23.01.2019 . . . .
Received in revised form: 04.02.2019 Abstract. The first discoveries of mummified carcasses of the woolly rhinoceros, mammoth,

Accepted: 28.04.2019 horse, roe deer and other animals were made at a depth of 12 m in the course of mining

work at an ozokerite mine near the village of the Starunia. In 1929 an expedition of the

Academy of Arts and Sciences from Krakow, when investigating the mine at a depth of
17 m, found the remains of 3 more woolly rhinoceroses. There were also numerous bones of small vertebrates (rodents), artichokes,
numerous insects, beetles, parasitic worms, fleas, butterflies, spiders, snails, vascular plants, seeds and branches of dwarf birch, alder,
and other representatives of tundra flora. In March 1977, after the earthquake in the Vrancha Mountains (Romania), the first and still
the only mud volcano in the Carpathians, which added an entirely new “ note “ to the Starunia paleontological location , arose on the
ozokerite deposit. In the 1970s-80s several dozen remains of ancient man from the late Paleolithic, Mesolithic and Neolithic periods
were discovered. In 2004-2009, two Ukrainian-Polish expeditions were organized. The results of both expeditions were published in
2005 in the book «Polish and Ukrainian Geological Studies (2004-2005) at Starunia — the area of discoveries of Woolly Rhinoceros»
and the scientific collection «Interdisciplinary Studies (2006-2009) at Starunia (Carpathian Region, Ukraine). The main achievements
are set forth in 17 articles and relate to the geological environment, geomorphology, lithology, stratigraphy and paleography of the
Holocene deposits, their palynological and paleobotanical characteristics, chronostratigraphy and environmental changes during
the period of the late Pleistocene and Holocene, and also research by methods of electric probe, gravity and microgravity survey,
geochemical analysis, microbiological characteristics and bitumen of Quaternary deposits. An important result was the discovery of
the most productive area where the remains of giant mammals and even Pleistocene Cro-Magnon could still be found at depths. All the
numerous interdisciplinary research of Polish and Ukrainian scientists confirms the uniqueness of Starunia on a global scale, requiring
the preservation and further study of the paleontological finds and of the only mud volcano in the Carpathians. Such findings can only
be made by organizing the Starunia International Ecological and Tourist Center «Geopark Ice Age».

Keywords: Upper Pleistocene, woolly rhinoceros, mammoth, tundra, natural-man-made geosystems, paleoclimate.

Cxema crparurpagii Bepxuboro mjeiicrouneny CrapyHi ik «MiCTOK» MikK aHAJOTiYHUMU CXe-
Mamu 3axigHoi €Bponu Ta piBHHHHOI YKpaiHH

O. M. AgamMeHKoO

lsano-Ppankiscorull HayioHATbHUL MeXHIYHULL YHIgepcumem Hagmu i 2aszy, Yrpaina, Ieano-PpanKiscok,
e-mail: katolrad22(@gmail.com

Awnorauisi. [Tepii 3Haxigku MyMihiKoBaHHX TYII BOJIOCATOr0 HOCOPOTra, MAMOHTA, KOHsI, KO3yJi Ta IHIINX TBapUH 3AiHCHIOBAJIKCS Ha
mOHHI 12 M Ipy IPOXOKEHHI TIPHAYIX BUPOOOK T BUAOOYTKY 030KepHTy 01t cena Carpynst. Y 1929 pomni excrienuiiisi Akagemii
MHCTENTB Ta Hayk i3 KpakoBa, mij 4ac MpOXO/PKEHHs IIaxTH Ha MIMOMHI 17 M, BUSBHIIA 3aJIUIIKH IIe 3 BOJIOXAaTHX HOCOPOTiB. byan
TaKOX YHCIICHHI KiCTKH APIOHNX XpeOeTHUX (IPU3yHIB), apTUIIOKH, YUCICHHI KOMaxXH, )KyKH, Tapa3suTHIHI XpoOakw, Oromuii, MeTe-
JIMKH, TTaBYKH, CIIMMAKHU, CyANHHI POCIMHY, HACIHHS Ta TUIKM KapJIMKOBOI Oepes3H, BUIBXU Ta IHIINX MPEICTaBHUKIB TYHIPOBOi iro-
pu. Y 6epesni 1977 poky, miciist 3emierpycy B ropax Bpanda (PymyHis), Ha 030KepHTOBOMY POZOBHINI BUHUK NEPIIMH 1 10 LUX Mip
YHIKQJIBHU# Tps3boBUii BynkaH B Kaprarax, sikvii HaJlaB CTapyHCBKOMY ITaJIEOHTOJIOTIYHOMY MiCI[E€3HAXOKECHHIO HOBE «3BYUaHHS».
VY 70-80-x pokax XX cTomiTTsi Oy/0 BUSIBICHO AEKINTbKAa JECATKIB CTOSHOK CTapOAAaBHBOI JIOAMHMU I1i3HBOTO MAJCOJiTy, ME3ONiTy i
HEOJITY.
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Y 2004-2009 poxax Oyito opraHi30BaHO JBi yKpaTHCHKO-TIONBCHKI eKcTieAnIIii. Pesynprati 060X ekcnequmniii Oyau omyomikoBaHi y 2005
poui B kum3i «Ilonbcbki Ta ykpaiHckki reonorivni gocmimkenas (2004-2005) y CrapyHi — o6acTi BiIKpHTS IIEPCTHCTOTO HOCOPOTay
Ta HayKoBoMY 30ipHHKY «Mikancuumiinapsi gocuimkenss (2006-2009) y «Crapynii» (Kapraru). OcHOBHI ZOCSTHEHHS HaBe/leHi B 17
CTATTAX 1 CTOCYIOTHCS T€0JIOTYHOTO CepeJoBHIIa, reoMopdoItorii, Jitosorii, crparurpadii Ta naneorpadii rooreHOBUX BiAKIaiB, X
HaJiHOJIOTIYHOT Ta Maaeo00TaHIuHOT XapaKTePUCTHK, XpOHOCTpaTirpadil Ta 3MiHH HABKOJIMIIHBOTO CEPEAOBHILA BIPOJOBK Ii3HBOTO
IUICHCTOLIEHY Ta TOJIOLECHY, a TAKOXk CTOCYIOTHCS NOCIIPKEHb METOAAMM €JIEKTPUYHOIO 30HYBaHs, I'PaBi- Ta MarHiTOPO3BiIKH,
TeOXIMIYHHX aHaJi3iB, MIKpPOOIOJIOTIYHUX XapaKTEPUCTHK Ta OiTyMiB YeTBEPTHHHHX BiIKiIaniB. Pe3ymsraTroM mporo Oyio BiIKpUTTS
HAMOLTBII CIPUSTIMBOTO PalioHy, I¢ Ha IIMOMHI BCE 1€ MOYKHA BUSIBUTH 3JIMIIKHU TTaHTCHKUX CCaBIIiB 1 HABITh KPOMAHBOHIIIB TIJICH-
CTOIEHY. YCi YHMCIICHHI MDKAUCIMIUTIHAPHI IO CITi/KCHHS MTOJBCHKUX 1 YKPATHCHKUX BUCHUX i ITBEPIDKYIOTH YHIKaIbHICTh CTapyHi Ha
100aTbHOMY PIBHI. 1[0 BUMarae 30€peKeHHS 1 ITOJaIbIIOr0 BUBUCHHS MTAJICOHTOIOTYHNX 3HAX1JIOK 1 €AMHOTO TPSI350BOTO BYJIKaHA B
Kapnarax. Taki BHCHOBKH MOXKYTb OyTH 3po0JIeHI JIMIIE IIUITXOM OpraHi3alii Mi>XHapOJAHOTO €KOJIOTO-TYPHCTHYHOTO IeHTpy «[eonapk
JIbomOBUKOBUI TIEPiOIY.

Knrouogi crosa: eepxmiii naeticmoyen, 6o10Xamuii HOcopie, MAMOHM, MYHOPA, NPUPOOHO-AHMPONOLEHHI 2e0CUCeMU, NATEOKTIMAMU.

Relevance of the topic. The ecological state of the
environment in the western region of Ukraine has
considerably deteriorated over the last decade. It is
caused by excessive recreational loading, pollution
of water objects with domestic sewage, increasing
emissions of vehicles into the air, uncontrolled felling
of the forests, the impact of technogenically hazardous
objects: Burshtinska TPP, Kalush salt mines, the
Dombrovsky quarry and its tailings , objects of oil
and gas extraction and petrochemical processing,
unauthorized extraction of sand gravel-pebble deposits
from river channels, active development of landslides,
sulphurization, karst and erosion processes. The
construction of a hydroelectric power station on the
mountain rivers and the Dniester river, which involves
the construction of a dam and a reservoir, water pipe
lines along the channels of mountain rivers, can be
a major new environmental threat. The catastrophic
floods on the Dniester, Prut, Siret and Tisza rivers,
which have become more frequent in recent years
(2002, 2008, 2018), are associated with a special
threat to natural geosystems, economy, transport
infrastructure and population, which is associated
with global warming and increasing technogenic
load on geosystems. The western region of Ukraine
is located in the zone of developed atmospheric storm
activity and, accordingly, in the area of increased risk
of occurrence of waterborne disasters occurring on
various scales, including catastrophic, flooding and
waterlogging of territories, destruction of engineering
infrastructures and disruption of communications
with devastating consequences.

Therefore, it is important to map natural and
human structures based on maps of Quaternary
deposits, geomorphology, landscapes, which are
based on a detailed stratigraphic dismemberment of
the Pleistocene and Holocene supporting sections.
One of such sections is Starunia — the paleontological
location of the late Pleistocene fauna of wooly rhinos
and mammoths in Bogorodchansk district of Ivano-
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Frankivsk region, 18 km from the city of Ivano-
Frankivsk.

From the history of research. The first finds at
this site of the wooly rhinoceros, mammoth, horse,
roe deer, and other animals of the Pleistocene’s so-
called mammoth fauna were made in October 1907
at a depth of 12 m during the excavation of a shaft
for the extraction of ozokerite near the village of
Starunia. Scientists from Krakow and Lviv duly
appreciated these unique discoveries and published a
number of articles and a monograph in 1914 (Bayger,
1914; Lomnicki, 1908).

In 1929, an expedition of the Academy of Arts
and Sciences from Krakow while digging a special
research shaft found three more carcasses of woolly
rhinoceros embalmed in bitumen and salt at a depth
of 17 m. There were also numerous rodent bones,
mollusc shells, numerous insects, beetles, parasitic
worms, fleas, butterflies, spiders, snails, vascular
plants, dwarf birch seeds and branches, alder and
other representatives of tundra flora (Kotarba,
2005). Comprehensive study of these finds and the
corresponding publication were interrupted by the
Second World War.

In the postwar years, ozokerite deposits in the
villages of Starunia and Dzvinyach were explored,
active exploration for oil was conducted, but its
deposits in the dome of the Starunia fold proved not
to be industrial.

In March 1977, after the earthquake in the
Vrancha Mountains (Romania), on the ozokerite
deposit of Starunia, the first mud volcano in
the Carpathians arose, adding to the Starunia
paleontological location a new «sound». Professors
of the Ivano-Frankivsk Institute of Oil and Gas, N.
Kh. Bilous and V. M. Klyarovsky, who studied the
manifestations of mud volcanism in Starunia during
1977-1988 (Belous, Kliarovskyi, 1987), registered
this 60 hectare site at as a natural geological
monument of national value. At the same time, the
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study of Starunia drew the attention of geologists of
the Department of General Geology of the Institute
of Oil and Gas, O. Adamenko, O. R. Stelmakh, G. D.
Stelmakhovich, N. M. Shevchuk, V. V. Kolencko
(Adamenko, Kryzhanivskyi and Vekeryk, 2005;
Adamenko, 2007; Adamenko et al, 2017; Adamenko
O.M., Karpash O.M., Zorin D.O., Kotarba LV.,
Mosiuk L.I., Kovbaniuk M.I., Adamenko O.M. 2007,
Adamenko O.M., Kryzhanivskyi Ye.l., V.I. Vekeryk.
2005).

They were joined by paleontologists of the
Natural History Museum of the National Academy
of Sciences of Ukraine from Lviv, D. M. Drigant
and others (Kotarba, 2005), as well as archaecologists
of the Institute of Ukrainian Studies named after. I.
Krepeyakevych of the National Academy of Sciences
from Lviv, L.G.Matskevy and Ivano-Frankivsk
Pedagogical Institute named after V. Stefanyk,
B. A. Vasilenko and I. T. Kochkin (Adamenko,
Kryzhanivskyi and Vekeryk, 2005; Lomnicki, 1908).
In the vicinity of Starunia, several dozen remains
of ancient man from the late Paleolithic, Mesolithic
and Neolithic periods were discovered. It is worth
mentioning that in 1914 Professor M. Lomnitsky
(Bayger, 1914) wrote about a round hole in the skull
of a rhinoceros, along with which a fragment of a
wooden spear with a sharpened end was found. That
shows that primitive hunters - Cro-Magnon lived
alongside the woolly rhinoceros.

In 1988-1989 the Institute of Oil and Gas (O. M.
Adamenko, O. R. Stelmakh, L. M. Mikhals’k, 1. R.
Mihailiuk) began research on Starunia financed by the
Ministry of Education and Science of Ukraine. The
detailed (1: 10,000) topographical (R.G. Pylypiuk)
and radiometric (V.P. Stepaniuk) monitoring of
the monument were also performed (Adamenko,
Kryzhanivskyi and Vekeryk, 2005).

In 2004 two Polish-Ukraininan expeditions
explored the area, their results were published in two
monographs by M. Kotarba (Kotarba, 2005; Kotarba,
2009).

Materials and methods. In 2006-2009, it was
possible to arrange drilling of 33 core wells with
100% core output for detailed study of sections II and
I of the above-floodplain terraces and the re-enclosed
valley of the River Lukavets Veliky buried beneath
them. Geological and geomorphological, geophysical,
geochemical studies with the use of modern technology
continued. Several dozen radiocarbon dates from 44
to 11 thousand years have been received. Isotopic
determination of carbon was performed to understand
its origin from — taken from the depths of the oil
deposit or from the decomposition of bioorganic

plants and animals of the Pleistocene. Dozens of
detailed spore-pollen charts, paleocarpological and
malacofaunistic definitions have been obtained. The
structure of deposits was detailed with the help of
microgravity, electrostatic, microbiological methods.
It is determined that the Pleistocene incision covers
the period from the Eemian interglacial to the
last phase of the Wiirm glaciation. The section of
Holocene deposits is also studied in detail. But the
most important result was the discovery of the most
productive area, where the remains of Pleistocene
mammals could still be found, and possibly their
hunters - our ancestors Cro-Magnon, were found at
depths from 4.5 to 8 m in paleoswamp sediments with
a capacity of 2 m of bituminous black mud and salt

In 2016-2018 geologists and ecologists of
the University of Oil and Gas, V.G. Omelchenko,
T. Kalin, D.M. Vinnichuk, T.Yu. Fedorchak, V.P.
Javorsky performed radiometric and snow-gauge
measurements at Starunia, They evaluated the soil
cover by selecting 133 samples and analyzing them
for the content of heavy metals Cd, Pb, Cu, Zn and
petroleum products, and determined the surface water
quality of the Lukavets Veliky and Rinne streams.
Presenting the main material. The Starunia
paleontological location is located within the limits
of the historic nature monument of Starunia with an
area of 60 hectares (Belous & Kliarovskyi, 1987) or
on the Starunia geodynamic landfill (Adamenko et
al., 2017). In geological-tectonic terms, this is the
Boryslav-Pokutsky zone of the Precarpathian regional
(advanced) deflection of the Carpathian oil and gas
province (Kotarba, 2009).

The Quaternary part of the geological section
is represented (from the top down) by the Miocene
molasse of the Vorotischenskaya suite, often saline,
criss crossed by ozokerite veins. Below is a flysch —a
varied rhythmic alternation of sandstones, siltstones,
argillites from the Upper Cretaceous to the lower
Miocene (Stryi-Menilite suites). The Boryslav-
Pokutsk (Inner) zone of the Precarpathian Bend is a
complex of covers, chunks, and scales piled one upon
another in a north-easterly direction. The zone from
the southwest borders the Skybavy Carpathians, and
in the north-east it borders Sambirskaya, and then
further it borders the Bilche-Volytsky (External) bend
zone. And further east-north-east extends the East
European plain.

Oil and gas is associated with several horizons
of the Menilite suite (Oligocene-lower Miocene)
and middle Eocene. In the immediate vicinity to
Starunia, there are several oil and gas condensate
fields - Gvizdetsk, South-Gvizdetsk, Vysotsky,
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Monastyrchanske, Pnivske, Pasichniansk, Biitkov-
Babchinsk. To the south-east of Starunia there is
another deposit of ozokerite — Dzvinske, and further
to the north — the Starunia deposit of natural salts.

The Quaternary part of the geological section
has been studied only in recent years, after well
drilling and core research (Fig.1) (Kotarba, 2009;
Sokolowski T. & Stachowicz-Rybka, 2009). The
geological section (Fig.2) was made by the author,
according to the results of drilling, using space images
and aerial photography from a drone.

The south-western part of the study area is the
slope of the watershed, covered with Eolian-deluvial,
so-called covered with loess-like loams and clay of
pale-brown, yellow-grey and brown colour edp, 0%
The zones contain numerous lenses of sand, gravel,
rough debris of native rocks. There is a similar slope is
to the east. Between the slopes is the valley of the Veliki
Lukavets with II and I above- floodplain terraces, the
alluvium of which is blocked by deluvial-proluvial-
technogenic clay-salt deposits of mud-oil-salt streams
dptQ, and man-made debris-clay deposits of mining
waste dumps tQ (Fig.2).

Alluvium [T aQ " and I aQ ** of the terraces are
represented by stream deposited pebbles, with gravel
and sand at the bottom of the sections, and the greater
part of the preposterior part are lake-marsh facies -
dark-grey, often bituminous, peaty namulas [hQ?
and /hQ . Under the terraces is the reburied, buried
ancient valley a/Q 'e. In the lower sections of the I
terrace the remains of four rhinos and one mammoth
were found.

The section of the quarter is finished with alluvial
gravel and pebbles, loam and silt of high aQ,’, middle
alQ, and lower aQ,’ of the floodplain terraces. The
youngest Holocene formations include deposits of a
mud volcano vQ,’ and oil emissions ptQ’ from wells
and «volcanoesy.

The age of the Quaternary deposits is determined
by radiocarbon dating of the mammals and molluscs,
paleocarpological and palynological (spore-pollen)
complexes and archaeological cultures.

Radiocarbon dating of the cores of the section
of the 16th wells and 2d outcrop showed that the
minimum age of the peat, peat mud, biogenic and
clay mud fluctuates within the preboreal, that is, the
late pleniglacial (28-13 thousand years ago). There
are more ancient dates (34-48 thousand yerars ago.),
which refer to the middle pleniglacial. The Holocene
deposits are dated from 230-325 to 4,505-5,490 and
11,110-11,430 years ago. T.T. Kis, K.Rosanski,
T. Gloslar, R. Stachowicz-Rybka (Kuc, T., Rozah-
ski K., Goslar T., Stachowicz — Rybka R., 2009),
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who performed radiocarbon studies, believe that
the age given by Cl4 is «deformed», because the
samples are saturated with bitumen, oil and salt. It is
recommended to continue to search for unchanged
samples for radiocarbon dating.

Archaeological research. In 1976-1982, the
Carpathian archaeological expedition of the Institute
of Social Sciences (now the 1. Krepiakevych Institute
of Ukrainian Studies, NASU) (Matskevyj L.G.,
2005) carried out comprehensive research in the
vicinity of the village Starunia. As a result, near
the paleontological location, 12 partially 2-3
spherical stands were discovered, in which at least
17 settlements of ancient man from the Paleolithic
to the Middle Ages were traced. Thus, for millennia
the territory was favourable for the settlement of our
ancestors who hunted large animals.

This reveals great possibilities in Starunia for
discovering the remains of people from the Cro-
Magnon Era to later epochs. Such finds can be found
both in settlements, and in deposits of ancient swamps.
Stationary excavations have been carried out only at
settlements of the Mesolithic and Neolithic periods in
an area of 1649 m’. More than 5 thousand artifacts
and faunal remains (Starunia and culture of Vorotsiv-
Starunia) have been found.

Itis advisable to conduct excavations according to
L.G. Matskevyj (Matskevyj, 2005), in the settlements
of Starunia IV and XI, located nearer to the findings
of woolly rhinoceros and mammoth.

Malacofauna, paleocarpological and palynolo-
gical complexes have shown that in the late
Pleistocene, Starunia is characterized by multiple
alternation of periods of cooling with tundra flora
and warming periods, which allowed us to offer a
comparison (correlation) of the stratigraphic schemes
of the upper Pleistocene of Starunia with similar
schemes in Western Europe and lowland Ukraine
(Table 1) .

On the basis of the obtained data, the author
carried out paleoclimatic reconstruction, which should
be characterized as from the post-Miocene age, the
period of formation of the valley of the Dniester River
and its tributaries , 1* order — the Bystrytsia River,
2 — the Bystrytsy Solotvynsky and 3¢ — the Veliki
Lukovets , in which Starunia is located.

Consequently, at the end of the Miocene, the
island of the Carpathian bend rose from the Thetis
Ocean and its continental development began. In
the Pliocene, the north-eastern macro-slope of the
Carpathians was dismembered by many parallel river
valleys, which carried from the mountains a coarse-
deep alluvium, forming along the mountain range
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Fig. 2. Cross section (profile) of the valley of Big Lukavets rive

numerous cones (inner delta) and the ancient valley
of the Dniester, located in the district of the present-
day village Loeva, about 30-40 km southwest of its
present position near the town of Galich.

The rise of the Carpathians gradually pushed
the Dniester east-north-ecast. Large- alluvium
deposits formed two ancient Late Pliocene terraced
plains - VII (Krasnaja) and VI (Loev). The climate
was subtropical, like the current Mediterranean,
as evidenced by the reddish-brown colour of the
sand-clay cement globular alluvium and overlying
clay. Their colour is due to the active migration of
hydroxides of iron.

In the early Pleistocene the V (Galician)
terrace of the Dniester was formed, in the middle
- IV (Mariyampol), and in the beginning of the
late - III (Yezupil) terraces. Then the history of
the Dniester continues with the Veliki Lukovets.
From the beginning, in the Eemian interglacial, the
redevelopment of its valley was 10-15 m deeper than
the modern channel (Fig. 2) under the influence of the
warm and humid climate and neotectonic activity.

The landscapes were of tundra type, with dwarf
birch (Betula nana), alder (Alnus), basket willow
(Salix viminalis), etc. The climate was harsh, and
corresponded to the Wiirm glaciations (59-13 thousand
years ago). Its maximum occurred 18-16 thousand
years ago, when the first above-floodplain terrace had
already begun to form. Perhaps it was particularly
at that time when herds of wooly rhinoceroses and
mammoths grazed in the valley of Starunia and the
Cro-Magnons who hunted them lived. During the
late pleniglacial and the late Weichselian glaciation
(Bolling-Allered-early Dryas), the first terrace

218

continued to form. The valley of Lukovets Velyky
was rejuvenated, and new stream-bed facies appeared.
Tundra conditions changed to forest-steppe conditions.
Thus, it continued from 13.0 to 10.2 thousand years
ago, that is the early Holocene. T. Sokolowski and
R. Stachowicz-Rybka (Sokolowski T., Stachowicz-
Rybka R., 2009) write that in the valley, instead of
swamps, lakes appeared, which were often saline,
related to thermo-karst processes. On the shore slopes
of the Lukovets Velyky and the Rinne stream, shifts
often occur due to the impact of solifluction.

At the border of the late Weichselian and
Holocene, a division of the relief took place, but
the Lukovets Velyky had lower energy compared to
current epoch. Neotectonic movements and changes
in climate led to formation of three levels of floodplain
during the Holocene — high (Eo-Holocene), middle
(Meso-Holocene) and low (Late Holocene).
Conclusions. In the future, it is planned to perform
georadar sensing and other detailed geo-ecological
and exploratory works at Starunia - this is a
paleoclimatic benchmark survey for the development
of the nature of ancient geosystems, a bridge between
the stratigraphic schemes of the Quartet of Western
Europe and the lowland territory of Ukraine; this is
a globally unique paleontological location , famous
for its well preserved mummified carcasses of woolly
rhinos, this is the only active mud volcano in the
Carpathians and, finally, it is an extremely interesting
object of international tourism. The author has the
hope that there will be investors who will help save
for future generations the unique phenomenon of
Starunia.
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Spatio-temporal differentiation of distribution patterns of Salicornia perennans, Halimione
verrucifera, and Suaeda cf. prostrata (Chenopodiaceae) in the plain part of Ukraine during the
Allered—Holocene
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Received: 14.02.2019 Abstract. The article provides paleofloristic evidence for the history of formation of
Received in revised form: 27.02.2019 modern halophytic vegetation in the plain part of Ukraine. Pollen grains of representatives
Accepted: 08.04.2019 of selected taxa of the family Chenopodiaceae, which belong to the ecological group of

halophytes, are important components of palynological characteristics of the Pleistocene-
Holocene deposits. Results of species-level identifications of halophyte fossil pollen provide a solid basis for the reconstruction of
distribution patterns of plant communities on saline soils in space and time. Our analysis of paleofloristic data included both the
original results of species-level identifications of pollen grains of Chenopodiaceae and the relevant literature data. The objective of
the present research was to analyze and generalize the results of paleofloristic studies that provide evidence on the participation of
three characteristic species (Salicornia perennans, Halimione verrucifera, and Suaeda cf. prostrata) in the palynofloras of the Allerod—
Holocene deposits of the Right-Bank and Left-Bank parts of the Forest, Forest-Steppe, and Steppe physiographic and vegetation zones
of Ukraine. The selected model species at present predominantly occur on wet solonchaks within the present-day Steppe Zone of
Ukraine. Only occasionally they occur in the southern parts of the Left-Bank area of the Forest-Steppe Zone. It is worth noting that S.
perennans, H. verrucifera and S. cf. prostrata can be also considered as indicators of changes of soil conditions in the past. To increase
the reliability of specific-level identifications of fossil pollen of these model taxa, additional palynomorphological studies using
both light microscopy and scanning electronic microscopy were performed. The generalized results of paleofloristic studies (fossil
palynofloras in deposits of 12 sections) allowed tracing the spatiotemporal differentiation of distribution patterns of S. perennans, H.
verrucifera, and S. cf. prostrata in the plain part of Ukraine during the Allerad—Holocene. We first reconstructed both a history of the
dynamic ranges (areas of distribution/occurrence) of each of these three indicator species of halophytic vegetation and paleofloristic
evidence of distribution of saline soils (in particular, wet salt meadows, salt marshes) in the plain part of Ukraine in space and time for
the considered period. It is worth emphasizing that, as compared to the Right-Bank area, paleofloristic materials presently available
demonstrate that the processes of soil salinization were more common in the territory of the Left Bank of the Forest and Forest-Steppe
zones of Ukraine during the Late (Younger) Dryas. This trend is also quite clearly traced in the Holocene. Salicornia perennans, H.
verrucifera, and Suaeda cf. prostrata most often participated in the formation of plant communities common in saline soils during the
Early (PB, BO) and Middle (SB) Holocene in the Left-Bank area of the Forest-Steppe Zone. Due to the results of palynomorphological
studies, additional qualitative and quantitative diagnostic characters have been identified and summarized; these characters can be used
in the future for species-level identification of pollen grains of S. perennans, H. verrucifera, and S. cf. prostrata in the spore-pollen
analysis of deposits of the Quaternary of Northern Eurasia.

Key words: paleofloristics, palynofiora, halophytes, Allerod—Holocene, pollen grains, morphology, spore-pollen analysis, Ukraine

IIpocTopoBo-uyacosa nudepenuianiss nommperns of Salicornia perennans, Halimione verrucifera
Ta Suaeda cf. prostrata (Chenopodiaceae) Ha piBHUHHI YacTHHI YKpaiHi BOPO0BK ajiepeny—
roJIOLeHy
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AHortauisi. B cTarti po3nisnaeTbcs NMUTaHHS Naieo(IOPUCTHYHOTO OOTpyHTyBaHHs icTopii (opMyBaHHS cydacHO ranogitHOl
pOCIMHHOCTI Ha pIBHMHHINA yacTuHi Ykpaiuu. [TuinkoBi 3epHa mpexactaBHUKIB ponunu Chenopodiaceae Vent., siki BITHOCSATBCS J10
eKOJIOTIHYHOI rpymny TanodiTiB, € OIHIEI0 3 BATOMUX CKJIAIOBHX IMAJTIHOJOTIYHUX XapaKTEPUCTHK BiAKIAIIB IUICHCTOICHY—TOJIOICHY.
Pesynbrati BUoBOi ieHTH(DIKAI] BUKOITHOTO MIJIKY Talo(iTiB CTBOPIOIOTH HAIIHY OCHOBY JJISi PEKOHCTPYKIIii OMIMPEHHS poc-
JIMHHUX yTPYIIOBaHb HA 3aCOJCHUX IPYHTaX B MPOCTOpi Ta yaci. Jlo aHamiTHYHOT 00poOKH NaneoIOpHCTUYHIX MaTepiajliB BUIOBOTO
piBH: OynM 3aiTy4eHi sIK OTpUMaH1 HaMM Pe3yJIbTaTH BUI0BOT iMeHTH ]Ikl muikoBuX 3epeH Chenopodiaceae, Tak 1 miTepaTypHi JaHi.
Meroro crarTi Oy aHaii3 Ta y3arajJbHEHHs Pe3yNbTaTiB Maneo(IOPUCTHYHUX JOCIIIKEHb, SIKi CBITYaTh PO Y4acTh TPHOX MOJIEIIb-
HUX BUIIB (Salicornia perennans, Halimione verrucifera ta Suaeda cf. prostrata) B naninouopax BiIKJIaiB alepeay—TOJIOICHY
[IpaBobepesxnoi Ta JliBobepesknoi wactun Jlicosoi, Jlicoctenoroi Ta CrenoBoi 30H Ykpainu. 3a3HaunMo, Mo oOpaHi HaMH MOJEbHI
BHIH, CHOTOHI MONIMPEHI MEPEBaXHO Ha MOKPHX COJIOHYaKaxX Ha TepuTopii CTermoBoi 30HU. 3pifka BOHU TPAIULIOTHCS Ha MIBIHI
JliBoGepexoks JlicocTenoroi 30uHu. BapTo Haronocutu, mo S. perennans, H. verrucifera ta S. cf. prostrata MoxxHa Tako)X po3IJIsIaTy i
K IHJUKaTOPH 3MiH I'DYHTOBHX YMOB B MUHYJIOMY. JlJIsl Ii/IBUILEHHS CTYIIEHS O0IPYHTOBAHOCTI BUJOBUX BU3HAYEHb BUKOITHOTO ITHJIKY
LIUX MOJICTIBHUX TAKCOHIB OyJI0 IPOBEICHO iXHE MaliHOMOP(OIOTiYHE TOCITIPKEHHS 3 BAKOPUCTAHHSM SIK CBITJIOBOI, TaK 1 €IEKTPOHHOT
CKaHyBaJIbHOT Mikpockoril. OTpuMaHi Ta y3arajgbHeHi pe3yabsTaTH naneoGpropucTHIHNX J0CITIKeHb (BUKOITHI MaNiHO(GIOPH BiJKIIAIIB
12 po3pi3iB) JO3BOIMIN HPOCTEKUTH IIPOCTOPOBO-YACOBY AU(EePEHIIaIiIo TOMHpeHHs S. perennans, H. verrucifera ta S. cf. prostrata
Ha pIBHUHHINA YKpaiHi BOPOJOBXK anepenay-roioneHy. Hamu Brepiie Oylio peKOHCTPYHOBAaHO SIK iCTOPII0 TIOMIUPEHHS KOXKHOTO 3 IIHX
IHIMKAaTOPHUX BHUIIB TaT0(iTbHOT POCIUHHOCTI, TaK 1 HABEICHO MajaeopIOpUCTHYHE OOIPyHTYBAaHHS MOMIMPEHHS 3aCOJICHUX IPYHTIB
(MOKpi comoHuYaKH) Ha PIBHUHHINA YKpaiHi B mpocTopi Ta yaci. BaxinBo Haromocuty, mo nopisHsHO 3 [IpaBoOepesoksiM HasBHI Ha
el yac naneo(IOpUCTHYHI MaTepialii CBijuaTh Mo OUIbIIE MOMIMPEHHS MPOLECIB 3aCOJICHHs IPYHTIB Ha Teputopii JIliBoOepesoks
JlicoBoi Ta JlicocTenoBoi 30H YkpaiHU BIPOIOBK Mi3HBOTrO jpiacy. Ll TeHAeHIs JOCHTH YITKO MPOCTEXKYEThCS i B TOJOLEHI. S.
perennans, H. verrucifera ta S. cf. prostrata Haifuacrinre 6panu y4acTs y (GOpMyBaHHI POCIMHHUX yTPYyNOBaHb, MOMNPEHNX HA 3aCO-
JICHUX TpyHTax BIponoBx panHeoro (PB, BO) ta B cepenapomy (SB) romnoreni Ha teputopii JliBoGepesoks JlicocTenoroi 30Hu. 3a
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ananis, Yxpaina

Introduction. In Ukraine, the main stages of studies
of modern halophilous vegetation and complicated
issues of its classification were comprehensively
considered in the pioneering work by G.I. Bilyk
(1963). Subsequently, integrated studies of this
azonal type of vegetation allowed obtaining new data,
developing modern approaches for their interpretation,
and producing an updated syntaxonomic scheme for
communities of the halophyton in Ukraine (Dubyna,
Dziuba, Neuhduslova, Solomakha, Tyshchenko,
Shelyag-Sosonko, 2007). Results of analyses of the
taxonomic composition of the halophyte flora of
Ukraine demonstrated that most of halophilous species
occurring here belong to the family Chenopodiaceae
Vent. These species play a significant role in the
formation of the ecological group of halophytes that
are common in the territory of modern Steppe and
Forest-Steppe zones of Ukraine (Bilyk, 1963).

In modern palynology of the Pleistocene and
Holocene deposits of Ukraine, many problems of
paleobotanical and paleoecological reconstructions
canbe solved by increasing the number of more reliable
species-level identification of components of fossil
palynofloras (Bezusko, Mosyakin, Bezusko, 2011;
Mosyakin, Bezusko, Tsymbalyuk, 2017; Andrieieva,
2011; Gerasimenko, Korzun, Ridush, 2014; Sirenko,
2017; Bezusko, Tsymbalyuk, Mosyakin, 2018). In
this context, identifications of fossil pollen grains
of representatives of Chenopodiaceae provide
significant components for such reconstructions
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(Monoszon, 1985; Pashkevich, 1987; Grichuk, 1989;
Bolikhovskaya, 1995; Komar, 2000; Yelovicheva,
2001; Velichko, Zelikson, 2001; Bezusko, Mosyakin,
Tsymbalyuk, 2003, 2006; Bezusko, Mosyakin,
Bezusko, 2011; Andieieva, 2010, 2011; Korniets,
Komar, 2001). Such more accurate identifications
are also important for solving many problems of the
present-day indicative paleofloristics (Monoszon,
1973a). The successful development of paleofloristic
studies was facilitated by the results of a thorough
palynomorphological study oftaxa of Chenopodiaceae
conducted by M.H. Monoszon (1973b). At the present
stage of palynological studies of the Pleistocene
and Holocene deposits in Ukraine, we used for
our species-level identification of pollen grains of
Chenopodiaceae both a traditional identification
key proposed by M.H. Monoszon (1973b) and new
palynomorphological approaches that resulted from
research by Z.M. Tsymbalyuk (Tsymbalyuk, 2005;
Tsymbalyuk, Mosyakin, Bezusko, 2005) focused on
pollen morphology of Chenopodiaceae of Ukraine
using light and scanning electron microscopy.

It can be argued that a high degree of reliability
of paleobotanical and paleoecological reconstructions
is achieved with comprehensive application of
paleopalynological and  palynomorphological
(actuopalynological) data, and that has been taken
into account when formulating the purpose of the
present article.

The objective of our present research was to
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analyze the lists of species of Chenopodiaceae in the
palynofloras of the Allerad—Holocene sediments of the
plain part of Ukraine and to determine the participation
of the three model species: Salicornia perennans
Willd., Halimione verrucifera (M. Bieb.) Aellen, and
the species complex of Suaeda cf. prostrata — S. cf.
salsa (L.) Pall.; these taxa belong to the ecological
group of typical halophytes (occurring mainly in wet
salt marshes, solonets and solonchak types). Another
objective was to reconstruct their distribution in space
and time and, using the example of these model taxa,
to present the results of palynomorphological studies
as revealing the patterns of formation of the present-
day halophytic vegetation within the territory of
Ukraine.

In the modern flora of Ukraine, Salicornia
perennans Willd. (= S. prostrata Pall., nom. illeg.; S.
herbacea auct. non L., S. europaea auct. non L., p.p.)
occurs in the Steppe, southeastern Left Bank areas of
the Forest—Steppe zones, and in steppe and maritime
habitats of Crimea. The range of S. perennans covers
areas of continental and coastal saline habitats
(Opredelitel vysshikh rasteniy Ukrainy, 1987;
Monoszon, 1973a). Salicornia perennans has a root
system in the surface layers of wet to moist highly
saline soils. The species is part of plant communities
of wet saline soils and is an indicator of strongly
mineralized chloride salinization of groundwater. The
plant communities of S. perennans belong to the true
solonchak succulent-herbaceous vegetation (Bilyk,
1963). Taxonomy and nomenclature of the species is
accepted here following N.N. Tzvelev (1993, 1996a)
and H. Freitag (2011). In earlier Ukrainian and
East European publications [Iljin, 1936, 1952, and
references therein| the names S. prostrata, S. herbacea
(auct. non L., p.p.), and S. europaea (auct. non L.,
p.p.) were commonly used (mainly misapplied) to our
species.

Halimione verrucifera (M. Bieb.) Aellen (=
Atriplex verrucifera M. Bieb.) occurs along the shores
of the Black Sea and the Sea of Azov on wet saline
soils (solonets and solonchak). Occasionally isolated
exclaves of the species occur on the Left Bank of
the Forest-Steppe zone (Bilyk, 1963; Opredelitel
vysshikh rasteniy Ukrainy, 1987). Communities of H.
verrucifera belong to the true solonchak semi-shrub
(subshrub) vegetation (Bilyk, 1963).

Two related species of Suaeda sect. Brezia
(Moq.) Volkens (= sect. Heterosperma lljin), Suaeda
prostrata Pall. and S. salsa (L.) Pall., are distributed
in Ukraine in the south of the Forest-Steppe Zone
(occasionally), in the Steppe Zone, and in Crimea on
wet solonchaks (Bilyk, 1963; Opredelitel vysshikh

rasteniy Ukrainy, 1987). Nomenclature of these and
some other taxa of Suaeda was rather confused (see
Iljin 1936, 1952; Tzvelev, 1996b); here we accept the
taxonomic and nomenclatural scheme proposed by H.
Freitag and M. Lomonosova (2006). Since the pollen
grains of these taxa are similar (probably somewhat
larger in tetraploid S. salsa) and these two species
were often not distinguished (or misidentified) in the
past, we use here for fossil pollen the conventional
identification "Suaeda cf. prostrata". The present-day
communities with participation of S. prostrata and S.
salsa belong mainly to the true solsonchak succulent-
herbaceous vegetation (Bilyk, 1963).

Materials and methods. In order to achieve the
objectives of our research, the two main blocks of
studies were performed. The basic method during
paleofloristic studies was spore-pollen analysis of
the species composition of Chenopodiaceae in the
palynofloras of the Allered—Holocene deposits of
sections in the plain part of Ukraine. Fossil pollen
grains of the three model taxa of halophytic vegetation
(Salicornia perennans, Halimione verrucifera and
Suaeda cf. prostrata) were identified. We used both
original species-level identifications of paleofloristic
material, based on our identification approach for
Chenopodiaceae (Bezusko, Mosyakin, Bezusko,
2011), and available data from literature (Andrieieva,
2010, 2011; Korniets, Komar, 2001). The main
attention was paid to the presence/absence of pollen
of the model taxa in the fossil palynofloras, which
served as the base for further reconstruction of their
distribution patterns in space and time.

The palynomorphological part of this study was
aimed at increasing the level of reliability of species-
level identifications of fossil pollen of Salicornia
perennans, Halimione verrucifera, and Suaeda cf.
prostrata. Pollen grains were sampled in the National
Herbarium of Ukraine (KW, herbarium of the M.G.
Kholodny Institute of Botany, National Academy of
Sciences of Ukraine). For light microscopy (CM,
Biolar) the material was treated according to the
generally accepted acetolysis method (Erdtman,
1952). For studies of pollen under a scanning electron
microscope (CEM, JSM-6060 LA), the material was
fixed in 96% ethanol and sputter-coated with gold
using the standard methods (Tsymbalyuk, Mosyakin,
2013). Morphology of pollen grains was described
using the commonly used terminology (Kupriyanova,
Aleshina, 1972; Punt, Hoen, Blackmore, Nilsson, Le
Thomas, 2007), with minor adjustments.

Results and their analysis. Spatiotemporal
distribution patterns of Salicornia  perennans,
Halimione verrucifera, and Suaeda cf. prostrata in
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the plain part of Ukraine were revealed according
to the results of processing of the lists of species of
Chenopodiaceae in the palynofloras of the Allered—
Holocene deposits of 12 sections: Doroshiv (Lviv
Region), Ikva-I (Ternopil Region), Kukarins'ke
(Chernihiv Region), Roman'kovo (Sumy Region),
Komarivka (Kharkiv Region), Chugmak (Cherkasy
Region), Orzhytsya and Perevod (Poltava Region),
Kardashins'ke—II (Kherson Region), Kam'yana
Mohyla and Chapayivka (Zaporizhzhya Region), and
Razdol'ne (Donetsk Region).

Data on the presence/absence of pollen grains
of the model taxa in Allered—Holocene palynofloras
provide new amended information on the composition
and distribution of representatives of halophytic
vegetation of Ukraine in space and time. It should
be noted that the selected model species are now
distributed mainly on wet saline soils within the
territory of the present-day Steppe Zone of Ukraine.
Occasionally they (or some of them) occur in the
southern part of the Left bank of the Forest—Steppe
Zone. It is worth noting that S. perennans, H.
verrucifera and S. cf. prostrata can also be considered
as indicators of changes in soil conditions in the past.

The obtained paleofloristic material provides the
basis for reconstructions of the history of possible
range changes of H. verrucifera, S. perennans, and
S. cf. prostrata in the territory of the Forest, Forest—
Steppe, and Steppe zones of Ukraine in the Allered—
Holocene (Table).

The results of our analysis of the species
composition of Chenopodiaceae in fossil palynofloras
of the last climatic rhythm of the Late Glacial
indicate the participation of the three model species
(Halimione verrucifera, Salicornia  perennans,
Suaeda cf. prostrata) in the halophytic vegetation of
the studied area.

Palynofloras of deposits: SA — Subatlantic, SB —
Subboreal, AT — Atlantic, BO — Boreal, PB — Preboreal
times of the Holocene; DR—3 — Late (Younger) Dryas,
AL - Allerad; «+» — presence of pollen grains in fossil
palynofloras; «—» — absence of pollen grains in fossil
palynofloras.

It has been demonstrated that S. perennans during
the Allered participated in the formation of halophytic
vegetation in the territory of the Right Bank of the
present-day Forest Zone area of Ukraine (sections
Doroshiv and Ikva-I). During the same time interval
both S. perennans and S. cf. prostrata were found in
the Left-Bank area of the present-day Forest Zone
(Kukarins’ke section).

During the Late (Younger) Dryas, S. perennans
(sections Doroshiv and Ikva-I), H. verrucifera
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(sections Doroshiv and Ikva-I), and S. cf. prostrata
(section Ikva-I) were components of halophytic
vegetation on the Right Bank of the present-day
Forest Zone. On the Left Bank of the Forest Zone,
halophytic plant communities were formed with
participation by S. perennans (sections Kukarins’ke
and Roman’kovo), H. verrucifera (Roman’kovo
section), and S. cf. prostrata (Kukarins’ke section). It
should be noted, however, that there is no information
available about the presence of fossil pollen grains
of S. perennans, H. verrucifera and S. cf. prostrata
in the Right Bank area of the Forest—Steppe Zone
during the Allered and Late Dryas. In the Late Dryas,
S. perennans (Orzhytsya and Chugmak sections), H.
verrucifera (Orzhytsya section), and S. cf. prostrata
(Chugmak section) participated in the formation of
halophytic plant communities on the Left Bank of the
Forest—Steppe Zone.

The results of our analysis of the species
composition of Chenopodiaceae in fossil palynofloras
of the Holocene deposits on the plain part of Ukraine
indicate the presence of S. perennans, H. verrucifera,
and S. cf. prostrata in the territory of the plain part
of Ukraine, including some continental habitats.
However, there is no information yet available
about occurrence of halophilic communities with
participation of S. perennans in the territory of the
Right Bank of the Forest Zone in the Holocene, but H.
verrucifera participated in the formation of halophytic
vegetation in the Right Bank area of the present-day
Forest Zone in the Preboreal times (sections Doroshiv
and Ikva-I), while S. cf. prostrata was registered there
at the Boreal times of the Holocene (Ikva—I section).
Plant communities with S. perennans occurred on the
Left Bank of the modern Forest Zone in the Preboreal
and Subboreal times (Roman’kovo section).
However, it looks like H. verrucifera was present
among components of halophilic vegetation in that
area during the Preboreal, Boreal, and Subboreal
times of the Holocene (Roman’kovo section). That
probably indicates that this species had a much larger
range at least in the Early Holocene, as compared to
its present-day range.

It should be emphasized that there is no
information available on the occurrence of halophytic
communities with participation of S. perennans, H.
verrucifera, and S. cf. prostrata in the territory of the
Right-Bank part of the Forest—Steppe Zone in the
Holocene. The results of our analysis of palynofloras
of the Holocene deposits on the Left-Bank area of
the Forest—Steppe Zone indicate some participation
of S. perennans in plant communities on saline
soils in the Preboreal (Orzhytsya section), Boreal
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Table. Spatiotemporal patterns of distribution of the model species of halophytes in the plain part of Ukraine in the Allerod—

Holocene

Taxon

Palynofloras of deposits of the Allered—Holocene

SA SB AT BO PB DR-3 | AL
Forest Zone, Right Bank area
Salicornia perennans (= S. prostrata) - — - - — + +
Halimione verrucifera (=Atriplex verrucifera) - - + + + + _
Suaeda cf. prostrata — — _ + + + _
Forest Zone, Left Bank area
Salicornia perennans (= S. prostrata) - - - +
Halimione verrucifera (=Atriplex verrucifera) - + - + + + -
Suaeda cf. prostrata - - — — _ _ +
Forest-Steppe Zone, Right Bank area
Salicornia perennans (= S. prostrata) — - - - _ _ _
Halimione verrucifera (=Atriplex verrucifera) - - - - - _ _
Suaeda cf. prostrata - - - - _ _ _
Forest-Steppe Zone, Left Bank area
Salicornia perennans (= S. prostrata) - + - + + + -
Halimione verrucifera (=Atriplex verrucifera) - + - + + + -
Suaeda cf. prostrata - - — + — + _
Steppe Zone, Right Bank area
Salicornia perennans (= S. prostrata) - - - - — — _
Halimione verrucifera (=Atriplex verrucifera) - - - - - _ —
Suaeda cf. prostrata — - - — _ _ _
Steppe Zone, Left Bank area
Salicornia perennans (= S. prostrata) + — - - — _ _
Halimione verrucifera (=Atriplex verrucifera) - - - - - _ _
Suaeda cf. prostrata + - + - _ _ _

Palynofloras of deposits: SA — Subatlantic, SB — Subboreal, AT — Atlantic, BO — Boreal, PB — Preboreal times of the Holocene; DR-3 — Late
(Younger) Dryas, AL — Allered; "+" — presence of pollen grains in fossil palynofloras; "-" — absence of pollen grains in fossil palynofloras.

(sections Komarivka and Perevod), and Subboreal
(sections Orzhytsya, Komarivka, and Perevod) times
of the Holocene. Paleofloristic material confirms the
Holocene distribution of H. verrucifera in the studied
area in the Preboreal (Orzhytsya section) and Boreal
and Subboreal (sections Orzhytsya and Perevod)
times. Suaeda cf. prostrata was present in this area
(section Chugmak) during the Boreal time of the
Holocene.

The participation of Salicornia perennans and
Suaeda cf. prostrata in the formation of halophytic
vegetation of the Steppe Zone is confirmed only for
its Left Bank part. We confirmed the occurrence of
S. perennans during the Subatlantic times (section
Kardashins’ke—II) and that of S. cf. prostrata in the
Atlantic (sections Kam’yana Mohyla, Razdol’ne,

and Chapayivka) and Subatlantic (Razdol’ne section)
times of the Holocene.

Pollen grains of S. perennans, H. verrucifera and
S. cf. prostrata are also representatives of halophytic
Chenopodiaceae present in the subfossil spore-pollen
spectra of the Steppe Zone of Ukraine. We can thus
conclude that pollen grains of these three species
form the dominant complex in the subfossil (or
almost recent) spore-pollen spectra of the Artemisia—
grass (Artemisia + Poaceae) steppes of the present-
day Steppe Zone of Ukraine (areas with halophytic
vegetation) (Bezusko, Mosyakin, Bezusko, 2011).

The obtained and generalized results of paleo-
floristic studies allowed to trace the spatiotemporal
differentiation of distribution patterns of S. perennans,
H. verrucifera and S. cf. prostrata in the plain part
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of Ukraine during the Holocene. The reconstructed
history of distribution of each of these indicator
species of halophytic vegetation indicates the spread
of saline soils (wet salt meadows) in the plain part of
Ukraine in space and time. It is important to emphasize
that paleofloristic materials available indicate more
frequent salinity processes in the territory of the Left
Bank of'the Forest and Forest—Steppe zones of Ukraine
during the Late Dryas, as compared to the Right
Bank area. This trend is also quite clearly observed
in the Holocene. Salicornia perennans, Halimione
verrucifera and Suaeda cf. prostrata most often
participated in the formation of plant communities in
saline soils during the Early (Preboreal, Boreal) and
Midlle (Subboreal) Holocene on the Left Bank of
the Forest—Steppe zone. The history of distribution
of S. perennans, H. verrucifera and S. cf. prostrata
reconstructed here for the plain part of Ukraine during
the Holocene is in agreement with palaeopalynological
data on the presence of saline soils on the Left Bank of
the Forest—Steppe Zone reported by other researchers
(Artiushenko, 1970; Korniets, Komar, 2001; Bezusko,
Mosyakin, Bezusko, 2011).

Species-level identifications of fossil pollen
grains of Chenopodiaceae are largely based on
palynomorphological studies of representative
modern material (Tsymbalyuk, Mosyakin, Bezusko,
2005; Bezusko, Mosyakin, Tsymbalyuk, 2003,
2006; Bezusko, Bezusko, Mosyakin, Tsymbalyuk,
2007; Bezusko Mosyakin, Bezusko, 2011). In the
following part of our research, the main focus is on
the palynomorphological study of the three indicator
species of halophytes.

Halimione verrucifera (M. Bieb.) Aellen
(Figure, 1-4).

LM. Pollen grains pantoporate, spheroidal, in
outline circular, slightly undulate on edges. Diameter
of pollen grains 18.6-22.6 pm. Number of pores
40-62, pore diameter 2.0-2.7 um, pores with distinct
or indistinct margins; border thin, mainly distinct,
and rarely indistinct. Sculptural elements of the pore
membrane centrally located or occupying most of
the surface. Distance between adjacent pores 1.3-2.4
um, between the centers of pores — 3.3-5.0 um. Exine
2.4-2.7 um thick. Columellae indistinct or distinct,
long, arranged regularly. Endexine thin, regularly
thickened. Exine texture indistinct, medium-punctate.

SEM. Sculpture spinulate. Spinules small,
elongated, with acute apex, located with average
density. Pore membrane with sparse spinules.
Spinules 6-12, different in size, occasionally with
merging bases, arranged unevenly.

Specimens investigated: 1. Crimea, Kerch
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Peninsula, Cape Kazantip, sands. 18.VIII 1976. O.
Dubovik (KW). 2. Mariupol District, Berdyansk,
solonets. 26.VIII 1929. M. Kotov (KW).

Salicornia perennans Willd. (Figure, 5-8).

LM. Pollen grains pantoporate, spheroidal, rarely
oval, in outline almost circular, slightly undulate or
undulate on edges. Diameter of pollen grains 22.6—
29.3 um. Number of pores 36—62, pore diameter
2.4-4.0 um, pores with distinct or indistinct margins;
border thin, mainly distinct, and rarely indistinct.
Sculptural elements of pore membrane centrally
located or occupying most of the surface. Distance
between adjacent pores 2.0-2.7 pm, between the
centers of pores —4.4—7.3 pm. Exine 1.6-2.7 um thick.
Columellae indistinct. Endexine thin, irregularly
thickened. Exine texture indistinct, small-punctate
(barely visible).

SEM. Sculpture spinulate. Spinules minute,
rounded, with blunt apex, located sparsely and more
or less evenly. Pore membrane with sparse spinules.
Spinules 3—10, different in size, arranged unevenly.

Specimen investigated: On solonets places in
the floodplain of the Donets, near Verhne [? illegible],
Lisichansky District [now within Lysychansk town],
Voroshilovgrad [now Luhansk] Region. 10.VIII 1939.
F. Hryn’ (KW).

Suaeda prostrata Pall. (Figure, 9—12)

LM. Pollen grains pantoporate, spheroidal, in
outline almost circular, slightly undulate on edges.
Diameter of pollen grains 22.6-25.3 um. Number
of pores 54-64, pore diameter 1.3-2.0 um; border
thin, distinct. Sculptural elements of pore membrane
centrally located. Distance between adjacent pores
2.0-2.4 pum, between the centers of pores — 3.3-4.0
um. Exine 2.0-2.7 pm thick. Columellae indistinct.
Endexine thin, regularly thickened. Exine texture
distinct, small-punctate.

SEM. Sculpture spinulate. Spinules minute,
rounded, with acute apex, located rarely and evenly.
Pore membrane with sparse spinules. Spinules 5-7,
different in size, arranged unevenly.

Specimen investigated: Kherson
Genichesk District, near Sivash st.
solonchak. 31.VIII 1971. N. Loskot (KW).

For each of the three model species, descriptions
and photomicrographs of pollen grains are presented.
The additional morphological characters can be used
in the practice of paleopalynological research, which
may significantly increase the degree of reliability of
species-level identifications of fossil pollen grains.
Conclusions. For the first time, three model taxa
belonging to the ecological group of halophytes
(Salicornia perennans, Halimione verrucifera, and

Region,
[station?],
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Figure. Pollen grains of the studied species (light microscopy): /-4 — Halimione verrucifera; 5-8 — Salicornia
perennans; 9—12 — Suaeda prostrata. Scale bars: 1-12 — 10 um

Suaeda cf. prostrata) have been identified in the fossil
palynofloras of the Allered—Holocene deposits in the
plain part of Ukraine (Forest, Forest—Steppe, and
Steppe zones). Based on case studies of these species,
we reconstructed the spatiotemporal differentiation
of their d#stribution in the composition of halophytic
vegetation in the plain part of Ukraine during the
Allerad—Holocene. Paleofloristic evidence of the
presence of saline soils (mainly wet solonchaks)
in the plain part of Ukraine during the Allerod—
Holocene is provided. It has been demonstrated that
the studied paleofloristic material shows somewhat
wider distribution of soil salinity processes in the
territory of the Left Bank of the present-day Forest
and Forest—Steppe zones of Ukraine during the Late
Dryas. The obtained and summarized results of
paleofloristic studies indicate that the same trend is
also quite clearly traced in the Holocene. Salicornia
perennans, Halimione verrucifera, and Suaeda cf.
prostrata most often participated in the formation of
plant communities widespread in saline soils during
the Early (Preboreal, Boreal) and Middle (Subboreal)
Holocene on the Left Bank of the present-day
Forest—Steppe Zone. The qualitative and quantitative

diagnostic characters are promising for species
identification of fossil pollen grains of Salicornia
perennans, Halimione verrucifera, and Suaeda cf.
prostrata for spore-pollen analysis of deposits of the
Quaternary.
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Received: 06.05.2019 Abstract. In the central part of the Volyn Upland, the Pryluky palacosol unit have been
Received in revised form: 20.05.2019 studied in nine loess-soil sites (Boremel 1 - 3, Novyi Tik, Smykiv, Shybyn, Kolodezhi,
Accepted: 28.05.2019 Kovban, Novostav). Several sections were excavated along a slope in each studied site

in order to reveal the palacocatena and to study the most complete palaosol successions.
The last were found in palacorelief depressions, which were acting as sediment traps. The genetic interpretation of palacosols was
carried out on the basis on field macromorphological and analytical (micromorphology, grain-size analysis, content of humus and
CaCO,) studies. In order to reconstruct the main features of palacovegetation as an important factor of pedogenesis, pollen analysis of
the palaeosols was carried out. It proved a good correspondence between a character of palacovegetation and a palaeosol type. It has
been shown that grain-size composition of the lower Prylyky soils strongly depends on that of parent rocks (Tyasmyn unit of hillwash
sandy loam and Kaydaky unit of pedosediment).. The Chernozem-like polygenic soil is the most common within studied area. The
lower part of soil has signs of podsolization (powder of SiO,, light color, low content of clay). The upper Pryluky soils are distorted by
erosional and cryogenic processes (mainly by solifluction textures) that hampers the interpretation of diagenetic and original pedogenic
processes. The abundant bioturbations in the subsoil (the largest number among the Late Plestocene soils), high content of humus,
complex microaggregates, but leach in the CaCO, have been established to Pryluky soil unit. The presence of relic pedogenic signs in
the polygenetic soil, an assumption is made about the existence of several stages of its formation. The investigation of pedocomplexes
confirm it. The study of well-developed pedocomplexes in sedimentation traps allows the allocation of those pedogenic phases during
Pryluky times: pl,,, — Podzolic, Cryptopodzolic, Albeluvisol, Albic Luvisol; pl, , — Luvic Chernozem, Chernic Chernozem and
Cryptopodzolic,; pl,, — Umbrisol and Cambic Luvisol; pl, — Luvic Cambisol; pl,, — Luvisol and Luvic Cambisol; pl,, , — Mollic and

- 3 3b1 3b2
Luvic Cambisol.

Keywords: pedocomplex, pedogenetic phases, micromorphological features, pedosediment, palaeosol catena.

Po3BUTOK mNeIO0reHHMX MNPoOUECiB BIPOAOBK NPWIYHbKOr0 €Tamy y HeHTPaJbHil YacTuHi
BosanHcbKO0I BUCOUHHH

0O.C. boHukoBchKHi

Kuiscoxuti nayionanvnuu ynieepcumem imeni Tapaca Llleeuenka, Kuis, Yrpaina.
e-mail: geobos2013@gmail.com.

AHoTamisi. Y neHTpanbHii 9acTuHi BomMHCHKOI BUCOYMHM MEIOKOMIUIEKC MPUITYIILKOTO KJIIMATONITY (BEpXHIH IUICHCTOLICH) BHB-
4yeHo y 9 necoBo-rpyHTOBHX po3pizax (Hoswuii Tik, bopemens 1 - 3, Cmukis, 11Iu6un, Komonexi, Kos6ans, HoBoctas). IToxoBani
TPYHTHU OCTIKEHO MaKpoMOpP(OIOriuHIM 1 MIKpOMOP(}OJIOTIYHIM METOIaMH, BUKOHAHO TXHil TpaHYIOMETPUYHUHA aHami3, BU3HA-
YEeHO BMICT KapOoHaTiB 1 TyMmycy. Lle 103Bonmio iHTepnpeTyBaTH TeHETHYHI 03HAKH MAJCOTrPyHTIB Ta (pap IXHBOTO PO3BUTKY. 3 Me-
TOIO PEKOHCTPYKIIii IPHUPOTHUX YMOB (hOPMYBaHHS JAaBHIX I'PYHTIB BUKOHAHO MaJIiHOIOTIYHUM aHami3. [{e 103B0AMI0 BUSIBUTH YiTKY
KOPEJISILII0 MiXK THITIOM POCIMHHOCTI i THIIOM IpyHTY. [Toka3aHo, 110 cymilaHui rpaHyJIOMETPUYHHIN CKIIaj IPYHTIB IPHITYLLKOTO T1e-
JTIOKOMIUTEKCY Yy OLITBIIOCTI pO3pi3iB 00yMOBIEHHH CKIIQJI0M MaTePHHCHEKUX MOPIJ (JETIOBIANEHHUX CYMICKIB TACMIHCEKOTO KIIIMATOMITY
YM CyMIIaHUX IEIOCEANMEHTIB KalJalbKoro KIiMartoiiTy). BepxHs 4acTHHA NPUIYLBKOTO IEJOKOMIUICKCY TpaHc()OpMOBaHa
CHIreHeTHYHIMU €PO3iHHIMH 1 KPIOTCHHUMH IpOLIeCaMHt, 30KpeMa coidrokiero. BetaHoBeHO, 10 Ha JOCTIKYBaHil TepUTOpii
NPUITYLBKHI KITIMATOIIT HaifuacTillle MpeacTaBIeHHH MONireHeTHIHUMI YOPHO3EMOTIOAIOHUMH IPYHTaMH. Y CeIMMEeHTAlliHHNX MacT-
Kax MPOCTEXKEHO IXHIW MepexiZ| y IPYHTOBI CBITH HOTYXHICTIO moHaa 2M. JIOCHi/KEHHsI IPYHTOBUX CBIT Jajio 3MOTY BiJTBOPHUTH

TMOCIIAOBHICTb PO3BUTKY IEAOICHE3Y BIIPOAOBXK IMPUITYLBKOI'O YacCy 3a TAaKUMU (1)a3aMI/IZ pllb] — JIICOBI1 IPYHTH (Z[epHOBO-l'IlZ[?,OJ'II/ICTl,
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JICPHOBO-KPHUIITOIII30IMCTI, JAEPHOBI oOImif30ieHi, Oypo-miazomucti); pl

1y, — JICOCTENOBI IPYHTH (YOPHO3EMH OMiA30JEHi Ta

BUJTYTYBaHi, IEPHOBO-KPUMITOMIA301UCTi); pl, — JicOCTENOBi IPYHTH (A€pHOBI Omij307eHi Ta Oypi JecuBoBaHi); pl, — jicocTenosi

IpyHTH (1epHOBO-Oypi TpyHTH); pl, —

micoBi rpyHTH (Oypi JlecuBoBaHi i AepHOBO-Oypi ormig3oieHi); pl

142 — JIICOCTENOBI IPyHTH

(mepHOBO-0ypi 1 IepHOBI). 3a MpomIapKaMu JICCOMOAIOHOTO 1 ACTIOBIAILHOTO Marepialy MiXK TPYHTaMH Ta 3a HasBHICTIO KPIOTEHHHUX
CTPYKTYP BIAETHCSI BUSIBUTH JEKITbKA CTA/1ii MPUMMHEHHS a00 K 3HAYHOTO MOCTA0IECHHS ITeI0OT€HHUX MPOIIECIB.

Knouosi cnosa: tpynmosa ceima, cmadisi ma gasa nedozenesy, Mikpomopghonoziuna 6yoosa, nedoceoumenm, IpyHmosa Kamend.

Introduction. The Pryluky soil unit is one of the
most reliable stratigraphic markers within the Upper
Pleistocene in Ukraine (Veklitch, 1982; Sirenko,
Turlo, 1986), including the Volyn Upland. The
correlation of the upper boundary of the Pryluky
unit with the transition between MIS 5 and MIS 4
is firmly established in Ukraine, but different views
exist on the correlation of the lower soil of Pryluky
unit with the global marine isotopic oxygen record. It
has been correlated either with substage Se (Veklitch
et al., 1993; Gozhik et al., 2000; Lindner et al., 2002,
2006; Bogutskyi et al., 2012) or with the substage
5¢ (Rousseau et al., 2001; Gerasimenko, 2004;
Matviishina et al, 2010; Haesaerts et al., 2016). In
western Ukraine, the Pryluky unit corresponds, in the
author’s opinion, to the upper part of the Horokhiv
pedocomplex of the regional stratigraphic framework
of A. Bogutskyi (Bogutskyi, 1986). In recent years,
the upper part of the Horokhiv pedocomplex has been
considered as a separate Kolodiiv soil unit, which in
the stratigraphically complete sections is represented
by three soils (Lanczont, Bogutskyi, 2007; Bogutskyi
et al., 2012). Two Kolodiiv soils have been studied in
the Rivne and Dubno sections of the Volyn Upland
(Bogutskyi, Voloshyn, 2008; Bogutskyi, Voloshyn,
2011), though in the majority of the sections of this
area (Korshiv, Horokhiv, Novovolynsk, Boyanychi,
Peremyslovychi, Zdolbuniv, and Torchyn) one
chernozem-like soil is distinguished at this level
(Tsatskin, 1980; Morozova, 1981; Bogutskyi, 1986).
The description of palaecopedological and engineer-
geological features of the Horokhiv soils has been
presented in Bogutskyi, and Voloshyn (2008, 2010,
2011). Palaecopedological and micromorphological
studies of the Horokhiv soils in their palacocatenas
were carried out by A. Tsatskin (1980) and T.
Morozova (1982). Palynological characteristics of the
Kolodiiv soil were presented by Artyushenko et al.,
(1982) and Bezusko et al., (2011).

Materials and methods. In the central part of the Volyn
Upland, the Pryluky pedocomplex has been studied at
nine loess-soil sites (Boremel 1 — 3, Smykiv, Novyi
Tik, Shybyn, Novostav, Kolodezhi, and Kovban) (Fig.
1). In the majority of the sites, the Pryluky soil unit is
represented by a polygenic chernozem-like soil with
well-expressed mollic epipedon (0.3-0.7 m thick). The
main aim of this research was to study the palaeosol

catena, in order to reveal the lateral replacement of
polygenic soils by well-developed pedocomplexes in
the palaeorelief depressions (sediment traps). Thus, a
series of excavated profiles have been studied at each
site following the elements of modern and buried
relief.

In the palacodepressions, several soils of the
Pryluky pedocomplex (up to five at the Novostav
site) were revealed. In the field, diagnostic
macromorphological features of paleosols, including
their genetic profiles, were studied, as well as
diagenetic and relic features of pedogenesis. The
last produce ‘noise’ in the original palacopedological
information. Thus, the identification of relic,
syngenetic or diagenetic elementary soil processes
in the palacosol is a most actual problem when
interpreting their primary genetic types.

The genetic interpretation of soil types was also
based on analytical studies: micromorphological,
grain-size analysis, determination of humus content
and CaCO,. The grain-size analyses of Pryluky soils
from the Boremel-1, Boremel-2, Novyi Tik, Novostav,
and Kolodezhi sections has been carried out by the
Kachynskyi’method; contentofhumus was determined
by Turin’s method (Fig. 2; 3). Palacopedological
interpretation of results has been done following
Veklitch et al. (1979). Micromorphological analysis
of the soils from Novyi Tik has been carried out
using the methodology of Parfenova, Yarilova
(1977), Matviishyna (1982), Gerasimova et al.
(1992), Gagarina (2004), Karmazinenko (2010), and
Doroshkevych (2018). In addition, pollen study of
the Novyi Tik and Kolodezhi samples was done to
reveal the correspondence between paleovegetation
and palacosoil formation. The use of the two
methodologies is beneficial for identification of
short-period phases in the development of pedogenic
processes.

Results. On the basis of the described studies,
those phases in the development of pedogenic
processes during the Pryluky times have been
identified. During phase pl , , several genetic types of
forest soil were formed, controlled by differences in
their parent rocks. Podzols formed on sands (Fig 4;
7b); Albeluvisols (Fig. 5¢) and Cryptopodzols (Fig.
7¢) developed on loess-like sandy loams; and Albic
Luvisols (Fig. 5a) formed on the sandy material of
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Fig. 1. Location of the sections studied: 1- Boremel-1; 2 — Boremel-2; 3 — Boremel-3; 4 — Novyi Tik; 5- Shybyn;

6 — Smykiv; 7 — Novostav; 8 — Kolodezhi; 9 — Kovban.

the Kaydaky unit. Frequently, the lower Pryluky
soils overlying the Kaydaky unit form a polygenetic
pedocomplex, consisting of forest soils.

Pryluky unit podzols occur on colluvial sands
and sandy loam (at Novyi Tik and Kovban) or on
Kaydaky sandy material in relief depressions (at
Boremel). The profile of podzols (up to 0.5-0.7 m
thick) consists of AEL, E, and BCf genetic horizons
(Fig. 4; 7b). The AEL horizon, with a low content of
humus (0.11%), form, in places, the lower podzoled
part of the overlying soil pl,,. The E horizon (up to
0.1-0.25 m thick) is composed by a whitish-grey sand
or sandy loam (sand fraction up to 82% at Kovban),
with an initial platy structure and pseudofibres. In
thin sections of these soils, the material is depleted in
plasma (Fig. 6a). Skelsepic iron-humus-clay plasmic
fabrics are observed at the contacts of sand grains.
Simple iron-humus-clay cutans are revealed in the
voids. In places, iron-manganese micro-ortsteins
occur. At Kovban, the E horizon overlies the Tyasmyn
unit, composed by sands, and, thus, it is better
expressed than in other sections. The BCf horizon
overlays sands of the Tyasmyn unit or the Kaydaky
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pedocomplex. In the first case, it is represented by
light-brown sandy loam, without soil structure, but
with well-expressed pseudofibres. In thin sections,
clear evidence of translocation processes are observed
(a lot of iron and iron-clay coatings around rounded
quartz grains, which are merged together. and forming
‘bridges’ (Fig. 6b).

Cryptopodzols (up to 0.3-0.5 in thickness) were
revealed at Novyi Tik, Boremel-1, Smykiv, and
Kolodezhi (Fig. 7¢), where they are represented by
sandy loams (sand content up to 65%), with a low
incidence of humus (0.35% in the AEL horizon,
0.2% in the B horizon), and a downward increase
in the clay fraction (from 12% up to 21%). The
micromorphological fabrics of the B horizon have
both depletion zones and zones of laminated iron-
clay and humus-iron-clay cutans with the signs of
their destruction. Traces of mobility of dust-plasma
coating are observed in large pore spaces, which is
reliable evidence of intense lessivage. There are a
lot of iron-manganese pedofeatures in this horizon
(micro-ortsteins, diffusion rings, stains and manganese
coatings in the voids). Cutans and pedofeatures are
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Fig. 2. Lithopedological features of the Pryluky unit in the Novyi Tik section.

characterized by mud-cracks, indicating alternating
wet and dry periods.

An Albic Luvisol (up to 0.5-0.6 m in thickness)
was revealed at Novostav (Fig. 5a), where it is a
sandy loam (content of sand up to 52-70%), with a
significant downward increase in clay (from 4% in

the Eh horizon to 28% in the BELt horizon). The
soil profile consists of AEL, Eh, and BELt horizons.
The AEL horizon is greyish-brown, with single
pseudofibres. The BEL horizon comprises cemented
sands, with loose whitish sand lenses.

On the basis of the paleopedological data, it is
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Fig. 3. Lithopedological features of the Pryluky unit in the Novostav and Kolodezhi sections (for legend see in Fig. 2).
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Fig. 4. The Pryluky pedocomplex in the Novyi Tik section.

suggested that the early optimum of Pryluky times
(pl,,) had a humid climate, which lead to intense
development of podzolisation in the soils. Processes
of lessivage and leaching were mainly controlled by
sandy material of the soil’s parent rocks. The process
of humus accumulation was rather weak: humus
components were destroyed by aggressive organic
acids which appeared as a result of podzolisation, or
they were infiltrated as a result of lessivage. These
soil properties indicate a wet temperate climate during
the pl,,, phase. The pollen analysis of the soils of the
early climatic optimum shows a rather high content
of tree pollen (40.1%), with the predominance of the
boreal taxa Pinus sylvestris and Betula sp. However,
pollen of thermophiles (Carpinus and Quercus) is
present in small percentages. Typical indicators of
humid environments (pollen of Salix, Alnus, and
Humulus), as well as a high percentages of spores
(28.5%) have also been detected. The climate was
wet and relatively warm (subboreal), apparently this
was the climatic optimum of the Pryluky time. The
forest soils and the similar forest palynospectra in the
lower soils of the Pryluky unit have been described
in other areas of Ukraine (Sirenko, Turlo, 1986;
Bolikhovskaya, 1995; Gerasimenko, 2004, 2006;
Lanczont, Boguckyj, 2007; Matviishyna et al., 2010
and others).

The formation of Chernozem-like soils and,
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thus, the intensification of humus accumulation,
occurred during the next phase, pl,,,. The pollen data
obtained from the A and AB soil horizons an increase
in pollen percentages of xerophytes, particularly
Chenopodiaceae (up to 5%), Ephedra (up to 5-8%) and
Poaceae (up to 20%) is the evidence of aridification
the end of the pl, phase. Mesophytic (Poaceas —
Herbetum mixtum) steppes spread then.

During the pl,,, phase, the soil cover was more
homogeneous than before, as the dependence of soils
on parent material was not as pronounced as during the
early optimum. Although, such dependence was still
present. Cryptopodzols were formed on a sandy loam
substrate (at Kovban and Novyi Tik) (Fig. 4), Luvic
Chernozem and Chernozem-like soils developed
on the silt sandy-loam and silty-loam substrates, at
Novyi Tik (Fig.4), Boremel (Fig. 7a), Smykiv (Fig.
5¢), Kolodezhi (Fig. 7c) and Novostav (Fig. 5a), and
chernic Chernozems on the silty loam substrates (at
Novyi Tik and Korshiv). At Shybyn mollic Fluvisols
developed on alluvial sands. The stratigraphic break
on the overlying soil has led to the deformation of
soils by solifluction processes, even on gentle slopes
(2-3°), and the soils were disturbed by ground-wedges
during Uday times.

Cryptopodzolic soils (up to 0.5-0.6 m in
thickness) show noticeable signs of podzolisation
in the upper part of their profiles, but there is no
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Fig. 5. The Pryluky pedocomplex in the Novostav (A), Smykiv (B) and Kovban (C) sections.

independent E horizon. Podzolisation and lessivage
was mainly due to the sandy grain-size composition
of the parent material. The soil is characterized by
relatively low content of humus in the AEL horizon
(0.46%), an increasing in the clay fraction downwards
(from 17% to 27%), and the presence of a weak blocky
structure in the AB horizon. Furthermore, numerous
bioturbations are seen in the subsoil.

The micromorphological structure of the soil
is a reflection of contemporaneous processes, such
as podzolization and humus accumulation. In the
AEL horizon, there are alternations of depleted
plasma zones and layers enriched in clay. There is
a prevalence of the humus mull that aggregated into
rounded biogenic aggregates (Fig. 6¢). The residues
of organic matter also took place. Translocation
processes in the AB horizon are identified by simple
large iron-manganese fluid-like cutans (Fig. 6d),
humus-clay hipocutans and quasicutans.

Luvic Chernozem and Chernozem-like soils were
formed on silty sandy loam and silty loam substrates.
Soils (up to 0.3-0.7 m in thickness) have a low degree
of podzolisation: with weakly pronounced powdery
of Si0,, which is visible only in the upper part of
profiles. The redistribution of silt content down the
sequence is almost not observed. The content of
humus in soils increasing to 1%. There are single
secondary carbonates in the forms of pseudomorphs

.

of roots. In places, carbonates emphasize the blocky
post-cryogenic textures. In the subsoil, a large number
of bioturbations are located.

There are no such bioturbations in any of the
Late Pleistocene soils of the Volyn Upland. The A
horizon has a spongy microstructure with complex
microaggregates produced by network of channel-
like and aggregates fill the voids (Fig. 6e). The silty-
humus plasm is isotropic, but simple laminated iron-
manganese cutans and clay coats in the AB horizon
also formed. In the Ae horizon, there are zones
depleted in plasm. Iron-manganese causes mottles
and small stains, and less micro-ortsteins occur within
profile. Inside fissures in quartz and feldspar grains
iron oxides are located, which indicate processes of
chemical weathering.

Chernic Chernozems (up to 0.4-0.6 m thick)
were formed on silty loam parent materials and,
within the studied area, they are the most similar to
modern Chernozems. The soils almost lack signs
of podzolisation, having a weak granular-crumb
structure. Humus content is relatively high (up to
0.66%) with domination of humic acids over fulvic
acids (HAs / FAs = 1.1-1.8) (Tsatskin, 1980). The
soil fabric is strongly aggregated. There are dominant
simple rounded ooid-like microaggregates (Fig. 6f).
Such types of microaggregates, as well as bent fabrics,
platy microstructure and networks of fissures (mud-
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Fig 6. Micromorphological composition of the Pryluky soils in the Novyi Tik section: A — clean quartz grains (a result

of podzolisation) and iron-manganese micro-ortstein in the E horizon of the pl
microaggregates between sand grains and manganese pedofeatures in the Ae horizon of the Cryptopodzolic soil pl

11 Podzol complex organic-mineral

1b2

(PPLx70); D — iron-manganese cutans in channel-like pores in the BCh horizon of the Cryptopodzolic soil pl1b2

(PPLx40); E — complex biogenic microaggregates in the Ae horizon of the luvic Chernozem pl

(PPLx70); F — ooid-

1b2

like mineral-organic microaggregates and diagenetic iron-manganese impregnations in the A horizon of the Chernic

Chernozem pl,,

(PPLx40); G — bent fabric and platy microstructure in the A horizon of the luvic Chernozem pl

- the

1b2

result of cryogenic processes (PPLx40); H — depletion in clay material in the A1 horizon of the Luvic Cambisol as a

result of podzolisation processes (PPLx40).

cracks or cryogenic cracks) were caused by epigenetic
cryogenesis (Fig. 6g). In the soil, there is much iron-
manganese pedofeatures such as micro-ortsteins,
coats, stains and nodules. Some pedofeatures have
been disturbed by dehydration cracks.

In some sections (Boremel, Novyi Tik, and
Novostov) it is possible to detect the initial soils
of the final phase of pl  (Fig. 4; 5a; 7a), which is
separated from the soils of pl , by a loess streak,
as well as small frost fissures and mud-cracks. At
Novyi Tik and Boremel, Umbrisols (up to 0.2-0.4
m in thickness) occur, with a relatively high content
of humus (0.41%), a weak powder of SiO, and with
numerous worm infilled worm burrows and ochre
spots of ferrugination. At Boremel, there is a small
quantity are floury secondary carbonates in the upper
part of the profile. The soil has a micromorphological
structure with greyish-brown isotropic humus-clay
aggregated plasm and a vosepic plasmic fabric with
iron and manganese domains. The aggregates are
divided by an intricate network of mud-cracks and
rounded pores. Quartz grains have thin humus-clay
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coatings around them. Residues of the organic matter
also occur. The depletion of plasm material within
isolated zones is an indicator of weak processes of
podzolization.

Following palynological data obtained from pl,_
Unmrisolinthe Novyi Tik section, the mesophytic boreal
steppe can be reconstructed. In the palynospectra, the
incidence of pollen of xerophytic Ephedra (5%) and
hydrophytic Cyperaceae (32.5%) is relatively high.
Among tree species, there is a small amount of pollen
of Alnus sp. and Pinus sylvestris.

In the Novostav section (Fig. 5a), there is a
cambic Luvisol (up to 0.4 m thick), with a sandy loam
composition (content of sand fraction is 52-55%), and
a slight increase in the clay fraction down the profile
(from 3% in the Ae horizon to 11% in the B horizon).
The soil has a brown color, is leached (only secondary
carbonates present), with a large number of worm
holes and a weak powder of SiO,. There are pale
(light-brown) spots of a chimeric form of obscure
origin, which in places reach 0.3 m in thickness and
the same in width, forming separate isolated spots
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Fig. 7. Pryluky pedocomplex in the Boremel-2 (A, B) and Kolodezhi (C) sections.

or clusters (Fig. 5a). In some spots there are tiny
injections of humus that creates ‘bridges’ inside
the spots. The genesis of the spots is unclear so far.
Perhaps they were the result of chemical destruction
of pedofeatures, which were subsequently substituted
by mineral material. Single small spots in the upper
part of the Pryluky pedocomplex are also seen at
Kovban, Novyi Tik and Smykiv. Similar features are
known elsewhere in Ukraine (Gerasimenko, 2010).

The thin (up to 0.2 m thick) layer of non-soil
material (loess, loess-like and hillwash loam) and a
level with cryogenic features (solifluction, ground
wedges and frost fissures) allow one to reconstruct
a period of cold climate (pl,) within Pryluky times
(Fig.4; 5a; 5b).

The soils of pl, have mostly been (partially or
completely) denuded in the studied area (at Kovban,
Kolodezhi, and Korshiv). It is difficult to trace a clear
stratigraphic break, because soils and deposits were
deformed by solifluction processes during Uday cold
times. The presence of a denuded B horizon in the
upper part of soil pl , with increasing of clay content
up the profile, as well as a residual blocky structure,
allow one to interpret the former presence of soil pl,.
At Boremel, Novyi Tik and Novostav, pedosediments

of a Luvisol were revealed above the loess streak (Fig.
7a; 7b). In the area of the Volyn™ Upland, Luvisols pl,
has been described in the Dubno section (Bogutskyi,
Voloshyn, 2011), and correlated to the Kolodiiv-1
soil of the regional stratigraphic scheme (Lanczont,
Bogutskyj, 2007).

At Boremel-3, the Luvisol pl, (up to 0.7 m thick)
occurs, with a dark A horizon and a brown unstructured
Bmt horizon. At Novyi Tik (Fig. 4), an Upper
Pryluky subunit consists of a lower luvic Cambisol
(pl,,)) overlain by prolluvial sands. Above the last is
pedosediment of a luvic Cambisol (pl,,,) occurs. The
Luvic Cambisol (pl, ) (up to 0.3 m thick) includes
Ae and AB horizons. The soil, in microstructure,
has brownish-grey, isotropic, well-aggregated clay-
humus plasm with domains of the vosepic, mosepic
and insepic plasmic fabrics. There are depleted in the
plasm zones as a result of podsolization (Fig, 6h). In
the AB horizon, simple, large iron-manganese cutans,
as well as iron-manganese coatings and stains, appear.

Pedosediment of luvic Cambisol pl,, (up to
0.7 m thick) show signs of differentiation in the Ae,
ABg_, and BCg horizons (Fig. 4). It is characterized
by a relatively high humus content in the Ae horizon
(0.43%) as well as a high content of clay in the ABg_

237



0.S. Bonchkovskyi

Journ. Geol. Geograph. Geoecology, 28(2), 230-240.

horizon, and secondary intensive gleying. There are
a large number of secondary carbonate nodules. At
the lower boundary of the soil, a resistant streak of
ferrugination (up to 4 cm in thickness) occurs. It
can be suggested that it fixes the position of the
lower boundary of the active layer during in the
Uday cryogenesis. Furthermore, the cryogenic
metamorphism of the pedosediment was followed by
development of a weak platy structure, a blocky post-
cryogenic texture, solifluction and gelifluction.

A similar pl; pedocomplex is revealed in the
Smykiv section (Fig. 5b). Alowersoil (pl,,,) isaloamy
luvic Cambisol (up to 0.3 m thick) with abundant
manganese pedofeatures. The upper soil (pl,,) is
a loamy mollic Cambisol (up to 0.3 m thick), with
abundant secondary carbonates. It is differentiated
into A and BC horizons. Down of the slope, the soil is
strongly disturbed by solifluction.

At Novostav, a pedocomplex with three soils is
revealed (Fig. 5a). However, soils of the beginning
(pl,,) and the final (pl,,) phases have the features
of pedosediment of the mollic Cambisols. The
pedosediment of the mollic Cambisol (pl, ) has a
sandy-loam grain-size, with the sand fraction reaching
47.5%. In the subsoil, the Bca horizon has a content
of CaCO,, which reaches 7.3%. The Luvisol pl, (up
to 0.4 m thick) is a sandy clay loam, with increasing
content of clay down the sequence (from 20% in
the Ae horizon to 29% in the Bmt horizon). The
soil is unstructured, partially gleyed, with abundant
manganese pedofeatures and single secondary
carbonate nodules (the content of CaCO, is 0.27-
0.44%). In the direction of slope, the soil gradually
turns/grades into pedosediment. A weak layer of
loess-like loam (up to 0.2 m thick) lies above, under
an incipient mollic Cambisol (pl,,,). The last has
dark-grey color, a silty loam grain-size and secondary
carbonates localized as soft white spots (content of
CaCoO, is 4.03%). The top of the soil is affected by
mud-cracks and frost fissures.

From the correlation of the pl, soil / pedocomplex
in different excavations it may to inferred that it
comprises three phases of pedogenesis. The soil
of phase pl, is represented by a mollic Cambisol.
During the pl,, | phase, a Luvisol and a luvic Cambisol
were formed. At Novyi Tik, a luvic Cambisol is
characterized by relatively a large humus content
and the presence of complicated microaggregates.
Perhaps this is due to the imposition of the soil of
the early optimum (pl,, ) on the underlying incipient
soil (pl,,). During the late optimum (pl,,,) there was
climatic aridification, which caused the formation of
incipient luvic and mollic Cambisols.
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The intense cryogenesis during the Uday times
led to significant soil disturbance, the movement of
soil material through solifluction, and significant
cryogenic pedometamorphism.  For instance, at
Shybyn a mollic Gleysol pl, is intensively disturbed
by spot-medallions. Post-thixotropy textures, fairly
signs of frost-sorting of the material (with the sand
fraction located to the periphery of the polygons),
gelifluction and cryoturbation are all detected in the
soil. Obviously, the strong gleying of the soil and lack
of genetic horizons are secondary phenomena, caused
by cryogenic processes. Thus, the primary soil was
radically transformed by cryogenesis to a Gleysol,
and is now impossible to reconstruct. Only in places
is there a thick A horizon that is barely noticeable.
Conclusions:

1. The Pryluky unit is frequenty represented by
a polygenetic chernozem-like soil, but in favourable
sedimentation conditions, it is transitional to a
complicated pedocomplex (up to 2 m thick). On the
basis of the investigation of the Pryluky pedocomplex
in sedimentation traps, it is possible to identify up to
6 phases of soil formation: pl, , pl,,, pl,, plL, , pl
Pl

2. In most of the studied sections, the Prylyky
pedocomplex has a sandy loam composition, due
to the inheritance of parent lithologies. The main
erosion breaks are situated at the lower boundary of
the pedocomplex and on the top of the pl,, soil.

3. During the pl, early optimum, forest soils
were formed, with varying degrees of podzolization,
depending on the variations in parent materials. On
sands Podzols were formed, on loess-like sandy loam
Albeluvisols and Cryptopodzolics were formed, and
on the sandy loam soils of the Kaydaky unit albic
Luvisols were formed.

4. During the pl , late optimum, there was
aridification, which led to the activation of humus
accumulation under mesophytic steppe, indicated by
high humus content (up to 1%), the dominance of
dark mull humus and complex microaggregation. The
spatial difference between soils is weak, but depending
on the palaeorelief and grain-size composition of the
parent material soils, there is variety: on the sandy
loams Cryptododzol was formed; on the sandy loams
and loams luvic Chernozem and Chernozem-like soils
were formed; on the silty loams chernic Chernozem
was formed; and on the alluvial sands mollic Fluvisol
was formed.

5. During the pl  phase, Umbrisols and cambic
Luvisols were formed. The former have relatively a
high content of humus and complex microaggregation.
The latter are characterized by increasing clay content

3bl1?
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downwards in the profile. The origin of light-brown
spots is not still clear of obscure origin.

6. Soils of the pl, subunit are often denuded,
and strongly disturbed by solifluction and cryogenic
pedometamorphism. In relief depressions, subunit pl,
is represented by pedosediment of Luvisols. During
pl, times a trend in the evolution of pedogenesis can
be seen; pl,, — mollic Cambisol; pl,,, — Luvisol and

luvic Cambisol; pl,,, — luvic and mollic Cambisols.
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On palacomagnetic dating of fluvial deposits in the section of Neporotove gravel quarry on the
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Received: 12.04.2019 Abstract. The paper presents the results of palacomagnetic studies of Quaternary non-
Received in revised form: 03.05.2019 cemented deposits from the section of Neporotove on the VIIIth terrace of the Dniester
Accepted: 12.05.2019 River valley with abnormal thickness (more than 20 m) of the channel alluvium near the

village of Neporotove, located on the right bank of the Dniester River. Alluvial facies of
river terraces’ deposits are valuable palacogeographic archives but not quite complete. They are affected by denudation and often do
not contain fossils. The possible way for their dating is provided by a palacomagnetic method performed on suitable for sampling
underlying and overlying beds. The alluvial sequence consists of four units. Unit I is composed of inclined gravel-pebble layers with
the sand filler with a visible thickness of about 8 m. Unit II has bedded over the denudated surface of Unit I; it consists of light-yellow
laminated aleurit loam, 5-30 cm thick underlaid by 0.5-1.5 bed of fine sand. We consider Unit II to be lacustrine deposits accumulated
in quiet water. Unit III is represented with inclined or sub-horizontally layered gravel-pebble-boulder deposits with up to 10 m of
visible thickness. It includes boulders and blocks of sedimentary rocks up to 1.0 in diameter, considered as drop-stones. In the roof
of the gravel-pebble Unit III, there is the white carbonate layer, probably, the illuvial horizon of the palaeosol (mr,), which transited
up into the brownish-red horizon A (Unit IV). Unit IV — dark-red sandy-gravel horizon, pedosediment, probably partly the reworked
material washed into ice wages in the roof of Unit III. As a result of alternating field stepwise demagnetisation of natural remanence
of sediments, we determined that loamy Unit 11, which separates members of gravel stratum, and sandy Unit IV, which overlays packs
of gravel alluvium, bear characteristic remanent magnetisation (RM) with normal geomagnetic polarity. Taking into consideration
lithology and two-fold structure of terrace gravel alluvium as well as palacomagnetic results, we assume the lacustrine deposits of Unit
II was formed during Jaramillo palacomagnetic subchron corresponding to the end of Shyrokyne Stage, and a pedosediment of Unit
IV was formed during Martonosha Stage. The upper alluvial suite of a terrace (Unit 1) was generally deposited during a cold stage,
directly prior to the onset of lacustrine loam sedimentation, while the lower alluvial member (Unit I) dates from the preceding warm
stage. Thus, we defined the geological age of the whole channel alluvium strata of the VIIIth Dniester terrace as Shyrokyne-Pryazovya
Stage.

Keywords: Dniester River, Neporotove gravel quarry, river terrace, palaeomagnetic dating, channel alluvium, remanent magnetisation

IIpo naseomarniTHe faTtyBaHHs (uiOBiaIbLHUX BiAKJIaAIB y po3pi3i rpasiiinoro kap'epy Hemno-
poroBe Ha Cepeanbomy JlHicTpi
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AHoTamisi. Y po0oTi mpeacTaBiIeHi pe3ylbTaTd MaJICOMATrHITHUX JOCHIIKEHb YeTBEPTHHHHUX MyXKHX BiAKiIamiB 3 pospisy VIII-i
Ha/3aIUTaBHOI Tepacu nonuHu J{HicTpa 3 HaamoryxHuMU (moHan 20 M) mapaMu pycloBOrO ajroBiro Oins cena Hemoportose, mo
Ha mpaBomy Oepesi [uicTpa. AmoBianeHi Qamii BigkIamiB piukOBUX Tepac € LIHHUMH IMajeoreorpadiyHuMu apXiBaMHu, ajie 4acTo
He MOBHUMH. 3Ha4yHa YacTHHA BiIKJIA/IB 3HUKAE BHACIIIOK ACHYyIALl, (IrOBiaNbHI [IapH MEpeBaKHO € MaJCOHTOIONIYHO HIMUMHU.
IxHe naryBaHHA MOXIIMBE 32 JOMOMOTOK MATEOMATHITHOIO METOMY, KOJH BiH 3aCTOCOBYEThCS HAa MPUIATHUX IS BiaGOpy 3pasKis
TICTENSIOUNX Ta MePeKPUBAIOYMX BiKiIanax. Po3pis amoBiansHux BigkianiB y HemoporoBoMy ckiiagaeTsest 3 40TUPHOX BepcTB. Bep-
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cTBa | siBIIsIE COOOFO KOCOIIApyBaTy TPaBiifHO-TaJICYHUKOBY TOBIIY 3 MiLIAHKMMH IIPOLIAPKAMH Ta BUIUMOIO MOTYXKHICTIO OJIU3BKO 8 M.
Bepctsa Il 3amsrae Ha neHyI0BaHIi MOBEpXHI BEPCTBHU I, BOHA CKJIaIa€ThCs 3 CBITJIO-)KOBTOTO TOPH30HTANIBHO [IAPYBATOrO CYTIINHKY
TOBIIMHOIO 5-30 cMm, sikuit mixcremoerses 0,5-1,5 M mapom apidHOTO mapysaroro mcky. Bepersa 11 ckiranena ozepaumu BigKIaamy,
HAKOTIMYCHUMH B CIIOKiIfHUX BOmHUX yMoBax. Bepcrsa Il mpencrasinena moxmmmme abo CyOTOpH30HTAIBHO-IIAPYBATHMHU TPaBiifHO-
rajJeqyHO-BaJyHHUMH BiIKJIaJaMHy 3 BUAUMOIO TOBIIMHOIO 0 10 M. Bona mMicTuTh BasryHu 1 Opuim ocaoBux mopia aiamerpom ao 1.0
M, SIKi MH BBa)Ka€EMO JPOI-CTOYHaMH. Y MOKpiBii rasieqynnka BepctBH 111 3HaxomuThest Oinnit kapOOHATHHIM MPOIIAPOK — HMOBIPHO,
1TOBiaTbHAN TOPU30HT MAapTOHOCHKOTO BUKOITHOTO TPYHTY (mr,), SKMii IOTOpH MEPEXOMTh y OypyBaTo-uepBOHHil ropu3oHT A (Bep-
crBa IV). BepctBa IV —TeMHO-4epBOHMI MilaHO-TPaBiifHUI ropu30HT, egoceanMenT. CKIIagaeThes 3 MepepoOiIeHoro Marepiainy,
BMHTOTI'O 710 MOp0300iifHUX TpiuH B mokpiBii BepcTsH III. V pesynbraTi MarHiTHOT 9UCTKH 3pa3KiB IyXKUX BIAKIANiB 3MIHHUM I0-
JIeM BCTAaHOBJICHO, IO 1 CyITMHKCTA BepcTBa I, sika po3miise mavyku rpaBiitHOT TOBII, 1 mimana BepcTBa 1V, ska mepexpuBaroTh mad-
KM TPaBifHOTO aJIIOBiI0, MAIOTh MPAMY XapaKTEPUCTHYHY HAMarHi4eHiCTh. BpaxoByioun moaBiliHy OyZOBY pyCIIOBOTO aJIOBiIO, a Ta-
KOXX MaJICOMarHiTHi pe3ysbTaTd, OyJI0 BUCYHYTO MPHITYIIEHHS PO MPHHAISKHICTD mapy Il o3epHuX BiAKIagiB 10 CyOXpOHY mpsMol
MOJSIPHOCTI XapaMminbo, KU cTpaTurpadivHo BiIIOBia€ BEPXHBOMY HIMPOKMHCBHKOMY ITijieTaly, a negoceauMenty IV no mapro-
HOCBKOTO IaJIeOKJIIMAaTHYHOTO eTaity. BepxHiii Tepacosuii anrosiii (Bepcrsa 1) HakonmmauBest iz 9ac X0I0AHOT cTail, 6e3rnocepeHpo
Tiepe]] MOYaTKOM OCiJTaHHS 03€PHOTO CYIIMHKY, TOJi SIK HIDKHIM amroBiit (BepctBa I) maTyeTtncst monepenHim Terumm erarnoM. OTxe,
TeOJIOTYHMH BiK BCi€i TOBILI pycioBoro amosiro VIII-i Tepacu BU3HAYCHO K MHUPOKHHCHKO-TIPHA30BCHKHA.

Kniouosi cnosa: piuxa /[nicmep, epasiiinuii kap'ep Henopomoge, piukosa mepaca, naneomazuimue 0amy6ants, pycioguil antoeitl, 3a-

JUUKOBE HAMACHIYEHHSL.

Introduction. Alluvial facies of river terraces’
deposits are valuable palaeogeographic archives
containing records about the history of the formation
of these rivers’ valleys and climate change during
corresponding periods. The lithofacial composition,
stratigraphy, structure of the alluvium reflects the
interaction of many processes, such as short-term
migrations of individual channels to long-term
vertical tectonic movements (Matoshko et al., 2004;
Mial, 2006). Meanwhile, like most other types of
continental deposits, the alluvial archives are not
quite complete, as they are affected by denudation.
In particular, they often do not contain fossils, being
palaeontologically mute. The palacomagnetic method
performed on suitable for sampling underlying and
overlying beds provides a possible way for their
dating.

We examined a terrace section near the village of
Neporotove, where previously the abnormal thickness
ofthe channel alluvium exceeding 20 m was described
(Ridush, Popiuk, 2015). As described in the literature,
the channel alluvium strata in the terrace sediments of
the middle part of the Dniester valley usually does
not exceed several meters, and only occasionally,
together with the floodplain facies, reach up to 15-16
m (Veklych, 1982). Just in the lower reaches of the
Dniester the so-called “Tiraspol gravel” is known —
the river channel alluvium facia of Kolkotovo terrace,
which is up to 15 m thick (Nikiforova et al., 1971).
So, we faced the question of elucidating the age and
the genesis of these strata, and their position within
existing schemes of floodplain terraces.

This study reports the examination of
characteristic magnetic remanence values in two
layers of fine non-cemented sediments separating
and overlaying coarse channel alluvium strata to
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estimate their magnetostratigraphic position relative
to Brunhes-Matuyama geomagnetic polarity reversal.
It leads to the dating of the VIIIth Dniester terrace.
Materials and methods. Many researchers studied
the terraces of the middle reaches of the Dniester
valley. The history of these studies is described
in detail by O. Tomeniuk (2010). Her publication
contains a comparison of the numbers and heights of
terraces by different authors. So, within the middle
part of the Dniester River valley Yu. Polyansky
(1929) and S. Rudnytsky determined six terraces, R.
Vyrzhykivskyi (1933) and I. Hofstein (Hofstein, 1979)
— seven terraces, 1. Ivanova (1969) — eight terraces, A.
Yatsyshyn and A. Bogutsky (2008) - seven terraces,
P. Gozhik and L. Lindner (2007) — thirteen terraces,
M. Veklych (1982) — sixteen terraces. In this paper,
we use the scheme of terraces by M. Veklych (1982),
which, moreover, is used in State Geological Surveys
in Ukraine.

Neporotove section. Previously the section
was described by B. Ridush and Y. Popiuk (2015).
The gravel outcrop uncovered by a quarry located
on the northern outskirts of the Neporotove village
(Sokyryany district, Chernivtsi region, Ukraine)
(Fig.1).Coordinates ofthe outcropare N 48°36'32.47",
E 27°17'11.22".  Bedrocks represented  with:
Proterozoic shales with the inclusions of phosphorite
nodules; Cretaceous deposits of varying lithological
composition, among which is gaize with inclusions
of flint nodules; Sarmatian detrital and tortoiseshell
limestones.

Although the Quaternary gravel-pebble stratum
is generally fairly homogeneous, it is nevertheless
divided into two horizons by light-yellow, fine-
grained laminated aleuritic loam (Unit II, Fig. 2, II),

The alluvial sequence consists of four units.
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Fig. 1. Location of the Neporotove section of terrace deposits.

Unit I beds on the denudated surface of Ediacaran
shale. It is composed of an inclined (the angle of
approximately 30°) gravel-pebble layers with a sand
filler (up to 20-30% of the volume), with a visible
thickness of about 8 m. Gravel and pebble stones are
generally well-rounded and sub-rounded. The layers
usually are 10-20 cm thick, with larger and smaller
sand content, between which there are no clear
boundaries, alternate down the section.

Unit II has bedded over the denudated surface
of Unit I. It consists of light-yellow laminated
aleurit loam, 5-30 cm thick, which is here and there
underlaid by lenses (up to 0.5-1.5 m thick) of fine-
grained yellow and grey sand with gravel and pebble
inclusions. We assume the lacustrine genesis of this
stratum. It is evident that the loamy layer is quite
dense and water-resistant, since directly over it in the
covering gravel Unit III some suffosion channels with
a diameter of 0.4-0.7 m have been traced.

Unit III — inclined (angle about 20°) or sub-
horizontally layered gravel-pebble-boulder deposits,
with or without sand filler (up to 10%), with up to 10
m of visible thickness. It lays with disconformity on
the surface of Unit II, and, where Unit II is absent, on
the surface of Unit I. There are overlapping layers of

different granulometric composition: coarse pebbles,
fine pebbles, gravel. Numerous inclusions (up to 10%)
of weakly rolled and non-rolled boulders of Sarmatian
and Cretaceous limestones and sandstones, sometimes
Devonian sandstones or quartz, with a diameter of 0.8-
1.0 m or more. There are pellets of Proterozoic dark
grey, dark green, light green argillites in size from
large pebbles to small boulders up to 0.5 m in diameter
included in the strata. Among the pebble material, the
weakly-rolled flint pebbles with traces of cryogenic
weathering predominate (no less than 50%). Lithology
of gravel and pebble material is also represented by
Devonian red sandstones, Sarmatian limestones, light
Cretaceous limestones and sandstones. Presence of
argillite pellets indicates that the flood (or floods) was
extreme and the water jet tore out the fragments of
argillite rocks, rather than picking up the products of
weathering of argillite, which would take place under
a usual flood. The large boulders we consider as drop-
stones, transported by river-ice. In the roof of Unit
III, the ice wedges up to 1 m deep are often. In the
roof of the gravel-pebble Unit III, there is the white
carbonate layer, probably, the illuvial horizon of the
palaeosol (mr,), which transited up into the brownish-
red horizon A (Unit ['V).
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Fig. 2. Gravel-pebble alluvium at the Neporotove outcrop. I — Unit I, the lower gravel-pebble bed of low-angle cross-
bedding; I — Unit II, the loam layer, light yellow, laminated; III — Unit III, the upper gravel-pebble bed of low-angle
cross-bedding, with domination of macro-fragmental material and drop-stones at the roof of the bed; IV — dark-red
sandy-gravel, V — Unit V subaerial loess deposits of unknown age (Ridush, Popiuk, 2015). The scale stick on the photo

is 2 m long.

Unit IV - dark-red sandy-gravel horizon,
probably partly the reworked material of Unit III,
coloured by the illuvium of red palaecosol, here and
there washed into ice wages in the roof of Unit III.
Thickness is around 0.4-0.6 m.

From 1.0 to 4.0 m of loess and loess loams of
undefined age are deposited above (Unit V).

Sampling and measurements. Since the gravel-
pebble deposits of Units 1 and 3 are not suitable for
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paleomagnetic examination, we focused on sampling
Units 2 and 4 in order to achieve the objectives of
the study. From the horizontally-layered loamy Unit
II, we cut two samples from two stratigraphic levels,
from which in the laboratory we drilled six 2.5 cm
specimens for palacomagnetic measurements using
the standard procedure (Butler, 1992).

From the reddish sandy Unit IV at the top of
the upper gravel-pebble layer we manually cut nine
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Fig. 3. Examples of AF-demagnetization of specimens from Unit II: (A) characteristic Zijderveld plot and NRM decay

curves during AF demagnetization (B).

2.5cm cylinder specimens. A magnetic compass was
used to provide an unequivocal in situ geographic
orientation of each manually cut sample.

The measurements were performed in the Ivar
Gizver Geomagnetic Laboratory at the University of
Oslo (Oslo, Norway) and the magnetic laboratory of
ESI «Institute of Geology» of the Taras Shevchenko
National University of Kyiv (Kyiv, Ukraine).

The magnetic susceptibility (k) of all samples
was measured on Geofyzika KLY-2 Kappabridge.

The remanent magnetisation of specimens was
measured using a three-axis WSGI Model 755 SRM
(WSGI, USA) cryogenic rock magnetometer. The
stable characteristic remanent magnetisation (ChRM)
of samples was isolated by stepwise alternating field
demagnetisation in a 2G demagnetizer (with steps of
2.5-10 mT until 70 mT for specimens from Unit I and
100 mT for specimens from Unit [V).

The Keonigsberger ratio (Q=NRM/Ji, Ji —
induced magnetization) characterising relative
magnetic hardness of the material (Evans and Heller,
2003) was calculated.

Results. Since the fluvial sediments represent the
re-deposited in shallow water loamy and sandy
material, their characteristic remanent magnetisation
is rather depositional (DRM) with possible post-
depositional (PDRM) contribution. DRM is formed
due to the orientation of magnetic particles along
the magnetic field during settling in the water and
staying in the upper bottom layer until the sediment
is compacted. In this case, the vectorial components
of the magnetisation - inclination (I) and declination
(D) may be biased due to the direction of the
waterflow and because of the settling of the elongated
magnetic grains when falling on the horizontal
bottom. The latter leads to a shallowed I compared

with the geomagnetic field inclination of the time
and place of sediment’s formation (Tauxe, 2018).
The magnetisation of sediments could be formed
after the formation of a layer (PDRM). Under certain
conditions "rejuvenation" of magnetisation relative to
the age of the formation of the loose stratum itself
is evidenced by the absence of inclination shallowing
(Kodama, 2012).

NRM ofloam from Unit Il makes 6.2...6.5%10 A/m,
k makes 245...280*10° ST un. These values are typical
for loess deposits from loess-palacosol sequences of
Ukraine. The NRM is relatively “hard”; the median
destructivefield(MDF)is45-55mT, the Keonigsberger
ratio Q is 0.45 ... 0.50. The demagnetization path on
the Zijederveld plots exibit almost straight line and is
directed toward the origin. The magnetic declination
D of the characteristic component (isolated under the
AF-demagnetizing procedure in the range of 10-63
mT) is -12...3°; the inclination is shallowed relatively
to the inclination of the recent geomagnetic field and
makes 38...51°. Examples of Zijderveld plots and
NRM demagnetisation curves are shown in Fig. 3.

Thus, we can conclude that the entire stratum
bear ChRM with normal geomagnetic polarity, ChRM
is probably depositional.

NRM and k of samples from Unit IV demonstrate
low values. NRM makes 1,2...4,3*%10 A/m, k makes
142...242*10¢ SI un. MDF makes 11-14 mT, the Q
is 0.16...0.59 indicating presence of low-coercive
magnetic mineral. As recognized from NRM decay
curves, the remanence of samples probably consists
of two components, relatively soft one is presumably
viscous, it makes up to 65% of remanence. The
demagnetization path on the Zijedrvild plots exibit
almost straight line and is directed toward the origin,
as both components of the NRM are directed equally.
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Fig. 4. Examples of AF-demagnetization of specimens from Unit IV: characteristic Zijderveld plots (A, B) and NRM

decay curves during AF demagnetization (C).

The magnetic declination of the harder characteristic
component (isolated under AF-demagnetizing
procedure in the range of 20-100 mT) is -2...6°, the
inclination corresponds to the inclination of the recent
geomagnetic field and makes 65...71°. Examples of
Zijderveld plots and NRM demagnetisation curves are
shown in Fig. 4. We can conclude that the sediment
acquired the magnetisation in the period of normal
geomagnetic polarity, characteristic RM is probably
post-depositional.

Discussion. When considering the possible age
of the alluvium, it is crucial to determine which
lithological horizon may bear the Matuyama-Bruhnes
boundary (MBB) - the main Quaternary benchmark.
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It is important to consider modern ideas about the
position of MBB, as this will significantly contribute
to the correct interpretation of the palaeomagnetic
results on the background of climate-stratigraphic
evidence from the fluvial facies.

According to the magnetostratigraphic scale of
Pleistocene of Ukraine (Tretyak and Vigilyanskaya,
1994), composed on the base of the regional
stratigraphic scheme of the loess-palaeosol sequence
of the Central Ukraine (Veklych, 1984) the MBB lays
in the bottom of Shyrokyne unit. Early palaeomagnetic
studies in the area of Lower Dniester put MBB into
the loess mantle above the alluvium of the VIIIth
terrace (Pevzner and Chepalyga, 1970; Pospelova
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Fig. 5. Lithology (A): I — inclined gravel-pebble layers with a sand filler, thickness of about 8 m, II — light-yellow
laminated aleurit loam, 5-30 cm thick, III — gravel-pebble-boulder deposits, up to 10 m of visible thickness, IV — dark-
red sandy-gravel horizon, thickness around 0.4-0.6; stratigraphy with oxygen isotope stages (MIS) after (Gerasimenko,
2010) (B); magnetic polarity after (Cande, 1995) (C); and climate (D) of Dniester channel alluvium in Neporotove

section.

and Gnibidenko, 1972; Trubikhin and Chepalyga,
1986). In the summarising publication (Lindner et al.,
2006), which include data on the Upper, Middle, and
Lower Dniester reaches, the MBB was lifted to the
boundary of the Pryazovya and Martonosha units of
Stratigraphic scheme of the Pleistocene of Ukraine
(Veklych, 1984).

According to recent studies performed on precise
magnetic equipment, the MBB was not distinguished
in the section of Prymors’ke (Nawrocki et al., 1999),
which is underlain with the soils of the Martonosha
unit. The MBB was defined in the upper part of the
Martonosha unit in the Dolynske section (Bakhmutov
et al.,, 2005), in the lower part of the Shyrokyne
palaeosol in the section of Viazivok (Glavatsky et al.,
2016, Bakhmutov, Glavatsky, 2016). However, in the
Viazivok section, the Martonosha unit was missed
during sampling, and the authors themselves suspect
that the palaecomagnetic record could be aged due to

lock-in depth effect. In the section of Roksolany, the
MBB was defined at the junction of buried soils of
the Lubny and Martonosha units (Bakhmutov, and
Glavatsky, 2014; Bakhmutov et al., 2017), relying on
the temperature demagnetisation of RM. But authors
also provide the data of AF-demagnetization of RM,
according to which the MBB should be determined
lower, in the Pryazovya unit. The AF-demagnetization
method seems to be preferable for soils and loess
since during the high-temperature heating experiment
the formation of new minerals occur (Evans, 2003).

Thus, the most reasonable for today is the position
of the MBB on the contact between the Pryazovya
loess and the Martonosha palaeosol, as presented in
the paper (Lindner et al., 20006).

Veklych and Dubniak (1975) considered that
on the most of river terraces alluvium has a two-
fold structure. The uppermost alluvial layer passes
upwards into loess with a subaerial palaeosol
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developed in its upper part and further burial by a
sequence of younger loesses and soils. The upper
alluvial suite of a terrace was generally formed during
a cold stage, directly prior to the onset of acolian loess
sedimentation, while the lower alluvial member dates
from the preceding warm stage. Thus, the alluvium of
a terrace corresponds to a certain loess-soil couplet
on interfluve areas, i.e. to a particular climatic
cycle. Matoshko with co-authors (Matoshko et al.,
2004) consider this approach problematic because
the evidence from the fluvial facies themselves is
neglected in favour of simplistic climate-stratigraphy.
Nevertheless, we still use this approach.

The palaecomagnetic record of sediments may
provide chronostratigraphic information as sediments
may acquire magnetic remanence upon deposition
and shortly after deposition.

According to this, the normal polarity sandy
Unit IV should be attributed to the Martonosha unit
(mr). Without contradicting the geological data, it can
be assumed that the normal polarity of Unit II may
indicate its formation during the Jaramillo subchron
inside the Matuyama Chron of reversed polarity, i.e.
in the range 0f 0.99-1.07 million yrs. (Cande and Kent,
1995), which corresponds to the end of the Shyrokyne
stage (sh3) (Lindner et al., 2006).

Such an interpretation makes it possible to limit

the upper dating of the lower alluvium Unit I to 1.07
million years. So, the Unit [ itself can be attributed to
the Shyrokyne 1-2 subunits (MIS 24). Going further
in our assumptions, let us point out that the erosion
of loamy sediments of Unit II and the accumulation
of the upper gravel pack of Unit Il occurred in
Pryazovya Stage (Fig.5).
Conclusion. The layers of non-cemented deposits
that separate and overlay alluvium packs were formed
during periods of normal geomagnetic polarity. We
assume the Unit II of lacustrine deposits we attributed
to Shyrokyne-3 unit, the normal polarity zone
found here is correlated to the Jaramillo subchron.
Unit IV belongs to the Martonosha unit; however,
this pedosediment was formed during one of cold
Martonosha substages by inwashing the material to
frost-cracks in gravel Unit I11.

We defined the geological age of the channel

alluvium of the VIIIth terrace of the Dniester River as
Shyrokyne-Pryazovya.
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Received: 18.02.2019 Abstract. This article presents a detailed analysis of the taxonomic composition of the
Received in revised form: 05.03.2019 Pliocene (Kimmerian, Kujalnikian) and Eopleistocene (Gurian) ostracods in the northern
Accepted: 29.04.2019 part of the Black Sea. It presents the patterns of the stratigraphic position of the fossil

ostracods in the Miocene - Quaternary and their geographic distribution in Western and
Eastern Europe (the Pannonian Basin, the Dacian Basin, the Euxinian basin of the Paratethys) and the Mediterranean region. We
determined the characteristic species for the Kimmerian, Kujalnikian and Gurian in the northern part of the Black Sea. We established
a change in the taxonomic composition of ostracods at the Pliocene (Kujalnikian)/Eopleistocene (Gurian) boundary, namely the
disappearance of a large number of Pliocene species and the appearance of new species. Ten species disappeared in the Kujalnikian:
Cyprideis pontica, Euxinocythere (M.) crebra, Amnicythere mironovi, Camptocypria lobata, Loxoconcha subcrassula, Loxoconcha
verticalitercostata, Xestoleberis (X.) cellulocus, Xestoleberis (P.) communis, Candona (C.) expressa, [lyocypris caspiensis; one species
Amnicythere postbissinuata appeared in the Gurian. The brackish water species Cyprideis pontica is the Kujalnikian index species.
The stratigraphic position of Cyprideis pontica in the Mediterranean Basin, Pannonian Basin, Dacian Basin, Euxinian Basin (Black
Sea) in the Miocene-Quaternary is analyzed. The time of the disappearance of Cyprideis pontica in the Mediterranean, Pannonian
and Dacian basins (Messinian, Pontian/Zanclean, Dacian, Kimmerian boundary) and in the Black Sea (Kujalnikian/Gurian boundary)
is established. The diagnostic morphological features of the shell Cyprideis pontica (morphology of the surface pore canals) are
established and described, which allows us to place this species in the Neogene deposits. Surface pore canals are different shape, sieve-
typed, deepened in relation to the surface of the valve. Sieve-shaped lamella contains 110-270 internal pores. The internal pores have a
staggered shape, the diameter of the osculum of the internal pore is 302-994 nm; diameter of the central pore is 977 nm-1.8 um). The
evolution of Cyprideis pontica, which was separated from the parent species Cyprideis torosa in the Late Miocene, was reconstructed.
In the occupation of a new ecological niche with a reduced oxygen content in deeper water biotopes, in the process of adapting to
the conditions of hypoxia and necessity of increasing the volume of water filtration, there was a restructuring of the morphology of
the surface pore canals of the shell Cyprideis torosa. This involved an increase in the size of the sieve-shaped lamella, the number of
internal pores in the sieve-shaped lamella and the size of the osculum of the inner pore. A new morphotype Cyprideis pontica was thus
formed within the existing Parathetys-Mediterranean basins. It had a mosaic, ecologically isolated range that coincided geographically
or overlapped with the range of the species Cyprideis torosa (sympatric evolutionary speciation). The range of Cyprideis pontica and
the dynamics of its populations in the Euxinian Basin during the Sarmatian-Kujalnikian have been reconstructed.

Keywords: stratigraphic boundary, Pliocene, Quaternary, Ostracoda

Crparurpadis nirioneHoBux Biakiaaais Yopunoro mops (Ykpaina) 3a ocrpakonamu (Arthropoda,
Crustacea)

H.I. Inxann
Tuemumym zeonoeiunux nayxk HAH Yxpainu, m. Kuis, Ykpaina, e-mail: natalidykan@mail.ru

AHoTamis. JlaHo neTanbHUN aHANi3 TAKCOHOMIYHOTO CKJIaTy IUTIONEHOBUX (KIMMEPIHCHKHX, KYSUIBHHUIBKHX) 1 €OIIeHCTOICHOBUX
(TypiiicbKHX) OCTpakoi y MiBHIYHIA 9acTHHI YopHOTO MOps. BeTaHOBIIEHO 3aKOHOMIPHOCTI CTpaTUrpad)ivHOTO TIONOKESHHS BHKOII-
HHUX OCTPAaKoJl y MioOlLleHI-KBapTepi Ta reorpadiyHOro momupeHHs B Mexkax 3axignoi i Cxignoi €Bpomn ([lanoncekuit, Jlakiiichkuid,
€BkcuHcbkuil Oaceiinu [laparetucy) i CepenzeMHOMOpPCHKOi 061acTi. BusHaueHo xapakrepHi BUIY Ui KIMMEPIHCHKOTO, KysSIbHHUIIb-

250



Dykan N.I. Journ. Geol. Geograph. Geoecology, 28(2), 250-261.

KOTO 1 rypiiicbkoro periosipyciB /uist miBHi9HOI yacTUHH YopHOro Mopsi. BcTaHOBIEHO 3MiHY TAKCOHOMIYHOTO CKJIAJy OCTpPAaKoi Ha
IpaHUL IUTIOLEeHY (KYSUIBHUIBKOTO periosipycy)-eoruieiicToneHy (rypiicbKoro periospycy), a caMe 3HUKHEHHS y KysUIbHHLbKHI 4ac
3HAYHOI YaCTKY IUTIOIIEHOBYX BUJIIB, TIOSBI y TYpiiCBKHI Yac HOBUX BUAIB. Bumom-iHIeKcoM KysulbHEKY Y YOpHOMY MOpI € COJIOHYBa-
toBonuux Bua Cyprideis pontica. [IpoananizoBano crparurpadiuae nmonoxerns Cyprideis pontica y CepeazemroMopckoMy, [TaHOHCEH-
xomy, Jlakiiicekomy, EBkciHcbkoMy (HopHOMOpCHKOMY) OaceliHax y MiolleHi-KkBapTepi. BcranoBneHo yac 3unkHeHHs Cyprideis pontica
y Cepenzemuomopcbkomy, [Tanoncskomy i JlakificekoMy OaceiiHax (rpaHuIls MECCiHY, TOHTY —3aHKIIiIO, AaKilo, KiMepio), y HopHOMY
Mopi (TpaHuls KysUuIbHUKa—TypHsi). BCTaHOBIIGHO Ta ONMHMCAHO JiarHOCTHYHY Mopdoioridny o3Haky uepenariku Cyprideis pontica
(Mopdororito MOBepXHEBUX MOPOBUX KaHANTIB), KA JO3BOJISIE YITKO iIeHTU]IKyBaTH IIel BUJ y HEOTeHOBHX Binkimanax. [ToBepxHesi
MTOPOBi KaHAH Pi3HOT OPMU, CUTOBH/IHI, 3aTNIHOJICHI 110 BiTHOIICHHIO JI0 TIOBEpXHi cTynkH. CUTOBHIHA TUIACTUHKA MicTHTh 110-270
BHYTPIMIHIX NOp. BHYTpimIHI mopu MaroTh cToBOYAcTy (GopMy, JiaMeTp BYCTs BHYTpimmHB01 iopu 302-994 nm; miameTp LeHTparbHOT
mopu 977 nm-1,8 pm). PexoncrpyiioBano esomomniro Cyprideis pontica, sxa Bimilinnia Big marepuHcbkoro Buay Cyprideis torosa y
mi3HpOMY MiolieHi. [Ipy 3aHATTI HOBOT €KOJIOTTYHOT HIlllH i3 3HIIKEHHM BMICTOM KHCHIO Y OLTbII NTHOOKOBOIHUX 0i0TOMAX, B MPOLEC]
ajanTanii BHJy JI0 yMOB TiIOKCii Ta MOB’3aHOI0 3 MM HEOOXiHiCTIO y 301bIIeHH] 06’ emiB ¢inbrparii Boau BinOynack nepedynosa
MopdoJorii MoBepXHEBHX MOPOBHX KaHaliB uepenamky Cyprideis torosa (30UIBIIEHHS PO3Mipy CHTOBHIHOI INIACTUHKH, KIJIBKOCTI
BHYTPIIIHIX TI0p Yy IUIACTHHII Ta pO3Mipy BYCTs BHYTPIiIIHbOI mopu).B Mexkax icHyrounx GaceitniB [Taparerunc-Cepen3zeMHOMOPCHKOT
obmacti copmysaBcs HoBuil MopdoTun Cyprideis pontica i3 MO3ai9HHM. E€KOJOTIYHO i30JIbOBAaHHMN apeajioM, 1o TeorpadigHo
criBHajgaB 4M nepekpuBascs 3 apeanoM Buay Cyprideis torosa (cuMmarpuyHe eBooLiitHe GopMOyTBOpeHH: ). PekoHCcTpyiioBaHOo ape-

amu Cyprideis pontica Ta JuHamiky iforo nomysnsuiit B EBKCHHCbKOMY OaceliHi IpOTSroM capMary-KysuIbHHKY.

Kniouogi crosa: cmpamuepagiuna epanuys, niioyen, keapmep, 0cmpaxoou

Introduction. In the Geologic Time Scale (2012) the
biostratigraphic divisions of the Pliocene deposits
and the Quaternary base (2.588 Ma, between
the Gelasian and Piacenzian (Riccardi, 2009)
was substantiated by chronostratigraphy, event
stratigraphy, magnetostratigraphy, radiometric dating
(**Ar/*Ar dating, “C and *°Th/*?*U dating, U/Pb
dating, ¥Sr/**Sr), climate change and Milankovich
cycles (sedimentation cycles), and oxygen and
carbon isotopes 6'*0, 8"*C curves. Palaeontological
characteristic of the Gelasian and Piacenzian derive
from different faunal groups (mammals, planktonic
foraminifera, calcareous nannofossils, diatoms,
radiolarians, dinoflagellates). However, formally,
the Neogene-Quaternary boundary is uniquely
substantiated on the appearance at the beginning of
the Gelasian of dinoflagellate cysts of Spiniferites
pachyderma and Invertocysta tabulata (middle part
of D21, northwestern Europe) and the radiolarian
Pterocanium  prismatium (RN12b, northwestern
Europe), as well as the disappearance at the end of
the Piacenzian of the radiolarian Anthocyrtidium
jenghisi (zone RN12a; northwestern Europe) and the
planktonic foraminiferan Dentoglobigerina altispira
(zone PL 5, Pacific Ocean). The Pliocene-Quaternary
boundary (2,588 Ma) in the Paratethys region is
compared with the boundary of the megacycle Gel
without paleontological substantiation. It is located
in the upper part of the Pannonian and within the
Kimmerian (Fig. 29. Neogene-Quaternary Regional
Subdivisions: Hilgen, Lourens, Van Dam, 2012).

In the Quaternary stratigraphic scheme for
Ukraine, the Pliocene/Quaternary boundary is placed
at the level between the Kujalnikian (Gelasian) and
the Gurian (Calabrian) at 1.81 Ma (Stratigraphic Code
of Ukraine, 2012). This is based on the appearance
in the Gurian of the molluscs Dreissena distanta, D.

polymorpha, Didacna digressa, D. giriana, Modiolus
phaseolinus,  nannoplankton  Pseudoemiliania,
Gephyrocapsa oceanica, Emilia hyxleyi, as well
as the disappearance of the Kujalnikian form
Dreissena theodori. The planktonic Foraminifera
Ammonia beccarii, Ammonia tepida, Fissurina
porecta, Cananifera  parcarae, nanoplankton
Discoaster brouweri and D. pentaradiatus (Tabl. 17.)
are represented in the stratigraphic scheme of
Cenozoic deposits of the Ukrainian sector of the
Black Sea: Stratigraphic Code of Ukraine, 2012).
The National Stratigraphic Committee of Ukraine
adopted the decision on the recognition of the ICS
Pliocene/Quaternary boundary at the level of 2.588
Ma (Resolution of the NSCU dated April 18, 2018:
Geological Journal, 2018). Accordingly, the Pliocene/
Quaternary boundary is now placed at a lower level
in the Kujalnikian horizon, which needs additional
palacontological fauna-floristic substantiation.

The purpose of this article is to detail the
microfaunistic characteristics (using ostracods) of the
Pliocene (Kimmerian, Kujalnikian) and Eopleistocene
(Gurian) marine sediments, and to substantiate the
Pliocene/Quaternary boundary in the northern part of
the Black Sea.

Neogene ostracods of the Paratethys and
Mediterranean regions and the Quaternary ostracods
of western and eastern Europe, the Black Sea, Caspian
Sea and Mediterranean Sea have been well studied
in their systematic, ecological, zoogeographical and
palacogeographical aspects. They are used for detailed
relative-age determination and correlation of marine
deposits, but fossil ostracods as a biostratigraphic tool
have not been used in the international stratigraphic
scales of the Neogene-Quaternary (Geologic Time
Scale, 2004, 2012) and Ukrainian stratigraphic
schemes of the Neogene-Quaternary (Stratigraphic
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Code of Ukraine, 2012). This biostratigraphic analysis
using ostracods was the first of its kind.

Fossil ostracods are a uniquely informative
group of fossil microorganisms. In sediments,
ostracods are often the only (and usually numerous)
representatives of the fossil fauna. They had a
predominantly autochthonous type of burial, often
beautifully preserved or at least with a sufficient
degree of conservation of the shell to allow species
identification. Local and regional biostratigraphic
divisions in the Neogene-Quaternary deposits of the
Black Sea are distinguished using ostracods (Dykan,
2011; Dykan,2012; Dykan2016a,b,c,d, f). Therefore,
the application of fossil ostracods to stratigraphic
correlation schemes, as a biostratigraphically
important group of fossil microorganisms, is
scientifically sound and expedient.

Material and methods of research. The Neogene-
Quaternary and recent ostracods of the Black Sea were
collected over a period of forty years (1978-2017)
from outcrops on the northern coast of the Black Sea
(from the Danube to the Taman Peninsula), well cores
(Odessa region, Kerch Peninsula, Taman Peninsula,
the estuaries of the northwest coast of the Black Sea)
and stations (the shelf and continental slope of the

B N

(i

morphology) (Dykan, 2006). Electronic-microscopy,
taphonomic, statistical, population, geochemical
and facial methods, and zoogeographical analyses
have been used in the study of fossil ostracods. The
determination of the geological ages of the marine
deposits was based on biostratigraphic and ecological
criteria derived from ostracods. The biostratigraphy
is based on the presence of index species; groups
of fossil ostracods, which have the upper and lower
boundaries, well established first and last appearances
of characteristic species; in the presence of periods
of optimum of ostracod species (genera); on the ratio
of zoogeographical species (Mediterranean, Caspian)
and species of different ecological specialization
(marine, brackish water, freshwater). Literary sources
on the stratigraphic position and geographical
distribution of fossil ostracods in the Holarctic belt
were also taken into account.

Results and their analysis. In the northern part of
the Black Sea, Pliocene deposits are represented by
Kimmerian and Kujalnikian horizons. The Kimmerian
deposits are distributed on the western shelf from
the mouth of the Tiligul estuary, on the Crimean
continental slope from isobaths 287 m to 1750 m, to
the southern slope of the Kerch-Taman shelf to the

Fig. 1. Map of the research area in the northern part of the Black Sea

northern part of the Black Sea, SRV NASU) (Fig. 1).

The biostratigraphic conclusions were based
on the systematic study of fossil ostracods (the
identification of species, the principles and criteria for
the determination of taxonomic features, the estimation
of the taxonomic weight of the morphological
features, the determination of diagnostic features
of the different taxonomic ranks, taxonomic
diagnoses, unified method of the description of shell
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isobaths 150-200 m. They are presented by a layer of
sandy clayey silts on the north-western shelf; oolitic
iron ores with clay layers in the Crimean continental
slope; iron-bearing sandstone on the eastern part of the
northwestern shelf and the Kerch shelf. The thickness
of the Kimmerian deposits decreases from east to
west and is 40-50 m (Semenenko, 1987; Shuraev,
2015). The lectostratotype of the Kimmerian is the
section near the village Arshintsevo (Kamish-Burun)
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(Stratigraficheskij slovar SSSR. Paleogen. Neogen.
Chetvertichnaya sistema, 1982).

The Kimmerian ostracods comprise 19 genera
and 38 species. They include some inherited Pontian

ostracod genera (Cyprideis, Tyrrhenocythere,
Euxinocythere (Maeotocythere),  Amnicythere,
Loxoconchissa (Loxocaspia), Xestoleberis
(Pontoleberis), Advenocypris, Bacunella,

Camptocypria, Caspiocypris, Pontoniella) as well
as some species. The peculiarity of the Pontian
relic species in the Kimmerian deposits is that it
is poor in crustaceans, which is also manifested
in small shells. Typical species of the beginning
of the Kimmerian are Tyrrhenocythere amnicola
donetziensis Dub., Loxoconchissa (Loxocaspia)
eichwaldi (Liv.), Loxoconchissa (Loxocaspia)
immodulata (Step.), Loxoconchissa (Loxoconchissa)
bairdyi (G.W. Miill.), Loxoconcha lepida Step.,
Pseudocytherura  pontica Dub., Camptocypria
gracilis (Liv.), Caspiocypris merculiensis Vek.,
Candona (Candona) angulata G.W. Miill., Cypria
candonaeformis (Schw.), Ilyocypris caspiensis (Neg.)
(Table. 1). In the northwestern part of the Kimmerian
Basin, ostracods formed stable associations of the
species Bacunella dorsoarcuata, Camptocypria
acronasuta,  Camptocypria  lobata,  Cyprideis
torosa, Tyrrhenocythere azerbaidjanica (Liv.), and
Cryptocyprideis bogatschovi. The Kimmerian species
Camptocypria lobata and Bacunella dorsoarcuata
had large shells in comparison with the Pontian
individuals. This is a clear marker for separating the
Pontian and Kimmerian deposits in the northern part
of the Black Sea (Dykan, 2016 a).

The Kujalnikian deposits occur in wells on the
shelf and in the deep-water zone of the continental
slope; their areal distribution coincides with the
Kimmerian deposits (Semenenko, 1987). They are
presented by sand, silts, sandstones and clay with a
total thickness of 40-50 m. The lectostratotype of the

Kujalnikian is the section near the village Kryzhanivka
(Odesa region, Ukraine) (Stratigraficheskij slovar
SSSR. Paleogen. Neogen. Chetvertichnaya sistema,
1982).

Kujalnikian ostracods comprise 19 genera and
42 species. A characteristic feature of the Kujalnikian
ostracods is the transitional Kimmerian-Kujalnikian
type fauna, where 62% are Kimmerian relics:
Pseudocytherura pontica, Cyprideis torosa (Jones),
Cyprideis pontica Krsti¢, Tyrrhenocythere amnicola
donetziensis Dub., Tyrrhenocythere azerbaidjanica
(Liv.&Agal.), Euxinocythere (Maeotocythere) crebra
(Schn.), Amnicythere palimpsesta (Liv.), Amnicythere

multituberculata  (Liv.), Amnicythere  mironovi
(Schn.), Loxoconchissa (Loxocaspia) eichwaldi
(Liv.), Loxoconchissa (Loxocaspia) immodulata

(Step.), Loxoconcha lepida (Step.), L. subcrassula
Suz., Xestoleberis (Pontoleberis) laevis (Karm.),
Camptocypria acronasuta (Liv.), Camptocypria
gracilis (Liv.), Caspiocypris labiata (Zal.), Bacunella
dorsoarcuata (Zal.), Pontoniella acuminata (Zal.),
Cryptocyprideis bogatschovi (Liv.), Advenocypris
centropunctata (Suz.), Candona (Candona) expressa,
Candona (Candona) angulata (G.W. Miill.), Candona
(Candona) elongata (Schw.), Cypria candonaeformis
(Schw.), Cypria arma (Schn.). Caspian immigrants
accounted for 28% of the total number of species:
Caspiocypris lobata (Zal.), Caspiocypris merculiensis
Vek., Cyprideis ruggierii  Dec., Amnicythere
spectabilis (Mark.), Loxoconcha bulgarica Car.,
Loxoconcha verticalitercostata  Dyk., Candona
(Candona) neglecta Sars, Candona (Eucandona)
balatonica Dad., Cyprinotus salinus (Br.), Ilyocypris
bradyi Sars, Il. gibba (Ramd.), Il. caspiensis (Neg.).
Mediterranean immigrants account for 10% of the
total number of species: Aurila notata (Reuss),
Xestoleberis (Pontoleberis) communis G.W. Miill.,
Xestoleberis (Xestoleberis) cellulosus Vek., X.

0%

62%

(Xestoleberis) chanakovi Liv.&Agal. (Fig. 2).

® Kujalnician relicts

® Caspian
immigrants

Kimmerian relics

Fig. 2. The ratio of zoogeographic groups of ostracods in Kujalnikian deposits
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Table 1. Stratigraphic position of ostracodes in Neogene-Quaternary deposits of the northern part of the Black Sea

; Fopleis :
Pliocene |pene| Neopleistocene Holocene

Species composition of ostracods

km | kj |gu|ch|de|eu|kg|pk|ne| bg|vz |kl |fn |gz

Cyprideis torosa**
Cyprideis pontica**

Cyprideis ruggierii** —_— =

Cyprideis acervumis**

|Cyprideis compleporiferus**

Cyprideis subtorosus**

Cryptocyprideis bogatschovi* — —
Cytheridea sakarauli***

Paracyprideis naphtatscholana®** —

Tyrrhenocythere amnicola donetziensis**

Tyrrhenocythere azerbaidjanica**

Tyrrhenocythere trabzonensis** rm—

Tyrrhenocythere sollertissimorete™*

Tyrrhenocythere pontica** e R

Tyrrhenocythere complexolacunisae**

Hemicytheria dubokensis** 7

Aurila dubowskyi*** — — j—
Aurila notata*®** — =

Urocythereis margaritifera®** —

Euxinocythere (E.) relicta** ? —

Euxinocythere (E.) magma**

Euxinocythere (E.) multipunctata®** — —

Euxinocythere (E.) bosqueti** ) w—

Euxinocythere (M.) bacuana** —_—
Euxinocythere (M.) lopatici** —(———

Euxinocythere (M.) crebra®*

Euxinocythere (M.) pracbaquana**

Amnicythere quinquetuberculata®*

Amnicythere resupina** —_—

Amnicythere plana*®*

Amnicythere postbissinuata** e =]
Amnicythere longa**

Amnicythere palimpsesta™* —
Amnicythere multituberculata®** —— Fw— | 7w

Amnicythere polymorpha**

Amnicythere spectabilis** — —— =S _—
Amnicythere striatocostata** —
Amnicythere cymbula®* = —
Amnicythere mironovi** 7 - 7=
Amnicythere volgensis** —— = —
Amnicythere pirsagatica*®*

Amnicythere gracilloides** — —_

Note: * - freshwater species; ** - brackishwater species; *** - marine species
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Continuation of Table 1. Stratigraphic position of ostracods in Neogene-Quaternary deposits of the northern part of the Black Sea

- Eopleis -
Pliocene |ors| Neopleistocene Holocene

Species composition of ostracods

km | kj |gu|ch|de |eu|kg|pk| ne| bg| vz |kl | fn| gz

Amnicythere histriana*** o

Calistocythere flavidofusca®***
Calistocythere diffusa*** —

—
Calistocythere cristata®** —

Mediocytherideis apatoica™*

Loxoconchissa (L.) petasus®*

Loxoconchissa (L.) eichwaldi**

Loxoconchissa (L.) babazananica** —

Loxoconchissa (L.) immodulata**

Loxoconchissa (L.) pracimmodulata®*

Loxoconchissa (L.) endocarpus** SN —

Loxoconchissa (L.) bairdyi** e [—

Loxoconcha subcrassula**®

Loxoconcha ljuljevi***

Loxoconcha lepida®*

Loxoconcha bulgarica®** —

Loxoconcha gibboides**#* —

[/]
L1

Loxoconcha rhomboidea***

Loxoconcha verticalitercostata S

Loxoconcha granulata®**

Loxoconcha rennata***

Loxoconcha globosa*** e

Loxoconcha elliptica™**

Loxoconcha aestuarii®**

LT

Loxoconcha pontica®**

Palmoconcha agilis***

Paracytheridea paulii***

Paradoxostoma variabile®**

Paradoxostoma guttatum***

Paradoxostoma naviculum***

Paradoxostoma simile***

Pseudocytherura pontica®** ———

Cushmanidea tschernjawskiii***

Cushmanidea bacescoi***

Carinocythereis carinata***

Carinocythereis rubra***

Costa edwardsii runcinata®**

Xestoleberis (P.) laevis** e

Xestoleberis (P.) communis*** —
Xestoleberis (X.) decipiens***

Xestoleberis (X.) acutipensis***

Xestoleberis (X.) aurantia™***

Xestoleberis (X.) cornelii*** — —

Xestoleberis (X.) cellulosus*** p—

Xestoleberis (X.) clongata***

Xestoleberis (X.) chanakovi*** —
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End of Table 1. Stratigraphic position of ostracods in Neogene-Quaternary deposits of the northern part of the Black Sea

Eopleis
tocene

Pliocene

Neopleistocene Holocene

Species composition of ostracods

km | kj |eu|ch|de|eu pk| ne| bg| vz |kl | fn | gz

Semicytherura sulcata***

—
Semicytherura euxinica*** —
Cytherois cepa®**

<
L=

Camptocypria acronasuta*®* —

Camptocypria gracilis**

Camptocypria lobata**

Caspiocypris labiata** — —

Caspiocypris merculiensis®* —— o

Bacunella dorsoarcuata®*

Pontoniella acuminata®* ?
Advenocypris centropunctata® —— —

Limnocythere inopinata* —

Metacypris cordata* —_—

Darwinula stevensoni™ — ==

Candona (C.) expressa® -

Candona (C.) candida* ja==n —

Candona (C.) angulata®

Candona (C.) iliensis* fr—

Candona (C.) neglecta*
Candona (C.) elongata* —t— =

Candona (C.) rawsoni*

Candona (C.) angulata* —

Candona (E.) balatonica*®

Candona (E.) caucasica®

Typhlocypris rostrata™ — et

Typhlocypris compressa*

Cyclocypris ovum* — 7 ————

Cyclocypris laevis*

Cypria candonaeformis e

Cypria arma*

Cypria lacustris* _—

Cyprinotus salinus* ——

Ilyocypris bradyi*

llyocypris gibba* r——

Ilyocypris caspiensis® ?

Eucythere ex.gr.declivis* =

Eucypris clavata®

Zonocypris membranae* —

Herpetocypris reptans®

Heterocypris incongruens®

Bairdia raripila **#* —

Bythocythere schornikovi *** —

Cytheropteron rotendatum™®** s

Cytheridea acuminata®** S—

Heterocytherideis reticulata®** = =
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B marine specis

® freshwater species

brackishwater species

Kujanician Gurian

Fig. 3. Percentage ratio of different ecologically specialized species in the Kujalnikian and Gurian deposits of the

northern part of the Black Sea

Typical species of the Kujalnikian ostracods
are Cyprideis ruggierii Dec., Aurila notata (Reuss),
Amnicythere  spectabilis  (Mark.), Loxoconcha
bulgarica Car., Xestoleberis (Xestoleberis) chanakovi,
Candona (Eucandona) balatonica Dad., Cypria arma
(Schn.) (Dykan, 2006, 2016 a). Kujalnikian ostracod
associations had a brackish water-freshwater-marine
composition: brackish water species accounted for
57 %, freshwater — 31 %, marine — 12 % of the total
number of species (Fig. 3).

Gurian deposits are embedded low down in the
marine Quaternary deposits and they are mosaically
distributed between isobaths 10-90 m in the
northwestern and northeastern shelf of the Black Sea.
They are represented by silts and clays with a total
thickness of up to 20 m.

Gurian ostracods total 11 genera and have a poor
species composition (17 species). They are presented
by Miocene-Pliocene relics, which accounted for
94 % of the total: Loxoconchissa (Loxoconchissa)
bairdi (G.W. Miill.), Loxoconchissa (Loxocaspia)
babazananica (Liv.), Bacunella dorsoarcuata (Zal.),
Pontoniella  acuminata (Zal.), Tyrrhenocythere
amnicola  donetziensis  Dub.,  Tyrrhenocythere
azerbaidjanica (Liv.), Camptocypria acronasuta
(Liv.), Camptocypria gracilis (Liv.), Amnicythere
palimpsesta (Liv.), Cyprideis torosa (Jones), Cypria
candonaeformis (Schw.), Ilyocypris gibba (Ramd.), I1.

bradyi Sars, Advenocypris centropunctata (Suz.),
Cryptocyprideis  bogatschovi  (Liv.), Darwinula
stevensoni (Brady & Rob.). The index species of the
beginning of the Gurian is Amnicythere postbissinuata
(Neg.) (Dykan, 2016 a) (Table 1). Gurian ostracod
associations had a brackish water-freshwater
composition: brackish water species dominated
(accounting for 69 % of the total number of species ),
with freshwater ostracods comprising 31 %; Fig. 3).

The Pliocene/Quaternary boundary, as defined
by ostracods between the Kujalnikian and Gurian
horizons in the northern part of the Black Sea, is based
on the change in taxonomic composition of ostracods,
with the disappearance of Pliocene species and the
appearance of new Quaternary ones. Ten species
disappeared in the Kujalnikian: Cyprideis pontica
Krsti¢, Euxinocythere (Maetocythere) crebra (Schn.),
Amnicythere mironovi (Schn.), Camptocypria lobata
(Zal.), Loxoconcha subcrassula Suz., Loxoconcha
verticalitercostata Dyk., Xestoleberis (Xestoleberis)
cellulosus ~ Vek.,  Xestoleberis  (Pontoleberis)
communis G.W. Mill., Candona (Candona) expressa
Karm., Ilyocypris caspiensis (Neg.): and one species,
Amnicythere postbissinuata, appeared in the Gurian
(Figs. 4, 5).

Also, the biostratigraphic marker of the
Kujalnikian in the Black Sea is Cyprideis pontica
Krsti¢, 1968 (Dykan, 2016 b). The brackish-water

Fig. 4. Index species of the Gurian Amnicythere postbissinuata (Neg.), collection No. 2567-5-132/9, right valve, female,
adult, Gurian horizon, Taman Peninsula, Akhtanizivsky station

257



Dykan N.I.

Journ. Geol. Geograph. Geoecology, 28(2), 250-261.

X130 100pm ?

X140 100pm 2z

X188 188mm

Fig. 5. Characteristic species of the Pliocene that disappeared at the Kujalnikian/Gurian boundary:

1 - Camptocypria lobata (Zal.), collection No. 2567-64/21, left valve, adult, Kimmerian horizon, northeastern part of the Black
Sea; 2 - Cyprideis pontica Krsti¢, collection No. 2567-6/2, left valve, female, adult, Kimmerian horizon, northwestern part of the Black
Sea; 3 — Loxoconcha subcrassula Suz., collection No. 2567-21/16, left valve, female, adult, Kujalnikian horizon, northwestern part
of the Black Sea; 4 — Loxoconcha verticalitercostata Dyk., collection No. 2567-6/17, left valve, female, adult, Kimmerian horizon,
northwestern part of the Black Sea; 5 - Xestoleberis (Xestoleberis) cellulosus Vek., collection No. 2567-86/20, right valve, female,
adult, Kujalnikian horizon, northwestern part of the Black Sea; 6 - Xestoleberis (Pontoleberis) communis Miill., collection No. 2567-
81/19, left valve, adult, Kujalnikian horizon, northwestern part of the Black Sea; 7 - Candona (Candona) expressa Karm., collection
No. 2567-5-1/26, right valve, adult, Kimmerian horizon, Taman Peninsula, Zaliznyy Rih section; 8 - Ilyocypris caspiensis (Neg.),
collection No. 2567-5-129/26, right valve, adult, Kujalnikian horizon, Taman Peninsula, Akhtanizivsky station

species Cyprideis pontica has a narrow stratigraphic = Dacian Basin, Euxinian Basin of Paratethys), and the
range (in the upper half of the Middle Miocene- Mediterranean region. The stratigraphic position of
Pliocene) and a widespread geographic distribution the species Cyprideis pontica in the Mediterranean
within Western and Eastern Europe (Pannonian Basin, region (eastern Mediterranean Basin, Crete and

Table 1. Stratigraphic position of Cyprideis pontica Krsti¢ in Parathetys-Mediterranean region

Period| Epoch | VEDITERRANEAN BASIN PANNONIAN BASIN DACIAN BASIN EVKSINIAN BASIN
IATNTSZ004) (S, 2012} ISCU, 2013y (SCU 2002y
QuaTER] TR CALABRIAN LOWER PLEISTOCENE GURIAN
Mary | e
GELASIAN
B —
RUMUNIAN
FIACENZIAN
1,600
o RUMUNIAN KUJALNICIAN
z
=
=
') FANCLEAN 1
= DATIAN
DACIAN
sam KIMMERLAN
=
=
& PONTIAN
3 MESSINIAN PONTIAN
=1 PONTIAN
] 248
MAKOTIAN o
i TORTONIAN PANNONIAN
=
= Juoe .
= SARMATIAN SARMATIAN
B SARMATIAN
SERRAVALLIAN
KONKIAN
A ; »
s BADENIAN EABAGANIAN
CHAOMRRAKIAY
1507 ANAN TARKHANIAN

- The stritigraphic position of Cyprideis pontica - Pliscene Quniemary boundery

258



Dykan N.I.

Journ. Geol. Geograph. Geoecology, 28(2),250-261.

northern Greece) covers the upper Serravallian-
Messinian interval (Mostafawi, 1989, 1996); in the
Pannonian Basin (Austria, Slovenia, northern and
eastern Serbia) the Upper Pannonian-Upper Pontian
(Gross et al, 2008); in the Dacian Basin (northern
Bulgaria, Romania) the Pontian (Krsti¢ et al, 1989;
Olteanu, 1989); and in the Euxinian Basin (Black
Sea) (northern shelf, the Indo-Kuban depression)
the Sarmatian-Kujalnikian (Dykan, 2016 a, b). The
species Cyprideis pontica disappears at the boundary
of the Late Miocene (Messinian, Pontian) and the
Pliocene (Zanclean, Dacian, Kimmerian) (5.33 Ma)
in the Mediterranean, Pannonian Basin and Dacian

Basin (The Geologic Time Scale, 2012) (Table 1).

of water filtration, there was a reorganization of
the morphology of the surface pore channels in the
species Cyprideis torosa. This involved an increase
in the size of the sieve-shaped lamellae, the number
of internal pores in these lamellae and the size of
the osculum of the inner pore, and a change in the
shape of the inner pore on the stack with a rim along
the perimeter. As a result of these evolutionary
processes, a new morphotype Cyprideis pontica was
formed within the Paratethys-Mediterranean basins.
It occupied a mosaic, ecologically isolated area that
coincided geographically or overlapped with the area
occupied by the species Cyprideis torosa (sympatric
evolutionary process) (Fig. 6).

I the arcal species Cyprideis pontica [N the areal species Cyprideis lorosa

Fig 6. Map of the range of Cyprideis pontica Krsti¢ and Cyprideis torosa (Jones) in the Paratethys-Mediterranean

region (Middle Miocene-Pliocene)

Cyprideis pontica continued to exist during the
Sarmatian-Kujalnikian in the Euxinian Basin. High
density monotypic populations of the species were
formed in the deep-water habitats of the eastern part
of the Black Sea (Indo-Kuban depression) during the
Sarmatian-Maeotian. The area with Cyprideis pontica
declined in the Pliocene to the northwestern part of
the sea, where this species was still widespread in the
shallow coastal biotope, though with a population
of low density. Cyprideis pontica was rare in the
Kujalnikian, its few populations represented only, or
mainly by, larvae. The species had disappeared in the
Black Sea by the Kujalnikian/Gurian boundary.

Cyprideis pontica is a phylogenetic branch of
the species Cyprideis torosa - separating from the
parent species C. forosa in the Late Miocene. As a
result of the occupation of a new ecological niche in
deeper water biotopes of the shelf and continental
slope with a reduced oxygen content, part of the
population of Cyprideis torosa went through a narrow
specialization process. In the process of adaptation
to hypoxia and the necessity to increase the volume

The morphology of the shell of Cyprideis pontica
Krsti¢ has a diagnostic feature (the morphology of
the surface pore canals), which allows this species
to be recognised in the Neogene deposits (Dykan,
2016 a, b). The surface pore canals have a different
shape (rounded, oval, flower-shaped, irregularly
elongated, irregularly oval), different sizes (8-42 um),
sieve-typed, deepened in relation to the surface of the
valve. The sieve-shaped lamella contains from 110 to
270 internal pores. The internal pores have a staggered
shape and a round osculum (302-994 nm in diameter)
with a rim along the perimeter. The central pore is
located in the centre of the sieve-shaped lamella,
deepened in relation to the surface of the valve, with a
round osculum (977 nm-1.8 um in diameter) (Fig. 7).
Conclusions. A monographic study of the Neogene-
Quaternary ostracods of the Black Sea, their
stratigraphic position and geographical distribution in
the Mediterranean-Black Sea-Caspianregionallowone
to conclude thata change in the taxonomic composition
and ecological specialization of ostracods occurred at
the Kujalnikian/Gurian boundary in the northern part
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Fig. 7. Morphology of the fossil shell species Cyprideis pontica Krsti¢, 1968: 1 - right valve, female, adult, lateral
external view (x 130), Upper Sarmatian horizon, north-western shelf of the Black Sea, drill hole 67; 2 — left valve, male,
adult, lateral external view (x 95), Lower Maeotian horizon, north-western shelf of the Black Sea, drill hole 55; 3 —
fragment of the outer surface of the shell (x 250); 4 — surface porous canals (x 1000);); 5 — sieve-shaped lamella of the
surface porous canal (x 5000); 6 — internal pores of the surface porous canal (x 13000) (Dykan, 2016)

of the Black Sea. 24% of Pliocene species, including
the index species Cyprideis pontica, disappeared in
the Kujalnikian. Ostracod associations had a brackish
water-freshwater-marine composition. In the Gurian,
the new species Amnicythere postbissinuata appeared
and brackish water-freshwater associations formed,
with the domination of brackish water species.

Rreferences

Dykan N. L., 2006. Systematyka chetvertynnykh ostrakod
Ukrainy [Systematics of Quaternary Ostracods of
Ukraine]. IHN NANU, Kyiv(in Ukrainian).

Dykan N. 1., 2011. Biostratigrafiya srednemiocenovyh-
nizhnepliocenovyh  otlozhenij = Tamanskogo
poluostrova po ostrakodam [Biostratigraphy of the
Middle-Miocene—Lower-Pliocene deposits of the
Taman Peninsula by ostracods]. Geologicheskij
zhurnal, N 3, 29-39 (in Russian).

Dykan N. 1. 2012. Rozchlenuvannia
chetvertynnykh vidkladiv Chornoho

pliotsen-
moria

260

(pivnichnyi shelf) za ostrakodamy [Determining
of the age of the Pliocene-Quaternary deposits
of the Black Sea (Northern shelf) byostracodes].
Tektonika i stratyhrafija, N2 39, 111-131(in
Ukrainian).

Dykan N. I,. 2016 a. Neohen-chetvertychnye ostrakody
severnoi chasty Chornoho moria [Neogene-
Quaternary ostracods of the northern part of the
Black Sea]. Chetverta khvylia, Kyiv (in Russian).

Dykan N. 1, 2016 b.Popov Kamen section.
Ostracods:Paleontological Journal, 50 (10), 77-
81.

Dykan N. I., 2016 c. Taman ostracods.Paleontological
Journal, 50 (10), 142-150.]

Dykan N. 1., 2016 d.Taman section. Ostracods:
Paleontological Journal, 50 (10), 104-107.

Dykan N. 1., 2016 f. Zelensky—Panagia section. Ostracods:
Paleontological Journal, 50 (10), 24-25.

Dykan N. L., 2016 g. Vid Cyprideis pontica Krsti¢, 1968
(Ostracoda, Crustacea) — indikator granicy
pliocen-chetvertichnyh  otlozhenij (severnaya
chast Chernogo morya [View of Cyprideis pontica
Krstié, 1968 (Ostracoda, Crustacea) - indicator of




Dykan N.I.

Journ. Geol. Geograph. Geoecology, 28(2),250-261.

the boundary of Pliocene-Quaternary deposits
(northern part of the Black Sea). Geologiya i
poleznye iskopaecmye Mirovogo okeana, Kyiv, Ne
1 (43), 19-43 (in Russian).

Lourens L., Hilgen F., Shackleton N. J., Laskar J.,
Wilson D., 2004. The Neogene Period: The
Geologic Time Scale, 409-440. doi.org/10.1017/
CB09780511536045.022.

Geologic Time Scale, 2004. Editors: Gradstein F. M., Ogg
J. G., Smith A. G. Cambridge University Press.
doi.org/10.1017/CBO9780511536045.

Geologic Time Scale, 2012. Editors: Gradstein F. M. Ogg
J. G. M. Schmitz, Ogg G. Gebriider Borntraeger,
Stuttgart, German. doi.org/10.1016/C2011-1-
08249-8.

Gross M., Minati K., Danielopol D., Piller W., 2008.
Environmental change and diversification of
Cyprideis in the Late Miocene of the Styreal
Basin (Lake Pannon, Austria). Senckenbergiana
lethaea, 88 (1), 161-181.

Hilgen J., Lourens L.J., Van Dam J.A., 2012. The Neogene
Period: The Geologic Time Scale, 923-964. doi.
org/10.1016/C2011-1-08249-8.

Krsti¢ N., Stancheva M., 1989.Ostracods of Eastern
Serbia and Northern Bulgaria with notices
on a Northern Turkey assemblage and some
Mediterranean assemblage: Chronostratigraphe
und Neostratotypen. Neogene der Westlichen
(Zentrale) Paratethys. Pontien, VIII, 753-819.

Mostafawi N., 1996. Neogene Ostracodefaunen im Gebiet
siidlich von Thessaloniki (Nordgriechenland).
Senckenbergiana lethaeca, N2 76 (1/2), 159-173.

Mostafawi N., 1989. Neogene ostracods of Chersonisos
and Vrysses (Crete, Greece). Neues Jahrbuch fiir
Geologie und Paldontologie. Abhandlungen, 178
(2), 183-201.

Olteanu R., 1989. La faune d’ostracodes ponties du
Bassin  Dacique:  Chronostratigraphie  und
Neostyratotypen. Neogene der Westlichen
(Zentrale) Paratetis. Pontien, VIII, 722-751.

Natsionalnyi stratyhrafichnyi komitet Ukrainy, 2018.
Pro diyalnist Nacionalnogo stratygrafichnogo
komitetu Ukrayiny [About the activities of the
National Stratigraphic Committee of Ukraine].
Geologichnyj zhurnal, 2 (363), 95-100 (in
Ukrainian).

Riccardi A. C., 2009. Ratification of the definition of the
base of Quaternary System/Period (andtop of the
Neogene System/Period), and redefinition of the
base of the Pleistocene Series/Epoch (and top of
the Pliocene Series/Epoch).IUGS. Retrieved from
http://www.stratigraphy.org/upload/IUGS %20
Ratification Q%20&%20Pleistocene.pdf.

Semenenko V. N., 1987. Stratigraficheskaya korrelyaciya
verhnego miocena 1 pliocena Vostochnogo
Paratetisa i Tetisa [Stratigraphic correlation of the
Upper Miocene and the Pliocene of the Eastern
Parathetis and Tetis]. Naukova dumka, Kyiv.

Shnyukov E. F., Shuraev I.N., 2015. Kimmerijskie
peschaniki Krymskogo kontinentalnogo
sklona [Cimmerian sandstones of the Crimean
continental slope]: Stratotipovi ta oporni rozrizi
fanerozojskih vidkladiv Ukraini: suchasnij stan
paleontologichnoi vivchenosti ta perspektivi
podalshih doslidzhen. IHN NANU, Kyiv, 8, 215-
221(in Russion).

Stratigraficheskij slovar SSSR. Paleogen. Neogen.
Chetvertichnaya sistema, 1982. Leningrad.

Stratygrafichnyj kodeks Ukrayiny, 2012. [Stratigraphic
Code of Ukraine]. Vidp. red. P.F.Gozhyk, 2-¢
vyd., Kyiv (in Ukrainian).

261



ISSN 2617-2909 (print)
Journal of Geology, ISSN 2617-2119 (online)

Geography and
Journ.Geol.Geograph.

Geoacod ogy Geology,
28(2), 262-274.

Journal home page: geology-dnu-dp.ua doi: 10.15421/111927

N. P. Gerasimenko, I.P. Koval’chuk Journ. Geol. Geograph. Geoecology, 28(2),262-274.
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Received: 20.01.2019 Abstract. The aim of this paper is to reveal connections between Upper Pleistocene soil
Received in revised form: 03.02.2019 types and the vegetation, which existed during their formation. Palacovegetation was recon-
Accepted: 27.03.2019 structed on the basis of pollen analysis, whereas morphological description of palacosols

and the data from their laboratory study (grain-size and bulk chemical analyses, contents of
Corg., CaCO;, and dry salts) were used to reconstruct palacopedological processes. The Kryva Luka sedimentary sequence was accumu-
lated in a deep palacogully (the incision of which occurred in early Kaydaky times), where, as a result of high sedimentation rates, well-
developed Upper Pleistocene pedocomplexes formed, on one hand, and very good preservation of pollen was thus guaranteed. Several
phases of soil development occurred in Kaydaky, Pryluky and Vytachiv times (the Ukrainian Quaternary framework), all represented
in the section by individual palacosols, separated by loess-like beds, or by erosional surfaces. The data collected demonstrates a cyclic
pattern of short-period palaecoenvironmental changes during the Late Pleistocene. The last interglacial is related by paleopedological
and pollen data to the Kaydaky unit. The pre-temperate stage of the interglacial is revealed in the gully deposits of subunit ‘kd, ’. The
early-temperate stage corresponds to the Luvisol of subunit ‘kd,,’, which was formed under broad-leaved woods dominated by oak. The
late-temperate stage is recorded in the Greyzemic Phaeozem of the soil *kd, * (by the appearance of hornbeam) and the Mollisol ‘kd,,’.
The post-temperate stage of the interglacial and the transition to the early glacial occurred during formation of the uppermost bed of the
latter and the incipient soil ‘kd, ’. (pedosediments were also accumulated at this time). Both vegetational composition and the soil types
reflect a warmer and wetter climate for the temperate part of the last interglacial, as compared to that existing in modern times. The soils
of different phases of Pryluky and Vytachiv times were formed during interstadials, with cooler climates than at present. As recorded
both in soil types and pollen assemblages, the climates during the early interstadials of Pryluky and Vytachiv times were wetter than
now (particularly during the ‘pl,, ° phase), but during their late interstadials, the climate was drier than the modern one (particularly
during the phase ‘pl,;”). On the basis of TL-dating obtained in sections in western Donetsk area and Central Ukraine, Pryluky times
correspond to interstadials and stadials of the early glacial, whereas Vytachiv unit may be related to the middle pleniglacial. Types
of cryostructures, connected with loess-like deposits of the stadials, indicate that the studied area in those times was under a severe
continental climate, with deep seasonal freezing of the grounds. Nevertheless, the absence of ice pseudomorphs and of pollen of arcto-
alpine plants indicates that permafrost was not present. Changes in palacopedogenic processes (as well as in types of sedimentation)
mainly paralleled changes observed in the palaeovegetation. The extent of wooded areas, the role of broad-leaved trees in the forest
composition, and the spread of xeric herbal associations had particularly notable effects on the development of pedogenic processes.

Key words: palaeopedology, pollen analysis, short-period palaeoenvironmental changes

IlizHbOMIeliCTONEHOBI ITPYHTH SIK iHAMKATOPH BILUIMBY 3MiH NPHPOJHOIO CepelOBHINA HA
PO3BHMTOK IpoLeciB negoreHe3y (Ha npukJaai po3pisy c. Kpusa Jlyka, /lonenpka 00.1.)

H. I1. T'epacumenko', 1. T1. KoBanpayk?

!Kuiscokuil nayionanohuil ynisepcumem imeni Tapaca lesuenka, Yikpaina, Kuis, e-mail: n.garnet2(@gmail.com
’Hayionanshuil ynieepcumem biopecypcis i npupoookopucmysanus Yepainu, Yxpaina, Kuie

AHoTauisi. Y cTaTTi HaBeJCHO PEKOHCTPYKIIIO AMHAMIKH IMi3HBOIUICHCTOIIEHOBUX 3MiH TaKMX KOMIIOHEHTIB JaBHHOTO HMPHUPOIHOTO
CepesoBHIIIA K MMaTeOPOCIHHHICTD, MAJCOIPYHTH 1 MAJICOKpioreHe3 (AKi € IHANKaTopaMu MajJeoKIiMarTy) Ta MOKa3aHO B3a€MO3B I3KU
MK HUMH. JlOCTi/UKEHHS BHKOHAHO i3 3aCTOCYBaHHSM MAJiHOTIYHOTO 1 MAaJjeoIeoJIOriYHOro (30KpemMa, aHaNIITHIHUX METOJIB)
BHBUYCHHSI pO3pi3y BepXHbOILIeHCTOIeHOBUX BigkiaaiB Kpusa Jlyka. V 1iboMy po3pisi, po3TamoBaHOMY Ha aKyMYJISATHBHHX CXHIJIaxX
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naneo0asky, 3aKIaIeHOT Ha IMOYaTKy KaiIalbKoro yacy, 3aBISKU 3HA4HIM IHTCHCUBHOCTI CEIUMEHTAlii, IIOBHO MpeacTaBieHi (asu
IPYHTOYTBOPEHHS BIPOJOBXK KalallbKoro, NPHITyLbKOTO i BUTa4iBChKOTO erariB. [TokazaHo, 110 3MiHa THUIIB MeaoreHe3y (a Takox i
ceMMEeHTOreHe3y) Bi0yBajacs 3a yMOB 3MiH POCIMHHOCTI, IIPH IIbOMY O0COOJIMBE 3HAYEHHS MaJjla y4acTh y ii CKJ1aii JepeBHHUX MOPiJ
(0COOMMBO MUPOKONIUCTHX) 1 TPaB THUCTHX KcepodiTiB. OcTaHHIN IHTEPIIAIiad BUSBICHO B YTBOPSHHIX KalIallbKOTO KIIIMaTOJITY:
HOro MoYaTKOBY CTajlii0 y GankoBux Binkmagax ‘kd, ’, kimimMaTidHi onTuMymu y rpyHToBii ceiti ‘kd, —kd, ’, 3akmrouny crafito —y
rpyHTi (4n y nepocemumentax) ‘kd, *. THII i cKTaq pOCTMHHOCTI Ta TUNX BUKOIHUX TPYHTIB BilOOPAKAIOTH BOJMOTIIIMHA 1 TETUTImmi
KJIIMaT ONTUMYMIB KalialbKOro eTaiy y IOPiBHAHHI i3 CydacHHM. [pyHTH IPUJIyLBKOTO i BUTa4iBCHKOTO 4aciB (OopMyBaiucs 3a
iHTepcTa/lialbHUX YMOB, MPOXOJNOJHIIIMX BiJl cydacHUX. Briponosx ¢asu ’pl > kimiMar Oy BONOTIIIMM Bijl TENEPIIIHBOTO, @ y 4ac
’pl,,, * — CYTTEBO MOCYHMUIMBINIMM. BificyTHICTB y po3pi3i muiky kpiodiTis Ta HasBHi GOpPMHU KPiOCTPYKTYp CBil4aTh, IO TEPUTOPis
po3TanryBaHHs pO3pi3y BIIPOIOBXK CTAIaIIB, BUSBICHUX Y HOTO BiJIKJIaaX, 3HAXOAUIACS HE Y 30HI OararopiuHoi MEep3JI0TH, aJie y 30Hi

MIHOOKOI0 CE30HHOTO IIPpOMEP3aHHA prHTiB 3a YMOB CYBOPOI'0O KOHTUHEHTAJIBHOTO KIIiMaTyA

Knrouoei crnosa: naneonedonoeis, cnopogo-nuikouil aHai3, KOpOMKONEPioOUyHi 3MiHU NPUPOOHO20 cepedosuLyd

Introduction. Fossil soils, intercalated with loesses
in the Upper Pleistocene deposits of Ukraine, are a
valuable source of information about past pedogen-
ic processes, which changed (in time and laterally)
depending on trends in palaeoenvironmental devel-
opment. To establish the connection between the
climatic and vegetational dynamics of the past and
changes in the genetic types and properties of the
corresponding palacosols is an important task in the
elaboration of a prognosis for possible future changes
of the modern soil cover. This goal is especially ac-
tual in the modern time of climatic and environmental
instability. The older Pleistocene soils, or soils in the
northern-western Ukraine which existed under much
more humid climate than at present, may have no ge-
netic correlatives in the modern soil cover of Ukraine.
Nevertheless, it is possible to determine the modern
analogues of Upper Pleistocene northern steppe-belt
soils belt in the southern steppe or the forest-steppe
belts of Ukraine. The aim of this paper is to reveal the
connection between the changes in palaeosol proper-
ties and the reconstructed environments where they
were formed. The realization of this aim is founded
on the study case of the Upper Pleistocene loess-pal-
acosol section at Kryva Luka, which includes most of
the Upper Pleistocene soil units, enriched in pollen.
The latter, together with palaeosols themselves, is the
main tool for palacoenvironmental reconstruction.
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Fig.1. Location of the studied site.
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In the Donetsk area, Upper Pleistocene soils have
previously been studied by M. Veklitch et al. (1973),
N. Sirenko (1972) and Zh. Matviishina (1982). Fos-
sil pollen was first revealed by A. Artyushenko et al.
(1973). Palacoenvironmental reconstructions of the
area of Ukraine (including the Donetsk region) have
been promoted using palacosol and pollen studies by
N. Sirenko and S. Turlo (1986). All results described
were obtained for relatively long-lasting time periods
(the interglacial and interstadials), whereas the short-
period dynamics of pedogenic processes and veg-
etational changes were first obtained in the Western
Donetsk area by N. Gerasimenko and G. Pedanyuk
(1991), N. Gerasimenko (2010, 2011). The additional
study was fulfilled by the authors in 2013. The Qua-
ternary framework of Ukraine (Veklitch, 1993) is used
for the site stratigraphy. The short-term periodization
of the Upper Pleistocene in the Western Donets area,
applied in this paper, was outlined by N. Gerasimenko
(2010).

Material and methodology. The section at Kryva
Luka is located in the right slope of a ravine, which
deeply dissects the right bank of the Siverskyi Donets
River (48°52'10" N, 37°54'46" E, 138 m a. s. L) to the
cast of Kryva Luka village, in the northern part of the
Donetsk region (Fig.1). The right bank of the river
consists here of Cretaceous rock, which were cut dur-
ing the Upper Pleistocene by a series of deep ravines.
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The inclination of the Upper Pleistocene de-
posits, exposed in the ravine sides, confirms that the
palaeoslopes were inherited by Holocene erosional
processes. Judging from the stratigraphy of the infill-
ing deposits in the palacoravines, incisions occurred
at the beginning of Vytachiv times (the terrestrial
equivalent of MIS 3), and, more commonly, at the be-
ginning of Kaydaky times — the first interglacial after
the Dnieper (Saalian) glaciation. The studied section
is exposed in the part of the palacoravine created dur-
ing Kaydaky times, and later completely filled with
younger sediments and palacosols. At present, the
right bank of the Siverskyi Donets is gently sloping in
the direction of the river valley. In general, the stud-
ied area is located within the NW part of the Donets
Upland whose relief is represented by accumulative-
denudational hilly plain, deeply dissected by valleys
(Vakhrushev et al., 2010).

The modern soils are Mollisols, which are not
leached of their carbonates (Calcic Chernozems). The
modern vegetation of the slopes and plateau is that
of mesophytic steppe, comprising diverse forbs and
grasses. The dense trees (mainly Acer, Fraxinus and
Salix) cover the bottom of the lower part of the gully,
whereas bushes (Elaeagnus angistifolia, Rosa canina,
Pyrus sp.) are scattered on its slopes. The eroded ex-
posed parts of slopes are inhabited by Chenopodia-
ceae, Artemisia and Asteraceae. The high floodplain
of the Siverskyi Donets is covered by broad-leaved
forest made up of oak, elm and ash, and the distant
sandy terraces are occupied by pine woods.

52 samples were collected from the main sec-
tion (with an interval 10-20 c¢cm) in such a way that
each soil genetic horizon was sampled, though the
pedosediments and gully alluvium were sampled at a
significantly larger interval. Grain-size, bulk chemi-
cal and pollen analyses had been carried out for each
sample. Contents of C_ , CO, of carbonates (re-cal-
culated to CaCO, content) and dry salts were deter-
mined. Despite all components of the bulk chemical
composition having been obtained, only the contents
of R,0, (ALO, + Fe,0,) are shown in the summary in
Fig. 2, as well as their molecular ratio with SiO,. Ac-
cording to Veklitch et al. (1979), these indices, as well
as the clay fraction (< 0, 001 mm) are crucial for the
estimating the intensity of clay weathering in soils,
whereas their re-distribution in a soil profile allows
judgments on the development of translocation pro-
cesses. The sum of silicate CaO and MgO is provided
in order to demonstrate the accumulation of bases in
the deposits. The CaCO, re-distribution indicates the
primary and secondary carbonate horizons in the up-
per part of the section, whereas its lower part does
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not include any carbonate. The content of dry salts,
represented mainly by CaSO, and NaHCO,, provide
evidence that the majority of the soils and other de-
posits were not solonized. All chemical analyses were
carried out according to standard methodologies,
whereas grain-size analysis was done by the Kachin-
sky ‘pipette’ method. With the exception of the main
section, several additional excavations have been dug
up and down the course of the ravine.

As the studied section is located in a kind of a
‘sediment trap’ in the gully, the accumulation rates
of deposits were rather high and pollen-bearing beds
were buried quickly, which prevented these micro-
fossils being oxidated. At least 300-400 well-pre-
served pollen grains were counted in each sample.
Re-deposited Neogene palynomorphs occur only at
one level (Neogene deposits are exposed at the top
of the gully). Sample processing for pollen analysis
completely corresponds to the method described in
Gerasimenko et al., 2019 in this volume. The two
surface pollen samples, taken from the top bed of the
Mollisols near the gully, differ from the pollen spectra
that would be expected from the vegetational zone of
mesophytic steppe, in that they have very high per-
centages of Chenopodiaceae pollen (30-40%). The
common percentages of these in grassland is <30%
(according to V. Grichuk, 1989). This anomaly can
be clearly explained by over-representation of Che-
nopodiaceae pollen, produced by the ruderal plants
from this family (different species of Chenopodium),
observed at present on the eroded slopes of the ra-
vine. This fact should be taken into account when
interpreting spectra of the fossil taxa from the sec-
tion. Arboreal pollen (10-15%), present in the surface
samples, include Pinus sylvestris (dominates), Betula,
Quercus, Acer and arboreal Rosaceae. The sum of
pollen of broad-leaved trees in the steppe associations
is < 5%, which also should be taken to consideration
when interpreting fossil spectra. The percentages of
Pinus sylvestris pollen (9-12%) are unusually low for
an open landscape, which means that this long-dis-
tance wind-blown pollen is ‘swamped’ by the abun-
dant pollen coming from the local steppe vegetation,
which there produces dense ground cover. Pollen
grains were identified with the aid of pollen atlases
(Kupriyanova, Alyeshina, 1972, 1978; Reille, 1995)
and the reference pollen collection of the Geography
Faculty of the Taras Shevchenko National University
of Kyiv. The reconstructions of past vegetation are
based on the methodological principles elaborated by
V. Grichuk (1989), N. Bolikhovskaya (1995) and L.
Bezys’ko et al. (2010). In the pollen diagram (Fig.
3), those abbreviations are used: AP — arboreal pol-
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len, NAP — non-arboreal pollen. Asteraceae pollen is
not included in the sum of forbs because of its over-
representation, controlled by the local development of
erosional processes and, thus, the disturbed soil cover.
Results. The section includes from the top to bottom
those units. The Holocene (0.0-0.3 m) is represented
by the A1C horizon of the truncated Mollisol (a grey
loam, with granular-crumbly structure, and CaCO,,
penetrating along the root casts).

The Bug (bg)unit (0.3-1.8 m) is a loess, densely
penetrated with thin carbonate veins and including
humiferous warm routes in its upper part — C(Al)k
horizon of the Mollisol. Thin fissures filled in with
the loess dissect the underlying Vytachiv soil. The
C,, content is low (0.5-0.7%) and that of CaCO, is
very high (14-15%). The significant content of R,O,
is controlled by the impact of the Holocene pedogenic
processes, and it decreases downwards, as well as the
content of clay particles (from 26 to 18%). The sum
of CaO and MgO is high (6.1%), whereas the content
of dry salts, represented mainly by calcium sulfates
and hydrocarbonates, is medium (from 0.14 to 0.09%
downwards).

Pollen assemblages from the Bug unit is domi-
nated by NAP (81-97%), with Chenopodiaceae pol-
len being most abundant (53-77%). Pollen of Astera-
ceae and Artemisia is well noticeable (up to 11-19%
of each), whereas Poaceae and forbs occur less fre-
quently (up to 4-6% of each). The increase in pollen
of forbs in the uppermost bed is connected with the
transition to the Holocene soil at this level. The AP
(2-8%) is dominated by Pinus sylvestris though few
grains of Betula pendula, Alnus glutinosa and arbo-
real Rosaceae occur. The TL-date from the lower part
of the unit is 26£3 ka BP (Gerasimenko, Pedanyuk,
1991).

The Vytachiv (vt) unit (1.8-3.20 m) consists of
two palaeosols. The upper one (1.80-2.50 m) — vz, —
is a Calcaric Cambisol, with darker A1 and brownish
A1B horizons. The soil structure is not well-devel-
oped, whereas carbonates are seen through the whole
soil profile. In its upper part, they are secondary forms
but in the primary A1Bk horizon, the bright spots of
farinaceous carbonates are abundant. The C , content
is slightly higher in A1 horizon (0.65%) than in Al1B,
and the distribution of carbonates and dry salts is op-
posite. The contents of R O, and clay fraction is high-
er than in Bug loess, and the sum of CaO and MgO
is much lower (1.8%). The lower soil (2.50-3.20 m) —
vt,— is also a Calcaric Cambisol but with the features
of lessivage processes (the content of clay particles
and, especially, R,O, is smaller in the middle part of
the soil profile (A1E horizon) than in its lower part

(Bt horizon). The A1 and A1E horizons have the low
content of secondary carbonates, where in the lower
part of the Bt horizon, there is a small increase (5%)
in CaCO, (probably connected with several phases in
this soil development). The development of lessavage
processes is also confirmed by prismatic structure of
the bright-brown compacted Bt horizon. There is a
network of thin fissures, filled in with loess-like mate-
rial, which opens from the surface of this soil. This
indicates some phase of aridification and wind-blown
dust accumulation that occurred between the two
main pedogenic phases of the Vytachiv time. There is
the erosional level at the base of the ‘vt ’soil — a thin
layer of gravel grains and crumbles of the Cretaceous
rocks.

Pollen assemblages of the two Vytachiv soils are
somewhat different. The ‘vt,” soil has a typical steppe
pollen spectra (AP 8-10%, NAP 88-89%, spores
2-4%), whereas the ‘vt’ soil includes both steppe
and forest-steppe spectra (the AP up to 24%). The AP
from the ‘vt,’soil includes a few (but diverse) pol-
len of Alnus glutinosa, Betula pubecens, Salix, Pinus
sylvestris, Tilia cordata, Ulmus sp., Corylus avellana
and Rhamnus cathartica. The NAP is dominated by
Chenopodiaceae and Asteraceae but their percent-
ages are lower than in Bug loess. Pollen of Artemisia,
Poaceae and Roasceae is noteworthy, whereas the
other forbs are rare. The AP from the ‘vt ’soil differs
in different horizons of soils. The pollen assemblage
from the A1E horizon is the richest in palynomorphs
of broad-leaved trees (mainly Quercus), whereas the
pollen spectra from the Bt horizon are either of a
steppe type (without pollen of broad-leaved taxa), or
of a forest-steppe type (with pollen of Corylus avel-
lana, Euonymus and Sambucus. Here the percentages
of Polypodiaceae and Lycopodiaceae (Lycopodium
annotinum, Diphazium complanatum) spores strongly
increased at the expense of the drop in pollen sum of
xerophytes.

The Pryluky (pl) unit is represented by a well-
developed thick pedocomplex (3.20-6.40 m), consist-
ing from two palaeosols (‘pl,’and ‘pl ’) separated by
a thin loess subunit ‘pl,’. The upper ‘pl,,,’ soil (3.20-
4.0 m) includes A1 and A1Bk horizons, both grey but
significantly lighter in colour than the modern Molli-
sols, crumbly and non-compacted, with abundant car-
bonate pseudomycelium in A1Bk horizon. The upper
boundary of the soil is dissected by the wedges (some
of them 1.4 m in depth), filled in with loess. The lower
boundary is disturbed by shallow ground wedges (0.2
m in depth), filled in with the soil material. Taking in
account the degeneration of humus matter in palaco-
sols, this soil is enriched in organic carbon (0.9-1%).
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It has a high position of carbonate horizon, the rela-
tively high sum of CaO and MgO (up to 3.6%). The
content of dry salts (0.16%) increased at the level be-
low the humiferous profile. In the pollen assemblage
of this soil, AP constitutes only 5-18%, whereas NAP
is 82-94%. The AP is dominated by Pinus sylvestris.
A very few pollen of Betula pubescens, Alnus gluti-
nosa, Rhamnus cathartica and Sambucus sp. occur. In
the NAP, Chenopodiaceae is less abundant than in the
Vytachiv soils at the expense of the increase in pollen
of Poaceae and forbs.

Below the ‘pl, ,” soil (4.0-4.40 m), the remnants
of the preceding soil formation is revealed — the B(t)
horizon of the ‘pl,,,’” soil, brown-coloured, compact-
ed, prismatic (but without glance films on ped surfac-
es). The carbonate pseudomycelium (obviously sec-
ondary) is less frequent, but in the Ck horizon of this
soil, the content of CaCO, reaches 12%. Dry salts is
washed down from the overlying soil. The content of
R0, and clay fraction in the soils of the ‘pl,” subunit
is similar to that in the Vytachiv unit, but without their
re-distribution in the soil profiles. The pollen spectra
from the ‘pl,, ’ soil are both of steppe (the lower and
upper beds) and forest-steppe (the middle beds) types.
Besides the AP, represented in the ‘pl,, °, pollen of
broad-leaved taxa (Quercus, Ulmus, Acer and Tilia
cordata), Sambucus and arboreal Rosaceae occur.
The NAP is similar to those of the ‘pl,, > soil, and the
content of spores are miserable on both soils.

The thin loess-like subunit ‘pl,” (4.4-4.7 m) is
the Ck horizon and the level of accumulation of dry
salts, washed down from the overlying soils. It has
the low content of C_ in itslower part, whereas in the
upper part, root casts and warm routs include some
humus material. The content of R,O, and clay fraction
is much smaller than in all overlying soils and simi-
lar to that in the Bug loess. The pollen assemblage
of this subunit is dominated by NAP, and namely by
Chenopodiaceae and Asteraceae, whereas the pollen
percentages of grasses and forbs are very low. No pol-
len of broad-leaved pollen is found.

The “pl,” subunit consists of two palaeosols. The
upper one ‘pl,, .’ (4.7-5.85 m) is a well-developed
Mollisol, dark-grey in its Al horison and brownish-
grey in A1B horizon. The material of Al horizon is
granular-crumbly, loose, enriched in C__(1.4%) and,
in its upper part, includes soft nodules of CaCO, (the
secondary carbonate horizon). The own carbonate ho-
rizon of this soil, represented by the pseudomycelium
and small infrequent nodules of CaCO,, is located in
the lower part of A1B horizon and in the Ck horizon
below the humiferous part of the soil profile. The A1B
horizon has prismatic structure. It is more compacted
and more enriched in R,0, and clay fraction than A1
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horizon. The lower boundary of the soil is uneven —
with short ‘tongues’ of humiferous material (0.2 m in
depth) and very thin veins, inclined oppositely to the
general downhill sloping of the soils. The pollen as-
semblage of the soil is of a steppe type (AP 5-12%),
with the high percentages of Chenopodiaceae and As-
teraceae in the NAP but still a diverse composition
of pollen of forbs. The AP includes a very few pollen
grains of Quercus, Tilia cordata, Corylus avellana,
Euonymus sp. and arboreal Rosaceae.

Below the described Mollisol, the B horizon of
Cambisol ‘pl,,,’ (5.85-6.4 m) is located which differs
by its bright brown colour and prismatic structure
(without glance films on peds surfaces) of the com-
pacted material. It includes less of Coe than the Mol-
lisol, the contents of R,O, and clay particles are the
same as in the A1B horizon of the ‘pl > soil. The B
horizon is overlapped by the Ck horizon of the overly-
ing soil but the spots of the primary material, leached
from carbonates, are traced. The content of dry salts
is much lower than in the overlying deposits. Pollen
spectra of this horizon are of steppe and forest-steppe
types (in the forest-steppe spectrum from the bottom
of the horizon, pollen of Pinus sylvestris, Alnus glu-
tinosa and Betula pubescens is more abundant than
in the steppe spectra). A very few pollen of broad-
leaved taxa are presented in all spectra and include
Quercus, Fraxinus, Tilia cordata, Corylus avellana,
Sambucus, and arboreal Rosaceae. The presence of a
few grains of Carpinus betulus is a special feature.
The NAP composition is similar to that in the over-
lying deposits, but the small peak in Polypodiaceae
spores is observed.

The Tyasmyn unit (6.4-6.8 m) is a light-yellow
loess (in places up to 0.7 m thick), loose, porous, filled
in with carbonates in root casts, with multiple krotovi-
nas. The thin ground wedges in a raw opened from its
lower boundary and dissect the underlying deposits.
The C_, content is low (0.3-0.5 %) and CaCO, con-
tent is high (5-8%). The loess does not differ from the
overlying soils in the contents of R,O, and clay frac-
tion, obviously because of the impact of the following
pedogenic processes on this thin layer, but the sum of
CaO and MgO is higher than in the soils (4%). The
pollen assemblage is dominated by NAP (85-88%)
of the same composition as in the overlying deposits.
The AP (10-14%) consists of Pinus sylvestris (domi-
nates), a few Betula pendula and B. sect. Nanae et
Fruticoase, Alnus glutinosa, and, at one level, a few
grains of broad-leaved taxa (Quercus sp. and Corylus
avellana).

The Kaydaky unit (6.8-14.2 m) includes well-
developed pedocomplexes, pedosediments and gully
alluvium. The upper part of the unit is represented
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by pedosediments of subunit ‘kd, ’ (6.8-8.9 m) — the
alternation of brownish-grey and dark-grey sandy
loams, which includes thin (< 5 c¢m; rarely up to 10
cm) sand layers. The deposits are thinly bedded and
gently inclined downslope. In their upper part, the
pedosediments are penetrated by carbonate pseudo-
mycelium (CaCO, from 7% to 1% downwards), and,
at the level around 7 m, the peak in dry salts content
(mainly calcium sulfates) occurs. Below this level,
the content of dry salts in the Kaydaky unit is very
low. The content of Coe increased downwards (up to
1.2%) in parallel with the predominance of dark-grey
re-deposited soil material. The contents of R O, and
clay fraction is lower than in the overlying and un-
derlying soil deposits because of a strong increase in
sand fraction in the pedosediments.

There is no point in establishment of pollen as-
semblages in pedosediments as they include re-de-
posited pollen. Nevertheless, two palynologically
different parts of these pedosediments are traced. The
upper brownish-coloured beds (6.8-7.8 m) has the
very low AP (4-9%), represented mainly by Pinus
sylvestris (a few grains of Alnus, Betula and Quer-
cus). The percentages of Chenopodiaceae pollen here
are the same as in the overlying deposits. The lower
darker-coloured beds (7.8-8.9 m) are richer in AP (up
to 21%) which includes Alnus, Betula, Quercus, Ul-
mus, Corylus, Euonymus and Elaeagnaceae. The per-
centages of Chenopodiaceae in the NAP are less than
in the overlying deposits.

In the excavation, located higher up in the course
of the ravine, the pedosediments above the Kaydaky
pedocomplex are absent, and the latter is overlain by
the incipient soil ‘kd, ’ (0.3 m thick). It is light-brown
in colour, not-compacted, and dissected by the wedg-
es filled in with the Tyasmyn loess (up to 0.2 m in
width in their upper part and 0.7 m in depth). The Coe
content in the soil is low (0.6%), as well as that of dry
salts, whereas the content of CaCO, is high (7%). The
pollen assemblage of the incipient soil is dominated
by NAP (75%), in which the percentages of Cheno-
podiaceae, Asteraceae and the sum of other forbs are
approximately equal. Pinus sylvestris dominates the
AP, but pollen of Alnus glutinosa, Betula pubescens,
B. pendula, Quercus sp., Tilia cordata and Euonymus
Sp. occur.

In the main excavation, the Mollisol ‘kd,
(8.9-9.4 m) is partly truncated by the overlying pe-
dosediments but still has very high contents of C
(1.2-1.3%) and RO, (12-14% %). It is leached from
carbonates and dry salts. The soil material is dark-grey
silty loam, loose, with granular-crumbly structure,
and the gradual transition downward. Higher up in the
course of palaeogully, this soil is 0.8 m thick, with A1

and A1B horisons. The A1 horizon is penetrated by
the secondary carbonate pseudomycelium which dis-
appears downward, but in the lowermost part of the
A1B horizon, the own carbonate horizon of the soil is
located (large spots of loose carbonates). The pollen
assemblage of the truncated leached Mollisol is of a
forest-steppe type (AP 23-33%, NAP 50-52%, spores
17-25%). The AP is dominated by Pinus sylvestris
but differs from all overlying deposits by the higher
percentages of pollen of broad-leaved trees, particu-
larly of Quercus robur. A few grains of Tilia cordata,
Corylus avellana, Cornus mas and Juglans regia are
present. The other AP includes Alnus glutinosa, Betu-
la pubescens, and one pollen grain of Picea occurs in
the uppermost soil bed. In the NAP, the percentages
of Chenopodiaceae pollen decrease (20-35%) as com-
pared to the overlying soils. The maximum of Polypo-
diaceae spores (up to 15-20%) is observed.

The soil ‘kd,,,’ (9.4-10.2 m) is a Luvic Greyzem-
ic Phacozem, completely leached of carbonates. The
A1E horizon (9.4-9.5 m) is a grey loose silty loam,
with SiO, powder. The E(Bth) horizon (9.5-9.8 m) is
whitish from SiO,, with the lenses completely filled
in with it. Prismatic structures occur rarely. The Bth
(9.8-10.2 m) horizon is dark-brown, compacted, with
perfectly developed blocky-prismatic structure, with
glance colloidal films on the ped surfaces. The dark
colour of these films indicate translocation of or-
ganic matter, together with clay particles and R,O,.
The visual signs of eluviation-illuviation in the soil is
confirmed by the analytical data. The content of clay
fraction in the Bth horizon is 12% larger than in the
E horizon, and the content of R,O, follows the same
pattern. The content of C_ is equally high (0.9%) in
A1E and Bth horizons that testifies its translocation.
The sum of CaO and MgO is very low (1.5-2%).

Pollen spectra from this soil are of a forest-steppe
type, and one bed of the Bth horizon has pollen spec-
trum of a forest type (AP 63%, NAP 30% and spores
7%). Pinus sylvestris dominates the AP, particularly in
the forest spectrum. Pollen of small-leaved and broad-
leaved trees is well noticeable. The broad-leaved taxa
include pollen of Quercus robur, Carpinus betulus,
Tilia cordata and Corylus avellana. Pollen percentag-
es of Chenopodiaceae remain not significant, whereas
Polypodiaceae spores are noteworthy.

The ‘kd,,’ soil (10.2-11.1 m) is a Luvisol, which is
characterized by a stronger clay translocation than the
Phacozem but without organic matter illuviation. The
A1E horizon is a very thin (10.2-10.3 m) and trans-
formed by translocation processes from the overlying
Greyzemic Phaeosem, but the SiO, powder from the
primary pedogenic processes is present. The Btf hori-
zon (10.3-11.1 m) is bright-ochre-brown, with a kind
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of marble-like colouration, prismatic, compacted,
with orange-brown glossy films of the ped surfaces,
with punctuations of Fe-Mn hydroxides, and with a
very small content of C_ . The redistribution of clay
fraction and R,O, is well-expressed, and their con-
tents are rather high, despite this soil was formed on
sandy deposits.

The pollen assemblage of the soil includes 23-
35% of AP, 53-66% of NAP and 6-12% of spores.
Only the lowermost bed of Bth horizon has a steppe
type spectrum (AP 13%, NAP 84%, spores 3%). This
fact can be a result of transformation of the upper bed
of the underlying subunit by translocation processes.
The AP, besides pollen of Pinus sylvestris and small-
leaved trees, includes pollen of broad-leaved taxa —
Quercus robur, Tilia cordata, Ulmus, Acer, Fraxinus,
Corylus avellana, and one pollen grain of Juglans
regia. Pollen of bushes also includes Euonymus, Vi-
burnum and Sambucus. In the upper part of the soil,
pollen of Chenopodiaceae practically disappears, and
pollen of forbs reaches its maximum.

The ‘kd,’ subunit (11.0-14.2 m) is represented
by the palacogully alluvium — bedded sandy silts and
sands, which sloping the same direction as the modern
gully thalweg does (but with much larger inclination).
The thickness of the beds varies from 3 to 20 cm. The
sands are yellowish-brown, mainly small-grained,
though, in places, coarse (particularly at the base of
the subunit). The loams are greyish-brown, sandy,
with manganese punctuations. The lower boundary
is sharp, erosional, cut into Cretaceous rocks. The
brown loamy beds can be slightly enriched in R,O,
(up to 12%). The subunit includes two pollen assem-
blages, both with pollen spectra of a steppe type. The
upper one ‘kd, * (11.0-12.4 m) has very high percent-
ages of Chenopodiaceae pollen (up to 77%), whereas
the AP includes only Pinus sylvestris and a few Alnus
glutinosa, Betula pubescens and arboreal Roasaceae.
The lower assemblage ‘kd, * (12.4-13.8m) is charac-
terized by the high percentages of spores (up to 29%),
the occurrence of a few pollen of broad-leaved trees
(Quercus and Corylus) and the smaller percentages of
Chenopodiaceae pollen than the overlying subunit.
Interpretation. At the beginning of Kaydaky times,
strong erosion caused an incision in the Cretaceous
chalk, and intense accumulation of the gully alluvium
started. Judging from the inclination of bedded sands
and silts, as compared to that of the modern thalweg,
the palacogully slope was sharper than at present. Pol-
len data indicates that the incision started at a time
when the first broad-leaved taxa (oak and hazelnut) ap-
peared in the vegetation, Polypodiaceae ferns spread,
as well as plants of Chenopodiaceae, though they
were less abundant than later. This phase can be com-
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pared with the time span ‘kd, ’ in other areas, a period
at the transition from the penultimate glaciation to the
last interglacial (Gerasimenko, 2006). The upper part
of the gully alluvium, less enriched in R,O, and clay,
was formed in a treeless area (only a few alder near
the river and Rosaceae bushes in the gully). Ferns al-
most disappeared, and Chenopodiaceae plants became
most abundant. All of these indicate a much more arid
and cooler climate than during the preceding phase.
The same climatic dynamics are revealed in Central
Ukraine during the second phase of the pre-temperate
stage of the last interglacial — ‘kd ,’ (Gerasimenko,
2006). A parallel can be traced between these phas-
es and the Allered interstadial and the Young Dryas
stadial, which preceded the beginning of the modern
Holocene interglacial. It has been proved (Sidorchuk
et al., 2008) that the incision of Holocene rivers and
gullies also started during the transition from the last
glaciation to the modern interglacial. The last phase
of the pre-temperate stage of the interglacial — ‘kd '~
is indicated by the pollen found in the lowermost bed
of Btf horizon of the ‘kd,, * Luvisol. At that time a
few oaks re-appeared and Chenopodiaceae became
much less abundant, which indicates some increase in
warmth and humidity.

The temperate stage of the interglacial had start-
ed by the time the erosional processes in the gully
stopped, and soils developed under the woodland,
whose spread obviously was larger than at present. Al-
der and Betula pubescens framed the river course; and
pine appeared on the sandy and chalky rocks. Diverse
broad-leaved trees (oak, elm, lime-tree, maple, and,
later on, ash-tree and walnut), as well as mesophilic
bushes (such as hazelnut, spindle-tree, viburnum and
elder) grew in the gully. The minimum of Chenopo-
diaceae and the maximum of forbs indicate that the
upper parts of slopes and the plateau were covered
by mesophytic steppe. During this time translocation
processes developed in the Luvisols. The climate was
warmer and much more humid than at present. This
phase, ‘kd,,’, is related to the first (early temperate)
climatic optimum of the interglacial. During the next
phase, ‘kd,,’, some humus accumulation started,
forming the A1E horizon of the Luvisols, and there
was a decrease in the diversity of broad-leaved trees
(oak dominated). This phase might reflect some cool-
ing (indicated by the disappearance of walnut).

The next phase in the development of the veg-
etation is revealed in the lowermost bed of the Bth
horizon of the Greyzemic Phaeozem. It was marked
by the maximum spread of pine in the area, probably
controlled by the enlargement of chalk exposures in
the slope of the River Donets. The presence of eroded
slopes is also evidenced by the increase in Chenopo-
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diaceae pollen and the appearance of Elaeagnus an-
gustifolia. The relatively high content of coarse silt
(‘loess fraction’) at this level (33%, as against 16-
19% below) indicates the strengthening in the region
of aeolian processes. The new silt input allowed the
Phaeozem to develop without transforming the under-
lying Luvisol with its translocation processes. During
this time, the areas with broad-leaved woods became
smaller, and they consisted only of oak and lime. All
of this indicates the increase in the continentality of
the climate during the short *kd,’ time period.

During the formation of the Greyzemic Phaeo-
zem (the phase‘kd,,’), erosional processes lessened,
and the gully was occupied by broad-leaved taxa —
oak (dominant), hornbeam, hazelnut and walnut. Che-
nopodiaceae became much less abundant, and ferns
and club-mosses spread. It was the second (late tem-
perate) optimum of the interglacial, with a warmer
and wetter climate than nowadays. At present, horn-
beam does not grow in Eastern Ukraine. The ‘kd,,,’
Mollisol has a strong humus accumulation, which
could not have formed under a forest canopy. Thus,
the gully slope studied was covered by herbs and
grasses. Broad-leaved trees (oak and lime) and ferns
grew at the gully bottom. The change in pedogenic
processes and the disappearance of highly mesophilic
arboreal taxa indicate that the interglacial climate be-
came drier, but it was still more humid than at present,
as modern Mollisols are not leached.

The end of the interglacial (the post-temperate
stage) is not well recorded in the studied sequence be-
cause of the affect of erosional processes, followed by
accumulation of pedosediments ‘kd,’. Nevertheless,
changes in lithology and pollen enable one to trace
the trend in environmental development. The lower
pedosediments is similar to the material of the ‘kd, ,’
Mollisol in both the content of Corg‘ and the absence
of CaCO, but it differs significantly in its impover-
ishment in clay and, particularly, in R,O,. The lat-
ter features were controlled by erosional processes,
which are clearly indicated by the increase in the
sand fraction, as well as the sharp increase in ruderal
plants, particularly Chenopodiaceae. The upper pe-
dosediments were not formed as a result of the re-
deposition of ‘kd,’ soils, as they have a high content
of carbonates and, in their uppermost beds, even of
dry salts. The pollen data demonstrate that these de-
posits were accumulated in treeless landscapes (only
a few oak occurred in the gully). Chenopodiaceae
or Asteraceaec dominated the steppe associations. A
study of the chemistry and pollen of the poorly devel-
oped ‘kd, ’ soil, located higher up in the course of the
palacogully, give evidence that these pedosediments
were formed through re-deposition of the material of

the ‘kd, ’soils. Thus, in the studied area, the very end
of the interglacial and the transition to the early gla-
cial was very arid and rather cool.

During Tyasmyn times, soil formation ceased at
the site despite the fact that at first the vegetation’s
composition was similar to that during the ‘kd,’
phase, with a few oak and hazelnut persisting in the
gully. Erosional processes weakened, as it evidenced
by the decrease in sand (8-28%) as compared with the
upper ‘kd, ’ pedosediments (47-50%), and an increase
in the input of coarse silt. The intense accumulation
of carbonates indicates an arid climate (though some
of them were a result of CaCO, leaching from the
overlying soil). The area became treeless (only some
pines on chalky rocks and a few alder near the water).
Chenopodiaceae and Asteraceae dominated steppe
vegetation, whereas the role and diversity of forbs
significantly diminished. Later on, the arid climate
became cold: a few shrub birches grew, and broad-
leaved taxa completely disappeared. The fissures in
raw, dissecting the underlying deposits, indicate deep
seasonal freezing of the ground, under a severe conti-
nental climate.

Several drastic environmental changes character-
ized Pryluky times. A first phase, ‘pl,, ’, was marked
by formation of a Cambisol. Clay weathering and
leaching of carbonates, typical for this soil, indicate
a relatively warm climate, which provided moisture
in the gully. Arboreal vegetation grew here, where-
as steppe occupied the plateau. Forbs became more
abundant and diverse than during Tyasmyn times,
though Chenopodiaceae still dominated in the eroded
parts of the slope. The few trees in the gully included
oak, lime, ash, and hornbeam, with ferns growing un-
der them. The existence of mesophilic trees and the
spread of mesophytic herbs and ferns indicate a semi-
humid climate, which was wetter than at present.

A Mollisol formed during the next phase ‘pl,,,’.
As compared to the Cambisol, it differs by its en-
richment in humus, the relatively high position of its
carbonate horizon, and the lower content of clay and
R,O, in its A1 horizon. The prismatic structure in its
Bk horizon may indicate that it was formed in the ma-
terial of the preceding Cambisol. The plateau around
the gully was completely treeless. Low percentages of
pine pollen do not allow one to surmise the growth of
pine trees in the vicinity of the site, as a long-distance
pollen transport much be inferred. A very few oak,
lime and hazelnut grew near the bottom of the gully,
but not in the studied site. The more extensive spread
of xeric herbs and less abundant broad-leaved species
that are found now indicate that the climate of that
time was somewhat cooler and drier than today.

The formation of a loess-like bed during the
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phase ‘pl,’ reflects further aridification. Humus accu-
mulation stopped, and the content of coarse silt in-
creased, the opposite trend to that of clay particles.
Only alder and Betula pubescens grew near the water,
and a few Rosaceae bushes on slopes. Xerophytiza-
tion of steppe coenoses is reflected in the spread of
Chenopodiaceae and lesser numbers of forbs. The
humus ‘tongues’ along the lower boundary of the un-
derlying soil, as well as thin fissures in raw, dissect-
ing the soil’s upper boundary, indicate a continental
climate with dry summers and very cold winters. The
next phase, ‘pl,, ’, is represented only by the remnants
of a Cambisol, its B horizon, overprinted by the Ck
horizon of the overlying soil; and its own carbonates
are deeply leached from the soil profile. In general,
the content of carbonates is lower and that of R,O,
higher than above and below in the section, which
indicates some clay weathering. The change in the
vegetation, as compared with the preceding phase, is
rather distinct. The spread of forbs and a lessening
of Chenopodiaceae indicate that mesophytic steppe
occupied the plateau. A few broad-leaved trees (oak,
elm, maple, and lime) appeared in the gully, and pine
grew on chalk rocks. The semi-humid steppe climate
was similar, but somewhat drier, than that of phase
‘pllbl,'

The palaeosol developed during the phase ‘pl,,’
is less enriched in humus than the ‘pl,,,’ Mollisol, and
it has a larger content of CaCO, and the higher po-
sition of carbonate horizon. Calcium sulphates and
potassium hydrocarbonates were deposited during its
formation, but, later on, they were washed downward.
The rather high content of R, O, is inherited from the
underlying soil. The ‘pl,,,’ soil was formed in a tree-
less steppe, dominated by Chenopodiaceae on the
eroded slopes, and with more grasses on the plateau
than during the preceding phases, when forbs were
more important. Pine grew sporadically on chalk. It
is suggested that the ‘pl,, )’ soil is a kind of Kashtano-
zem, with weak, deep solonization. Such soils form in
an arid climate.

The deposits of Uday times are truncated, as evi-
denced by the erosional level at the base of the Vytachiv
unit. In the lower reaches of the gully, the light-brown
coloured Vytachiv alluvium is exposed, overlain by
the thick Bug loess. In the studied section, the Uday
loess survives only in deep ground wedges that dissect
the Pryluky soils. Smaller humus ‘tongues’, filled with
‘pl,,,” Kastanozem at the lower boundary of this soil,
demonstrate the first phase of frost wedging that oc-
curred at the beginning of the Uday times. Later the
soil was affected by stronger wedging under a conti-
nental climate, with very severe winters.

At the beginning of Wtachiv times, lessivage
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processes developed in the Cambisol (with the re-dis-
tribution of R O, and clay within the soil profile). In
this time, mesophytic steppe covered the plateau. Pine
spread on the chalk, and groves of small-leaved trees
grew in the gully, with a rich ground cover formed
from club-mosses and ferns. The appearance later of
oak, a few hazelnut and spindle-tree indicates that
the climate became warmer (the south-boreal). At the
same time, the sharp decrease in mesophytic herbs
and, particularly, the disappearance of spore plants
and the extensive spread of herbal xerophytes on the
steppe show that the warming was followed by aridi-
fication. Trees retreated in the lower part of the gully,
whereas in the studied locality, calcium carbonate
accumulated and transformed the leached soil in the
Calcaric Cambisol ‘vz,’. Thin fissures, opening from
the top of this soil and infilled with loess, indicate a
further increase in climatic continentality, obviously
during the ‘vz, phase, represented in the other section
by a thin loess bed (Gerasimenko, Pedanyuk, 1991;
Gerasimenko, 2010). During the ‘v¢;” phase, a typi-
cal Calcaric Cambisol was formed under the steppe.
The role of xeric herbs and grasses was larger and that
of forbs smaller than during ‘v¢,” soil formation. The
climate was arid, but not cold. Pine disappeared from
the slopes, but in the wet gully, buckthorn and a few
broad-leaved species (elm, lime and hazelnut) grew.
Both phases of Vytachiv soil formation were relative-
ly warm.

During Bug times, pedogenic processes ceased,
and coarse silt (‘loess fraction’) accumulated much
more than in the underlying soils. The enrichment
in CaCO, and impoverishment in R O, indicate an
arid and cold climate. The area was treeless (only a
few alder and Betula pubescens grew near the river).
Xeric herbs in the steppe vegetation reached their
maximum. Nevertheless, the phase, represented in the
studied section (dated to 26+£3 ka BP), was not the
coldest of Bug times. The absence of cryoturbations
and of pollen of arcto-boreal plant species does not
allow the interpretation of a periglacial climate.
Conclusion. Studies of lithology and palynology ap-
plied to deposits at Kryva Luka have demonstrated
multiple short-period environmental and climatic
changes during the Late Pleistocene. The palacogul-
ly’s sediment trap was also a pollen trap, and this pol-
len allows reconstruction of short-lasting phases in
vegetational development. Usually it is not an easy
task to interpret palynological assemblages from
steppe coenoses. On the other hand, the position of
the section in a palaeogully, where intense erosion
occurred on its slopes, caused an over-representation
of pollen from ruderal plants (particularly Chenopo-
diaceae) that had has to be taken into account when
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interpretating the palynology.

The interglacial climate, which was warmer
and wetter than now, existed only during Kaydaky
times, when Luvisol and Greyzemic Phacozem de-
veloped on the slopes of the gully. The modern
southern limit of disconnected patches of Greyzemic
Phaeozems extends to more than 200 km north from
Kryva Luka. In the climatic optima during Kayda-
ky times, the area was located in the forest-steppe
realm, with the highest Late Pleistocene incidence
of broad-leaved species. Mesophilic hornbeam oc-
curred in woodland. The southern limit of its distri-
bution is now located about 450 km north from the
studied locality. Thermophilic walnut grew sporadi-
cally, and its occurrence in the vegetation of Kay-
daky times has been recorded elsewhere in Ukraine
(Sirenko, Turlo, 1986; Bolikhovskaya, 1995; Gera-
simenko, 2010). Pollen assemblages from the site,
located in the modern steppe belt of eastern Ukraine,
differ from the typical last interglacial succession in
western and northern Europe, in having large per-
centages of herbal pollen. Nevertheless, considering
the succession within the AP in the lower and middle
part of the Kaydaky unit — Pinus+Betula+Alnus —
Pinus+Quercus — Quercus+Ulmus+Tilia+Corylus
— Quercus+Carpinus+Tilia — Pinus+Alnus+Betula
+Picea — Pinus+Alnus+Betula, one can see the simi-
larity with the last interglacial succession. Thus, we
correlate Kaydaky times with the last interglacial,
as has been suggested previously (Rousseau et al.,
2001; Gerasimenko, 2006; Matviishina et al., 2010;
Haesaerts et al., 2016), though a contrary opinion has
been also suggested in Ukraine — on a correlation of
early Pryluky time with the MIS Se (Gozhik et al.,
2000; Boguckyj et al., 2002; Lindner ef al., 2006).

According to the data obtained from the Kryva
Luka site, forest soils and forest vegetation never
spread in the area as extensively as they did dur-
ing Kaydaky times. During later phases of soil for-
mation (‘pl, ’°, ‘pl,,’, ‘pl,,’, ‘vt and ‘vt,”) broad-
leaved species rarely grew in wooded gullies, though
they did not occur during the driest pedogenic phase
(‘pl,,,"), when Kastanozems formed. Hornbeam grew
sporadically in the gullies during ‘pl,, °, when Cambi-
sols formed on their slopes. All the above-mentioned
phases of soil formation are related to interstadials,
with that of the ‘pl > phase having had the mildest
climate. TL-dates of 75.0+4 ka BP and 57.5+3 ka
BP were obtained from the Uday loess unit and the
lowermost soil of the Vytachiv unit, respectively, and
90+5 ka BP from the Tyasmyn unit in other sites in
the western Donetsk area (Gerasimenko, Pedanyuk,
1991; Gerasimenko, 2011). Thus, the Pryluky inter-
stadials are compared with those of MIS 5, whereas

the interstadials of Vytachiv times are correlated with
MIS 3.

Stadials, represented by loess beds, are those
from Tyasmyn, middle Pryluky and Bug times. Pol-
len of broad-leaved species is absent in these depos-
its. It is also absent in the other two levels — between
subunits ‘vt,” and ‘vt ’, and within subunit ‘pl, .. The
same have been revealed in the other east Ukrainian
sites (Gerasimenko, Pedanyuk, 1991; Gerasimenko,
2006, 2010) that enables the suggestion on the exis-
tence of stadials at the corresponding times — ‘vt,’,
and between ‘pl, > and ‘pl ° phases. Cryoturba-
tion and desiccation fissures were formed during the
aforementioned phases, indicating a cold continental
climate. Nevertheless, cryoturbation types and their
sizes, and the absence of pollen of arcto-alpine species
(with the exception of one level within the Tyasmyn
unit), do not allow the reconstruction of permafrost in
the studied area. The absence of pollen of cryophytes
in the other sections of the Donetsk area (Artyushen-
ko et al., 1973; Gerasimenko, 2011) enables the sug-
gestion to be made that during these stadials, ground
wedges developed in deeply frozen soils under a very
severe winter climate.

The comparison of palynologically based veg-
etation reconstruction with the lithopedosequence at
Kryva Luka, characterized by an intense sediment
accumulation and pedogenic processes, demonstrates
the very good correspondence in the palaeoclimatic
interpretations derived from the palacosol types and
the reconstructed vegetation. The direct correlation
between characteristics of the palaesols and the com-
position of the coeval vegetation, which is one of
the most important factors affecting soil formation,
proves the importance of palaeosols as reliable pal-
acoenvironmental and palacoclimatic indicators.
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methodologies have been applied in the study of several excavations at the Sokyrnytsya
1 and Ruban’ sites. Intense translocation processes (during formation of Luvisols and Albic Luvisols) during Late Pleistocene warm
phases and Holocene, frequently transformed the material of underlying cold-phase non-soil sediments. The last are revealed in the
lower horizons of palacosols by their pollen assemblages, indicative of a periglacial climate, and by the levels with cryoturbations. The
pollen succession of the last interglacial is found in the well-developed Kaydaky Luvisol. The presence of beech growing during the
second half of the interglacial is a special feature of Transcarpathia. Above, two interstadials and two stadials are revealed in the early
glacial. At Sokyrnytsya 1, Middle Palaeolithic first appeared at the very end of the last interglacial (when boreal forests dominated),
and it is traced through sediments of the early glacial interstadials. The small collections of artefacts and the absence of specialized
features on them do not allow them to be assigned to a specified technological-typological complex. During the interstadials of the early
glacial (‘pl1” and ‘pl3’), Luvisols and Cambisols developed beneath woodland, dominated by pine, but with admixture of deciduous
trees, under a south-boreal climate. The cultural level at Ruban’, located in the transitional horizon from the late Pryluky soil to the
Uday loess unit, is related to the Quina-type industry. Its analogues are quite common in Western Europe, but up to now have not been
known to the east of the Carpathians. At that time, broad-leaved trees disappeared; the climate became cooler and drier. The presence of
dry seasons is indicated by a level with abundant Fe-Mn concretions. At Sokyrnytsya 1, the Early Upper Palaeolithic non-Aurignacian
cultural level is found in the Vytachiv unit (Middle Pleniglacial, around 38 - 39 ka BP). It is characterized by a technological-typological
complex which has its analogue only in Eastern Europe (Kostenki XIV). In Vytachiv times, woodland, dominated by small-leaved trees,
alternated with open landscapes of forbs and sedges. The climate was transitional from south-boreal to boreal. The Upper Palacolithic
level, which also is not related to a distinctive culture, is located above the level of the Bug (Late Pleniglacial), cryoturbations which
deeply dissect the Vytachiv unit. The presence of both West European and East European archaeological industries and the exceptional
palaeoenvironmental features of the studied area demonstrate its importance in the European context.

Key words: lithopedostratigrpahy, palynology, short-period environmental phases, cultural levels.

IIpuponni 3MiHM BHPOJOBK CEepPeAHLOI0 i PAHHLOIO0 BEPXHBOIO mnajgeoairy y Bepxnbo-
TucHeHcbKkiil yaorosuni, Ykpaina (crosakn Coxkupuunus 1 i Py6ann)

H. I'epacumenko', JI. Kynakoscbka?, B. Yeik?, O. Borsikosa?

'Kuiscokuil nayionanvnuil ynieepcumem imeni Tapaca Ilesuenxa, Kuis, Ykpaina, e-mail: n.garnet2@gmail.com
2[nemumym apxeonoeii, Hayionanvna Axademis nayk Yxpainu, Kuis, Ykpaina

AHoTanisi. PEeKOHCTPYKIisi KOPOTKONEPIOMMYHNX 3MiH MAICOEKOJIOTIYNX YMOB CEPEIHBHOr0 i PAHHBOTO BEPXHBOTO MAJICOJNITY y Me-
xax Bepxupo-TuChKOI 3ana I BUKOHAHA HA OCHOBI CTpaTHrpadidHOro, IMaxeone0JI0r i YHOr0, MaTiHOJIOTIYHOTO Ta apXEOIOTIHOTO
BHBYCHHS ITi3HBOIUICHCTOICHOBUX BifKIIaAiB OararomapoBoi cTosHKH COKMPHUIA | 1 cepeqHBOMAICONITHYHOI CTOSHKU PyOaHb, a
TaKOX TOPIBHAIBHOTO aHANI3y Pe3yJbTaTiB iXHBOTO JOCTIDKEHHS 13 MarepiallaMH 3 OJHOBIKOBHX CTOSHOK MPUJICIIHAX TEPUTOPIM.
Bcranosneno crienudivyni pucu OynoBU po3pi3iB pailoHy, 3yMOBJICHI TOCTCEIUMEHTALIHHAM MEPETBOPEHHSIM BIIKIIa/IiB XOIOIHUX
eTamiB HUCXITHUMH IPOLECAMHU IPYHTOYTBOPEHHS Mia Yac (opMyBaHHsS OypHX JIICOBHX JECHBOBAHHX i ITiJ30JIUCTO-OypO3EMHHUX
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IPYHTIB HACTYIIHUX TEIIMX eTariB. BUsBIeHa MK YHICTh €KOJIOTTYHUX 3MiH BIIPOJIOBK OCTAaHHBOTO 3JIC/ICHIHHS — YepIryBaHHS TPhOX
IHTepCTaiatiB i3 JicOo- Ta JICOCTEIIOBUMH JaHIIA(PTaMH MiBICHHO-00peabHOTO 1 OOpealbHOTO KIIIMATy 13 cTajiajdaMu, KOJIH TO-
IIMPIOBAJIMCS BIAKPHTI JIaHAMA(TH NepUIIsILiaabHoro Tumy. [IpocTexxeHo crenudiuni pucH po3BUTKY POCIMHHOCTI, NPATaMaHHI
OCTaHHBOMY MiK3NeTHIHHIO y 3akapmarti. Ha crosuani CoxupHuLS | cepeaHbONANeoNITHYHI KyIbTYpHI Iapy BUSBICHO TIOYHHAIOYN
BiJl BEPXIB KalJallbkoro Mi>KIbOJJOBUKOBOTO KIIIMATOJITY A0 BEPXHBONPHIYILKOTO (OCTaHHIN 1HTepCcTaiad paHHbOTO MsAmiany). Ha
crosiHIi PyOaHp y nepexiaHoMy rOpHU30HTI Bi/i BEPXHBOIIPUITYLILKOTO 0 YAaHCHKOT0 KITiIMATOJIITiB BCTAHOBJICHO CEPEAHBOIATICOTI THIHY
ingycrpito tuny Kina, nommupeny y 3axinniit €Bpomni, aje Hapasi He BusiBIeHy Ha cXif Bix Kapnar. ¥V ButadiBcbkomy kirimaromiti (38-
39 T. p. T.) BHSIBIICHO KYJIBTYPHUI AP i3 TEXHIKO-TUIIOJOT YHUM KOMIUICKCOM PaHHBOTO BEPXHBOTO MANICONITY, SIKUH HE HAJICKUTH JI0
opinbsky. [Toni6Hi kommIekcu npoctexkei smmie y Cxinniit €sporni (Kocrenkn XIV).

Kuouosi cnosa: nimo-nedocmpamuepagivnuii ananiz, NAiHON02IisA, KOPOMKONEPIOOUUHA NAle02eoepagiuna emanHicms, KyibnypHi

wapu.

Introduction. The important task of the Quaternary
stratigraphy and palacogeogrpahy is to reveal the
geological age of the Paleolithic cultures and to re-
construct the Ancient Humans’ environments. A com-
parison of environments of the coeval cultures in dif-
ferent parts of Ukraine and the adjacent areas allows
us to find out the impact of environmental changes on
the distribution of the Paleolithic cultures and their
changes in time. The area of Transcarpathia is of a
particular interest in this respect as the connecting
chain between Eastern and Central Europe. The aim
of'this study is to reveal changes in soil-sedimentation
processes and vegetation through the time of Middle
and Early Upper Paleolithic existence in the Upper-
Tysa Depression. The ecotones of this area, transi-
tional between the lowland and adjacent mountains
of the Volcanic Carpathians, are particularly sensitive
to climatic changes, reflected in palacovegetation and
palacopedogenic processes.

By the end of the 1960es, two Paleolithic sites
were known in the Transcarpathia: Mala Gora and
Pavlova Gora (Skutil, 1938). V. Petrun’ (1972) has
gathered the Early and Middle Palaeolithic artefacts
on the surface at Rokosove. The systematic search
for Palaeolithic sites, which had been started in the
Transcarpathia by the team of V. Gladilin in 1969,
has led to the discovery of several dozens of loca-
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tions with Palaeolithic artefacts, and the Molochnyi
Kamin’ Cave and Beregove 1 sites were excavated.
Nevertheless, the archaeological map of the Transcar-
pathia looked much poorer in comparison with the ad-
jacent areas where hundreds of Palaeolithic locations,
including stratified sites, were known. The discovery
of the multi-layered stratified Palaeolithic site at Ko-
rolevo (1974) was a fundamentally new step in the
archaeological study of the region, which is a junc-
tion between the Palaeolithic realms of Central and
Eastern Europe (Kulakovska, 1989; Gladilin, 1985;
Gladilin, Sitlivy, 1990). The site first pointed at the
geological age of the appearance of the early humans
in the area of Ukraine. Ten Palaeolithic levels were
recorded in situ. The collections of stone artefacts
from different levels reflected the great variability
of technical and typological traditions. At present,
eight stratified Palaeolithic sites are known in the
Transcarpathia: Korolevo 1, Korolevo 2, Beregove 1,
Sokyrnytsya 1, Shayan 1, Malyi Rakovets’ IV, Ruban’
open-air sites and the cave site Molochnyi Kamin’.

The first studies in detail of stratigraphy, lith-
opedology and palynology of the Palaeolithic sites
Korolevo 1 and Beregove 1 (Fig. 1) have been ful-
filled by the team of O. Adamenko (Adamenko, Gro-
detskaya, 1987; Adamenko et al., 1989). The multi-
layered site Korolevo 1 is located on the high Lower
Pleistocene terrace of the Tysa. Seven loess
units and six palaeosol units of the Ukrainian
stratigraphic framework (Veklitch et al., 1993)
had been identified there, with M/B bound-
ary located within the lowermost Martonosha
soil. The paleoclimatic implication of the pol-
len data corresponded well with the glacial
(loess) — interglacial (palaeosol) cycles. The
new high-resolution pedostratigraphical study
of Korolevo 1, with the application of OSL-
dating and correlation with MIS, has been car-
ried out by P. Haesaerts and L. Koulakovska
(2006). The Beregove 1 site is situated in the
II¢ (the Late Pleistocene) terrace of Tisa,
and it includes three loess and three soil units

Fig. 1. The sites’ location
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above the alluvial gravels. Pollen data from Vytachiv
unit (the terrestrial equivalent of MIS 3) at Beregove 1
(Yurchenko, 2017) has shown the temporal variability
of the vegetation during this time, which indicates the
existence of two interstadials, with distinct climatic
optima, separated by a stadial. The pedostratigraphy
of the Upper and Middle Pleistocene and palaecogeo-
graphical reconstructions, based on palacopedology,
have been carried out by Zh. Matviishina and S.
Karmazinenko in the multilayered Malyi Rakovets
1V site (Stepanchuk et al., 2013; M.Yamada and S.
Ryzhov, Eds., 2015), which is located on the slope
of the Vygorlat-Hutinsky Ridge of the Carpathian
Mountains, adjacent to the Upper-Tysa Depression.
The Gat’ site is located in the oldest terrace of Tysa,
and it includes 20 units (Gerasimenko, Vozgrin, 2011)
of Ukrainian stratigraphical framework of the Pleis-
tocene. In this section, the Lower and Middle Pleis-
tocene units are represented much more completely
than the Upper Pleistocene, which deposits consist
mainly from welded palaeosols. The complete pollen
succession from the pedocomplex of Pryluky — Kay-
daky units, which are regarded as the terrestrial equiv-
alents of MIS 5 (Rousseau et al., 2001; Gerasimenko,
2006a), was obtained only from the Sokyrnytsya 1-A
site (published in Russian, Gerasimenko, 2006b). The
stratigraphical subdivision of the Sokyrnytsya section
was first fulfilled together with Zh. Matviishina (Usik
et al., 2006). Morphological features of the palaeo-
sols at Ruban’ have been described in Kulakovska et
al. (2018). The significant similarity of the Middle
and Upper Pleistocene pedocomplexes at Korolevo 1,
Sokyrnytsya 1-A and Ruban’, which is demonstrated
in this paper, allows their correlation and the environ-
mental reconstruction for the Middle and Early Upper
Palaeolithic in the Upper-Tysza Depression.

Material and methods. The Sokyrnytsya 1 site was
discovered and excavated in 2000-2004 (Usik, 2001;
Usik et al., 2003-2004). The most important point
Sokyrnytsya 1-A includes several archaeological lev-
els and horizons of findings. The Middle Palaeolithic
Ruban’ site was discovered and excavated in 2005 —
2008 (Kulakovska et al., 2018). The sites Sokyrnyt-
sya 1 (48°7'55"N, 23°24'6"E, 230-240 m a. s. 1.) and
Ruban’ (48°9'29"N, 23°11"18"E E, 206-213 m a.s.l.)
are located in the high Early Pleistocene terraces of
the Tysa River within the Upper-Tysa Depression.
The latter, protected from both sides by the ridges of
the Volcanic Carpathians, is one of the warmest parts
of the Transcarpathia, with the very high annual pre-
cipitation (1000-1500 mm). The modern soil cover
consists of Albic Luvisols and Gleyic Fluvisols, and
the natural vegetation is represented by oak-beech
woods and mesophytic herbal associations. The local

vegetation of the sites is completely changed by hu-
man activity, and it consists of forbs and grasses, sur-
rounded by bushes and ferns. The lithopedostratigrpa-
hic descriptions of both sections have been carried out
according to the Quaternary stratigraphic framework
of Ukraine, based on the stratigraphy of Korolevo 1 as
the reference site (Adamenko et al., 1989; Haesaerts
et al., 2007). The '“C dates in this paper are uncali-
brated.

46 samples, taken with the interval 5 cm from the
Sokyrnytsya I-A section, have been palynologically
analyzed. The sample processing includes those steps:
boiling in a 10% solution of HCI, disaggregation in
a 15% solution of Na,P,O, in order to remove clay
particles, removal of the secondary carbonates with
HCI, boiling in a 10% solution of KOH to dissolve
organic matter, treatment in a heavy liquid (CdI, and
K1, specific gravity 2.0) in order to separate palyno-
morphs from silt particles. Despite the pollen frequen-
cies were low in the majority of the samples, 100-200
palynomorphs were registered in each of them, and
pollen preservation was good. Re-deposited palyno-
morphs were practically absent. Pollen grains were
identified with the aid of pollen atlases (Kupriyanova,
Alyoshina, 1972, 1978; Bobrov ef al., 1983; Reille,
1995). Pollen diagram is represented in Fig. 2, and
these abbreviations are used: AP — pollen of trees and
shrubs, NAP — pollen of herbs, grasses and sedges,
and PZ — pollen zone. The reconstructions of past
vegetation are based on the methodological principles
elaborated by V. Grichuk (1989) and N. Bolikhovs-
kaya (1995). Their studies of surface samples have
proved the under-representation of palynomorphs
of broad-leaved trees in pollen assemblages, which
allows the reconstruction of domination of broad-
leaved trees in the vegetational cover if <20% of their
pollen is counted (from AP sum) in the corresponding
pollen spectrum.

The large thickness of deposits (including loess
units) at Korolevo 1 is controlled by its location in the
palaeogully cutting the old terrace. At Sokyrnytsya
1-A and Ruban’, located on the flat (or gently sloping)
terrace surfaces, sedimentation rates during the Qua-
ternary were much lower, and, thus, the non-soil units
were significantly re-worked by translocation pedo-
genic processes, as it also has been shown in the other
areas of Ukraine (Gerasimenko, 2006a). This is the
reason why the material, which is visually related to
the Btf soil horizons, was, in fact, formed during the
preceding cold phase (judging from its pollen spectra
of a periglacial type, or by the findings of the Paleo-
lithic material). The comparison of palacopedological
and pollen data is most important for the proper pal-
aeoenvironmetal interpretation. In this respect (as no
pollen diagram is available for the Korolevo 1), the
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Sokyrnytsya 1-A site is the key section for the studied
area.

The Holocene (hl). In both Sokyrnytsya 1 site
and the majority of the Ruban’ sections, the Holocene
unit is partly truncated. The complete profiles of the
Holocene soils were studied in a few sections (e.g.
the excavation 3 at Sokyrnytsya 1-A, Fig.3a), where
these soils are undisturbed and represented by a pedo-
complex from the upper Luvisol and the lower Albic
Luvisol. Pollen assemblage of the Al(e) horizon of
the Luvisol corresponds well to the local surface pol-
len sample and the modern vegetational composition.
The characteristic features are the predominance of
spores (57-74%, mainly of Polypodiaceae), the pres-
ence of pollen of herbs and bushes, and very low
percentages of broad-leaved trees (PZ 1, Fig.2a). The
pollen assemblages of soil genetic horizons E(gl),
E(Btgl) and the upper part of Bt(gl) are also dominat-
ed by fern spores, but the AP increases, and it includes
pollen of broad-leaved taxa, particularly Carpinus
and Corylus (PZ 1I). A few artifacts of cultural level
1 are found in situ in the upper part of E(gl) horizon
only in the excavation 3 of Sokyrnytsya 1-A. The ab-
sence of diagnostic features in these artifacts and their
small number does not allow the cultural assignement
of this level.

pe-bg (hi2-E)

vt (h12-Btf)

In the lower part of the Bt(gl) horizon, pollen of
Quercus and Tilia is more abundant than Carpinus,
and some increase in NAP is observed (PZ III). The
Egl horizon of the Holocene Albic Luvisol (Cgl hori-
zon of the upper Luvisol) has abundant Fe-Mn punc-
tuation, and it includes PZ IV and PZ V. In PZ 1V,
pollen of broad-leaved trees disappeared, 4/nus dom-
inates the AP, and Lycopodiales became significant
among the spores. In PZ V, NAP, consisting mainly
from Poaceae and Cyperaceae, dominates; AP in-
cludes Pinus sylvestris and small-leaved trees; Poly-
podiaceae spores disappear. PZ IV and V (Fig. 2b) are
represented in the same soil genetic horizons in the
excavation 1 at Sokyrnytsya 1-A (Fig.4b) where the
upper part of the Holocene pedocomplex is disturbed
by human impact.

The striking difference between PZ IV and V in-
dicates that the material of the lower part of Egl hori-
zon of the Albic Luvisol was formed under different
climatic conditions than its upper part, and, thus, it
has different age. It is confirmed, on one hand, by the
14C date 7,560+150 yrs BP (Usik et al., 2004), indicat-
ing the Holocene age of its upper beds, and, on the
other hand, by the presence in its lower beds of the
cultural level 2 which includes the Upper Palacolithic
artefacts. The small collection from this level and the

hiAl{e)

. hi-E(pe-bg) ; :

Fig. 3. The sections of the Holocene and the upper part of Upper Pleistocene deposits, undisturbed by human impact:
a) the upper part of the Holocene pedocomplex in the excavation 3 at Sokyrnytsya 1-A. The Btf horizon of the lower
Holocene soil is formed in the material of Vytachiv unit; b) the Holocene and Upper Pleistocene deposits in the

excavation of the middle part of the slope at Ruban’.
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Fig. 4. The Holocene and Upper Pleistocene deposits: a) at Ruban’ (the upper part of the slope); b) at Sokyrnytsya 1-A

(the flat surface of the terrace, truncated from the top).

absence of diagnostic features in the artefacts do not
allow its cultural attribution. Prychernomorya-Bug
(pé-bg) units. The domination of NAP, the occurrence
of only boreal trees in the AP of the lower part of the
Egl horizon, the presence of frost fissures, deeply dis-
secting the underlying Vytachiv unit both at Sokyr-
nytsya 1-A and Ruban’ (Fig. 3, 4), and the presence
of the Upper Paleolithic artefacts allow the sugges-
tion that this material was formed under the climate
of a stadial. During the Holocene, it was affected by
eluvial pedogenic processes. At the Upper Paleolithic
site Shayan 1, the similar lithostratigrpahic unit has
been '“C-dated between 19,850+400 and 27,700+800
ka BP (Usik et al., 2004). At Korolevo 1, the primary
loess-like carbonate material is preserved in places
at this level, and it is TL-dated to the Upper Pleisto-
cene (Adamenko et al., 1989). Such ages prove that
the primary material was deposited during the ‘pc-bg’
times. The similarity in the lithomorphology allows
the suggestion that the same horizon at Ruban’ also
was formed during these times.

At Korolevo 1, Sokyrnytsya 1-A and Ruban’,
Vytachiv (vt) unit is transformed by the translocation
processes during the formation of the Holocene Al-
bic Luvisol, and visually it represents Btfgl genetic
soil horizon. The characteristic features of this brown
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horizon is the presence of a huge amount of small Fe-
Mn nodules (in the upper part also Mn films), the mar-
ble-like colouration and the combination of prismatic
structure and platy texture. Films of Mn hydroxide on
the horizontal plate surfaces indicate that the lamina-
tion was formed before mobilization of manganese
in the humid Holocene climate, and, thus, during the
cold ‘pc-bg’ times. It is confirmed by the irregular-
ity both of the upper boundary (see above) and the
lower transition of the unit (‘tongues’ filled with the
soil material). In the main part of the Vytachiv soil
(0.6-0.8 m), AP dominates (PZ VI), consisting mainly
of Betula and Alnus, though pollen of Quercus, Tilia
and Corylus occur. The percentages of spores (28-
31%) are much lower than in the overlying deposits.
The NAP includes mainly Cyperaceae and forbs. The
pollen data indicate that these deposits were formed
during an interstadial. The charcoal from the cultural
layer 3 (0.6-0.85 m at Sokyrnytsya 1-A) yielded elev-
en “C dates indicating its age between 38,200+450
and 42,150+£500 ka, the average date of 38,800+110
(Usik et al., 2004). This allows the suggestion that it
was formed during the Middle Vytachiv interstadial,
dated 38-36 ka uncal ca BP (Gerasimenko, 2006a).
Despite the Vytachiv soils at Ruban’ and Sokyrnyt-
sya 1-A are morphologically similar, their secondary
transformation by the Holocene illuvation processes
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Fig. 5. Sokyrnytsya 1-A, cultural level 3, the Early Upper Paleolithic, tools: 1, 2, 7 — end scrapers; 3-6 — microliths, 8, 10 —

end scrapers/burins; 9, 11-14 — burins.

allows the presumption that the different interstadial
(or interstadials) of the Vytachiv time might be repre-
sented in this level at Ruban’.

In the cultural level 3, mainly quartzite pebbles
were used for reduction. In the collection, there are
samples of andesite raw material, typical for the Early
Upper Palaeolithic at Korolevo 1. The primary flak-
ing is focused on production of blades from parallel
volumetric cores (cylindrical, sub-cylindrical, py-
ramidal, etc.), mainly with a soft hammer. The col-
lection includes the typical crested blades and core
tablets. Burins predominate over end scrapers in the
tool kit. Dihedral burins are more common than those
on truncation. Burins are often multifaceted, made
on massive blanks. End scrapers are represented by
simple type, on retouched blades and flakes, as well as
those combined with burins. The Aurignacian forms
are rare and atypical. Dufour bladelets are absent. Mi-
croliths are made on bladelets and microblades with
lateral and bilateral dorsal retouch. Thus, the level 3
represents the specific Upper Palaeolithic industry.

The lower part of Vytachiv unit at Sokyrnytsya 1-A
(0.8-0.9 m) includes PZ VII (AP 6-20%) which strong-
ly differs from PZ VI by the increase in NAP (21-59%)
and spores (35-66 %), the disappearance of pollen of
broad-leaved taxa and the presence of palynomorphs
of arcto-alpine and arcto-boreal species (Betula sect.
Nanae et Fruticosae, Lycopodium lagopus, Diphazium
alpinum, and, particularly, Botrychium boreale). Pol-
len of Chenopodiaceae first became noteworthy. The
pollen assemblage from the underlying Uday (ud)
unit, represented by a thin light-grey loam, belongs to
the same PZ VII. Thus, the lower beds of Vytachiv unit
(the Bt-Cgl soil horizon) were formed during a stadial
climate of the Uday time, and they have been trans-
formed by pedogenic processes later. The network of
long fissures-in-raw, filled in with the Uday material,
dissects the underlying Pryluky soils both at Sokyr-
nytsya 1-A and Ruban’. The TL-data from the lower
part of the same soil at Korolevo 1 are around 60 ka
BP (Adamenko ef al., 1989) that fits to chronological
attribution of the Uday unit in Ukraine.
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Fig. 6. Sokyrnytsya 1-A, excavation area 1, northern wall, stratigraphical position of cultural levels. 1 - position of

artifacts in the section; 2 — position of the cultural levels.

Pryluky (pl) unit at Sokythytsa 1-A and Ruban’ is
a pedocomplex, consisting of two soil subunits (‘pl,’
and ‘pl’), separated by a thin non-soil loam (‘pl,’).
The level of ground wedges is connected with the “pl.’
subunit (see Fig. 4). Subtypes of the Pryluky Luvisols
depend on their position in palaeorelief but, in gener-
al, these soils are brighter (with reddish-brown tints)
than the overlying deposits, and strongly mottled in
colour (black manganese spots alternate with ochre
iron-hydroxide and bluish-gley spots). At the Sokyr-
nytsya 1-A site, which is located on the relatively flat
surface and topographically higher than the Ruban’
site, the Pryluky soils have short profiles and very
high content of clay particles. These factors caused
the strong surface moistening of the upper beds of
the soil ‘pl,’, which is reflected in the abundance of
thick manganese films on the ped surfaces. The short-
profile Pryluky soils were observed only in the topo-
graphically highest excavation from eleven of them
in the Ruban’ geological profile, stretched along the
gentle slope to the gully, which dissects the terrace.
Downslope, because of the increase in sedimentation
rates, the thicknesses of Pryluky unit became larger,
particularly of ‘pl,* subunit, which consists there of
two soils — “pl, ” and ‘pl, ’. The position on the slope

282

provided the better water drainage of these soils than
at Sokyrnytsya 1-A, and, thus, manganese hydroox-
ides are concentrated in the abundant small nodules at
the top of the thin ‘pl, > Cambisols. The ‘pl,,’ soils are
the thicker Luvisols, with the darker Al(e) horizon
and the bright-brown Btf horizon, and with discrete
relatively small Mn films. In places, the ‘pl,” subunit
is completely dissected by wedges, filled in with the
Uday material.

At Sokyrnytsya 1-A, PZ VIII (1.15-1.4 m) from
the ‘pl,” subunit has a strong predominance of AP (68-
82%). The majority of the AP belongs to Pinus syl-
vestris, though Alnus is rather abundant (up to 20%)
and Picea appears (1-4 %). Only a few pollen grains
of broad-leaved taxa (Quercus, Ulmus, Fagus and
Corylus) occur, whereas in the uppermost level of the
subunit, only pollen of boreal trees is present. Polypo-
diaceae dominate spores, and palynomorphs of arcto-
boreal species disappear. Such pollen assemblage is
typical for a cool interstadial. The artifacts from the
depth 1.20-1.40 m mark cultural level 4. Their mor-
phological features are associated with the Middle Pa-
leolithic techno-complex.

The Middle Palaeolithic cultural level at Ruban’
is located in the top layer of the ‘pl, *soil (Fig. 7). The
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archacological collection from this level contains 953
artefacts, among which quartzite raw material pre-
dominates. The other raw materials are argillite and,
more rarely, andesite. The collection includes cores,
flakes, blades, tools, chips and fragments, indicating
a complete cycle of primary flaking and manufacture
of tools, which took place directly in the location.
The blank production, based on radial, sub-crossed,
orthogonal and Kombeva’s methods, was sed sporadi-
cally. These systems of blank production resulted in
domination of short and thick flake, triangular in a
cross-section. These flakes were used as a main blank
for the majority (52%) of tools. Blades are rare and,
obviously, were produced unintentionally. The strik-
ing platforms of blanks are mainly thick, cortical or
unprepared.

h-Bif (v6)

The collection of tools (5.8% from the sum of
artifacts) demonstrates a definite dominance of the
side scrapers (52%), which are usually represented by
convexes — simple (19%), diagonal (16%) and trans-
verse (4%). The working edge of tools is frequently
formed by the scaled stepped retouch (the so-called
«Quinay, or «Semi-Quinay). Many tools have the so-
called «back», often natural, which presents a striking
platform, or an edge of a core. These types of scrapers
are very similar in design (Fig. 8). The other types of
side scrapers, such as déjeté, double and ventral, oc-
cur very rarely. The collection also includes denticu-
lates (4%), notches (7%) and retouched flakes (27%).
Thus, the Ruban’ site technology can be described as
non-Levallois, non-blades, non-faceted. The analysis

hil-Btf (vt)

Fig. 7. Ruban’: a) position of the subunit ‘pl, ’ in the excavation on the slope, which was truncated by the quarry;
b, ¢ - position of the Middle Paleolithic cultural level in the excavation of the archaeological site (also truncated); d) the

Middle Paleolithic: scapers.
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of the typology (selection of the blanks, secondary
flaking, the ratio of types of tools) allows the assign-
ment of the collection at the Ruban’ to a circle of the
Middle Palaeolithic industries of the Quina type.

The ‘pl,’loam at Sokyrnytsya 1-A includes PZ IX
which differs from PZ VIII by the sharp decrease in
AP (5-11%) compensated by the increase in NAP (58-
64%). Pollen of Picea and broad-leaved taxa is absent.
The NAP consists mainly of Poaceae and Cyperaceae,
though Chenopodiaceae pollen also appears. Arcto-
boreal species of Lycopodiales and Botrychium bo-
reale dominate the spores, and Polypodiaceae are not
present. The ‘pl” Luvisol at Sokyrnytsya 1-A is not
strongly enriched in manganese segregations, but in
the soils at Ruban’, their A1 horizons include a huge
amount of Fe-Mn concretions, which are larger and
more frequent than in the Vytachiv soils. The better
drainage of these Luvisols at Sokyrnytsya 1-A than at
Ruban’ might be explained by formation of the first
ones on the less clayey Tyasmyn loams which are ab-
sent at Ruban’ sections. At Sokyrnytsya 1-A, PZ X
(1.45-1.65 m) from the ‘pl,” soil is dominated by AP
(69-50%), and the spore percentages are larger than
in the ‘pl.” soil (27-51%). Pinus sylvestris predomi-
nates the AP (26-47%), but the percentages of pollen
of broad-leaved taxa are higher than in the ‘pl,” soil
— Quercus and Fagus (each 2-4%) and a few grains of
Carpinus and Ulmus. Pollen of bushes are diverse —
Corylus, Euonymus, Frangula and arboreal Rosaceae.
Polypodiaceae strongly dominate the spores. The cul-
tural level 5 which includes the Middle Palaeolithic
techno-complex is located at the depth 1.53-1.63 m.

Tyasmyn (ts) unit at Sokyrnytsya 1-A is a pale-
grey loam (0.1 m thick) with irregular lower transi-
tion — narrow wedges (0,5 m in depth) and shallow
pocket-like downward intrusions. The narrow wedges
with gleyed non-soil material are also open from the
level below the ‘pl* soil at Ruban’. At Sokyrnytsya
1-A, the Tyasmyn loam includes PZ XI, which has a
very low AP (up to 8%), represented mainly by Betula
sect. Nanae et Fruticosae. The majority of NAP con-
sists of Cyperaceae, Poaceae and Lamiacacae. The
spores are dominated by arcto-alpine Lycopodiales
and Botrychium boreale.

Kaydaky (kd) unit is represented in both sites
studied by the thick Btf horizon of Luvisol (Fig. 4,
8). Ochre-brown colour of the soil indicates the high
content of iron hydroxides that is typical for the warm
facies of Luvisols. Glossy massive reddish-brown
cutans of illuviation cover the surface of blocky-
prismatic peds. Manganese punctuation is much less
abundant than in the overlying deposits. The platy
texture of the soils (up to the depth 0.6 m from their
surface) is of particular interest. The lamellas intersect
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gley spots in the soils, and, thus, they were formed as
the result of cryolamination, which occurred after the
pedogenisis. At Sokyrnytsya 1, the gley spots (up to
0.1 m in width, up to 0.4 m in length) are particularly
prominent, and despite they frequently are vertical,
their horizontal forms also occur, and there is no level
from which they open systematically. Thus, they are
not frost wedges or desiccation fissures. Most likely,
they represent the development of gley processes in
organic remains of the former tree roots.

All PZ from the Kaydaky soil at Sokyrnytsya 1-A
are dominated by AP (50-69%). They are as follows
(from top to bottom). PZ XII from the uppermost part
of the soil differs by the presence of Picea pollen (up
to 9%). It is subdivided into two subzones on the ba-
sis of presence of Abies and the higher percentages of
pollen of broad-leaved trees in the lower part (PZ XII-
A). Broad-leaved taxa are represented mainly by pol-
len of Fagus and Carpinus. Pollen of arboreal Rosa-
ceae is most abundant among bushes. Bryales spores
share dominance with Polypodiaceae, and NAP per-
centages are extremely low (4%). The Middle Palaeo-
lithic level 6 is located at the top of Kaydaky soil (the
depth about 1.8 m).

PZ X1l differs from PZ XII by the increase in pol-
len of broad-leaved trees (20%), Alnus (up to 18%),
and the disappearance of dark conifers. PZ XIII is
also subdivided into subzones — the upper one (XIII-
B) has the maximum of Carpinus and Corylus pollen
(both up to 12%), Tilia platyphyllos and Ericaceae are
present, whereas in the lower PZ XIII-B, the decrease
in Corylus is compensated by the increase in Quercus
pollen. Palynomorphs of Frangula and Viburnum are
noteworthy in both subzones, as well as high percent-
ages of Polypodiaceae spores (up to 39%). The next
PZ X1V has the lower percentages of AP and of pol-
len of broad-leaved trees (10-14%), compensated by
some increase in NAP. In the AP, pollen of Quercus
predominates (3-6%), pollen of Carpinus, Fagus, Ul-
mus, Tilia and Corylus constitute each 1-2%. PZ XV
differs by the further decrease in pollen percentages
of broad-leaved trees (2-6%), represented by Quercus
(predominates), Ulmus and Tilia, by the disappear-
ance of Carpinus, Fagus, and the presence of a few
Picea pollen.

Dnieper (dn) unit is represented as a thin light-
grey loam only at Sokyrnytsya 1-A, but both at Sokyr-
nytsya 1-A and Ruban’, the underlying Luvisol of Za-
vadivka unit is distorted by the posterior cryogenic
structures and textures of the Dnieper time (particu-
larly by the platy textures). At Sokyrnytsya 1-A, the
Dnieper unit includes PZ XVI. The pollen assemblage
from the lowermost Bt-C horizon of the Kaydaky soil
also belongs to this PZ. This indicates that the upper
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a)

beds of Dnieper unit were re-worked here by trans-
location processes of the Kaydaky pedogenesis. PZ
XVI is dominated by NAP (54-59%) which includes
forbs, Cyperaceae, Poaceae and few Chenopodiaceae.
AP (23-31%) consists of Pinus sylvestris and Betula
sect. Nanae et Fruticosae. The spores are dominated
by Bryales and arcto-boreal species of Lycopodiales.
Interpretation. The Middle Palaeolithic first ap-
peared in the Upper-Tysza Depression during the
formation of the soil correlated by P. Haesaerts and
L. Koulakovska (2006) with MIS 7. In Ukraine, the
terrestrial equivalent of MIS 7 is regarded either as
Kyadaky unit (Veklitch ef el., 1993; Gozhik et al.,
2000; Lindner et al., 2006), or as Potyagaylivka unit
(Gerasimenko, Matviishina, 2007; Matviishina et al.,
2010). The latter was earlier considered as the upper-
most soil of the Zavadivka unit sensu lato (Veklitch
et el., 1993) because the Upper Middle Pleistocene
soils in Ukraine frequently are represented by a single
very thick pedocomplex, or by one welded soil. In
Transcarpathia, the Middle Palaeolithic culture has
been discovered in Zavadivka unit at Malyi Rakovets
IV (Yamada and Ryzhov, Eds., 2015). At the Sokyr-
nytsya 1-A site (cultural level 6), the Middle Palaeo-
lithic first appeared at the very end of the Kaydaky

Fig. 8. The lower Pryluky and Kaydaky soils at Sokyrnytsya 1-A (a) and Ruban’ (b).

time, when the formation of the interglacial Luvisols
was finishing. The light pine woods, with ferns in
the ground cover and arboreal Rosaceae in the un-
dergrowth, dominated the landscapes. Spruce and a
few broad-leaved trees (particularly beech) grew in
wet locations. It was the end of the interglacial. The
main features of pollen succession of this interglacial
is similar to that of the Eemian (Mikulian), namely,
the change of Quercetum mixtum by Carpinetum for-
est, the Corylus culmination, the appearance of 4bies
and Picea at the transition between the late-temper-
ate and post-temperate stages of the interglacial. The
Kaydaky soils both at Sokyrnytsya 1-A and Ruban’
show morphological features characteristic for the
much warmer climate than during the formation of all
overlying soils. This facts and stratigraphical position
of this interglacial below the two interstadials, paly-
nologically determined within Pryluky unit, confirms
the suggestion that Kaydaky unit is a correlative of
the Last Interglacial (marine substage 5Se), as it has
been proposed earlier (Rousseau et al., 2001; Gera-
simenko, 2006; Matviishina et al., 2010; Haesaerts
et al., 2016). The other suggestion exists on correla-
tion of Kaydaky unit with MIS 7, and Pryluky unit
with MIS 5 (Veklitch et al., 1993; Gozhik et al., 2000;
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Lindner et al., 2006). At the sections studied in this
paper, Pryluky unit is represented by the two inter-
stadials, which cannot be compared with Kaydaky
unit by the level of development of pedogenesis and
by the abundance in pollen of broad-leaved taxa. The
vegetation of the last interglacial in the Upper-Tysa
Depression had its particular features, obviously con-
trolled by the very high precipitation in this area (the
extensive spread of beech) and high temperatures (the
limited spread of fir and spruce). The spread of beech
during the last interglacial in the Transcarpathia is
also shown in the Korolevo 1 site (Pashkevich, 1984)
and the Gat’ section (Gerasimenko, Vozgrin, 2011).

The sharp reduction in arboreal vegetation oc-
curred during the Tyasmyn time, when sedges, grass-
es and some forbs dominated the landscapes (PZ
XI). Arcto-boreal and arcto-alpine species of birch,
club-mosses and Botrychium grew extensively that
indicates a periglacial climate. The development of
cryogenic processes is reflected in frost wedges and
very well expressed secondary platy cryotexture in
the Kaydaky soils. This time span is correlated with
the first stadial of the Early Glacial (substage 5d).

During the formation of the lower Pryluky soil
(pl), landscapes were dominated by mixed woods,
which included pine, birch, broad-leaved taxa (oak,
beech, hornbeam, hazel) and those bushes as spindle-
tree, buck-thorn and arboreal Rosaceae (PZ X). Ferns
formed the ground cover. Alder grew in the valleys.
The Luvisols were the dominant soil type, and they
were periodically intensely gleyed in the low relief
positions (the Ruban’ site). The climate was rather
warm, as well as during the 1% interstadial of the
Early Glacial in Central Ukraine, where it has been
correlated with substage 5c¢ (Rousseau et al., 2001;
I'epacumenko, 2006a; Haesaerts et al., 2016). The
spread of broad-leaved trees during this interstadial
occurred both in Eastern and Western Europe (Bo-
likhovskaya, 1995; Woillard, 1978). The existence
of Middle Palaeolithic during this time is proved at
Sokyrnytsya I-A (the cultural level 5). The Middle
Palaeolithic cultural layer IV at Malyi Rakovets IV,
located in the brightest reddish-orange part of the Btf
horizon of the welded Pryluky-Kaydaky soil (Ryzhov
et al., 2015), might be also related to this time.

The Middle Pryluky stadial (pl,) was character-
ized by almost complete disappearance of arboreal
vegetation — only a few birches occurred (PZ IX).
The open landscapes were occupied by sedges, grass-
es, arcto-alpine and arcto-boreal club-mosses and
Botrychium. Chenopodiaceae first became notewor-
thy in the ground cover, whereas ferns did not grow.
Depending on the relief, xeric coenoses alternated
with cryomeso- or cryohygrophytic associations. The
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periglacial climate of this 2™ stadial of the Early Gla-
cial (the equivalent of substage 5b) was drier than that
of the 1% stadial. In the Eastern Ukraine, xerophyte
Artemisia dominated during this time (Rousseau et
al., 2001). The soil formation ceased, whereas ero-
sional and cryogenic processes developed intensely
and deformed the underlying ‘pl > soil, particularly in
several localities at Ruban’.

During formation of the upper Pryluky soils
(pl), the landscapes were dominated by light pine
woods, with an admixture of spruce, birch and a
few broad-leaved taxa (hornbeam, oak, hazelnut and
beech). Alder formed the flood-plain woods. The
ground cover of the woods consisted of ferns and
club-mosses (PZ VIII). At the end of the ‘pl,’time,
broad-leaved trees disappeared. This interstadial was
cooler that the preceding one that caused the decrease
in evaporation and the appearance of excessive mois-
ture in the grounds. As the result, mobilization of
manganese occurred in the soils producing abundant
Mn films on the structural plains of peds. The cooler
climate that during the preceding interstadial is also
found in the ‘pl,’soils of Central Ukraine which are
correlated with the 2™ interstadial of the Early Gla-
cial, the terrestrial equivalent of the marine substage
Sa (Roussaeu et al., 2001; Gerasimenko, 2006a). The
climate was transitional from boreal to south-boreal,
but at the very end of soil formation (the phase ‘pl, ),
it became colder, typically boreal. Pedological and
pollen characteristics of the ‘pl,’soils correspond very
well to those of the upper layer of the I soil at Ko-
rolevo 1 (Adamenko et al., 1989; Pashkevich, 1984).
Pollen data from this soil indicate the spread of boreal
forest from pine (including stone pine), fir and larch.
The Middle Palaeolithic existed at Sokyrhytsya 1-A
(the cultural level 4) during the warmer part of this
interstadial. The Middle Palaeolithic cultural level at
Ruban’ appeared at the very end of the ‘pl,” time —
during its coolest phase ‘pl, ’, at the transition to the
cold Uday phase. In Central Ukraine (Roussaeu et al.,
2001; Gerasimenko, 2006a), the ‘pl, * incipient soils
are correlated with the weak Ognon interstadials, es-
tablished by Woillard (1978).

The Palaeolithic collections from the Kaydaky —
Upper Pryluky units at Sokyrnytsya 1-A lack cores.
At the same time, the flakes, produced by hard ham-
mer, have scar patterns (centripetal, convergent, etc.),
the shape and striking platforms usual for the Mid-
dle Palaeolithic. Single tools such as the transversal
convex side scraper (level 4), the simple convex side
scraper with a natural back (level 5) and a flake with
inverse retouch (level 6) are also quite typical for the
Middle Palaeolithic.

The Middle Palaeolithic industry at Ruban’ oc-
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curs in the top layer of the ‘pl, ’ soil. The industry of
this type was first ascertained in France (the site La
Quina). A very specific type of tools of this industry
is a massive scraper with the back and the Quina re-
touch. The working edge of this tool was formed by
several rows of the retouch of a ‘scaled’ type, which
reach a dorsal side of a flake. Thus, a working edge of
this tool is stepped in a cross-section (Bordes, Bour-
gon, 1951). The industry of Ruban’ site is completely
analogous to those of the sites Korolevo I (level II),
Malyi Rakovets’ IV (level 1) and the small collection
from the Rokosovo. Nevertheless, at the Korolevo 1,
this level is located in Uday unit, whereas at Makyi
Rakovets’, it is observed both in the very thin Uday
unit (Stepanchuk et al., 2013, Fig.20) and in the top
layers of Pryluky unit (the same book, fig.34). Thus,
the carriers of the described industry existed in the
Upper-Tysa Depression and the adjacent low moun-
tain ridges from the end of the Pryluky times through
the following Uday times.

During the Uday time, the drastic cooling oc-
curred. The spread of sedges and Botrychium boreale
reached its maximum (PZ VI) in the open landscapes,
where grasses, arcto-boreal and arcto-alpine species
of club-mosses, some forbs and xeric Chenopodia-
ceae also grew. The coenoses were similar to those of
the modern subalpine belt of the Carpathian Moun-
tains but differed by some spread of steppe elements.
The periglacial climate existed that is also confirmed
by the growth of shrub birches and the development
of cryogenic processes. At Korolevo 1, Uday unit is
represented by a thin loess (Adamenko ez al., 1989)
that indicates the development of acolian processes
in the region.

During the Wytachiv interstadial, represented
in the Sokyrhytsya 1-A site (the Middle Vytachiv,
around 38-39 ka BP), forest-steppe landscapes exist-
ed (PZ VI), with domination of south-boreal woods.
The latter consisted mainly from arboreal birches and
alder, with small admixture of pine and broad-leaved
taxa (oak, lime and hazelnut). The forest ground cover
was formed by ferns, and bushes became more abun-
dant than during the pl, interstadial. Diverse forbs
and sedges grew in the open landscapes. Judging
from the pollen data, the climate was drier that dur-
ing the Pryluky interstadials and this is confirmed by
the presence of Fe-Mn nodules in the Vytachiv soil.
They indicate a contrast changes in the precipitation
(Veklitch et al., 1979), and, thus, there existed dry
seasons during this interstadial. The pedological char-
acteristics of the Vytachiv soil at Sokyrnytsya 1-A are
well correlated with those of the I* soil at Korolevo 1
(Adamenko et al., 1989). According to the pollen data
(Pashkevich, 1984), oak-pine forest dominated but the

spread of open landscapes points to some aridity. The
Transcarpathian Lowland was covered by oak-pine
woods, alder groves and meadows from sedges and
forbs (Gerasimenko, Vozgrin, 2011). The presence of
open landscapes favoured the protracted Early Upper
Palaeolithic occupation at Sokyrnytsya 1-A (the main
cultural level 3 of the site).

The rich in artefacts level 3 represents the non-
Aurignacian industry, which is characterized by the
typical Upper Palaeolithic tradition of blade produc-
tion with the system of predominantly parallel uni-
directional reduction, commonly used after the crest
preparation on cores. Rejuvenation of cores with the
so-called ‘core tablet technique’ and the usage of a
soft hammer are frequent. The tool-kits are com-
pletely typical for the Upper Palaeolithic. At the same
time, there are no cores and tool types (“carenated”,
“nosed”, “Dufour”), typical for the Aurignacian, or
their specific ‘guiding’ types that enables allocation
of this collection to the individual culture. At present,
the industry of the level 3 at Sokyrnytsya 1-A can be
regarded as the ‘unspecific’ Early Upper Palaeolithic.
The level 3 by its technical and typological indica-
tors is correlated with level IVb at Kostenki 14 and
the level Ia at Korolevo 1 (Monigal et al., 2006; Usik
et al., 2006). The latter is located in the lower layers
of Vytachiv unit. Thus, the described industry might
exist in the studied area during the Early and Middle
Vytachiv times. The last are correlated with Hengelo
interstadial of Western Europe (Hammen, van der,
1995).

The next phase of environmental development,
represented at Sokyrnytsya 1-A, belongs to a stadi-
al with periglacial climate reflected in the strongest
cryoturbations of the Vytachiv soils and in pollen
data. The last indicates to domination of open land-
scapes with club-mosses, green mosses, sedges and
some Chenopodiaceae (PZ V). At the beginning of the
phase (judging from pollen from the material of the
wedges infilling), ferns still grew but later on, they
completely disappeared. Nevertheless, arboreal birch-
es and alder persisted in the most protected habitats.
As it had been shown above (the chapter ‘Results’),
this phase belongs to the Bug-Prychernomorya times
(MIS 2). The pollen data from the Korolevo 1 site
(Pashkevich, 1984) indicate that around 25 ka BP, the
described area was occupied by sparse conifer woods
(pine and larch). The absence of pollen of arcto-boreal
and arcto-alpine vegetation, which would be expected
for the Late Pleniglacial, might be explained by non-
continuous sedimentation in the sites studied, where
the deposits of the LGM had been truncated. The Up-
per Palaeolithic existed at Sokyrnytsya 1-A at the be-
ginning of the described phase (the cultural level 2).
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The Holocene. The first half of the Holocene
(before 7.5 ka BP) was characterized by the spread
of woods and development of intense translocation
processes which lead to transformation of the mate-
rial of ‘pc-bg’ and ‘vt’ units into the texture-differen-
tiated profile of Albic Luvisol. At Sokyrnytsya 1-A,
the formation of this soil was finished around 7.5 ka
BP, or (more likely) this Albic Luvisol was truncated.
The next phase of environmental development, paly-
nologically detected in the Btf horizon of the upper
soil of the Holocene pedocomplex in excavation 3 of
Sokyrnytsya 1-A (PZ III), was characterized by the
strongest spread of Polypodiaceae ferns, broad-leaved
trees (oak, lime and hazelnut) on the terrace and al-
der groves in the valley. Such strong predomination
of ferns (or herbs) over arboreal vegetation during
the Holocene is normally typical for forest clearance
(Kremeneckiy, 1991; Bezus’ko et al., 2010), which
in this case could occur at the second half of Atlantic
(the Northgrippian). Thus, human impact on the veg-
etation started in the studied area approximately at the
same time as in the belt of broad-leaved forest of the
plain area of Ukraine.

The obtained results demonstrate multiple envi-
ronmental changes in the studied area during the exis-
tence of Middle and Upper Palaeolithic which are well
correlated with those established both in Eastern and
Western Europe (Fig. 9). During the last glacial, the
changes had a cyclic pattern — the alternation of the
interstadials (with south-boreal and boreal climates)
with the stadials (with periglacial climate) during.
The deposits of the LGM and the coldest phase of the
penultimate (Saalian) glaciation are not represented in
the studied section, as well as the Early Atlantic opti-
mum. Nevertheless, the morphological features of the
last interglacial soil indicate that it was formed in the
warmer climate than the ‘hl,” Albic Luvisol.
Conclusion. The area of the Upper-Tysa Depres-
sion is most important both for its archacology and
for palacoenvironmental interpretations. For instance,
concerning the Middle Palaeolithic, industries of the
Quina type are quite common in Western Europe, but
up to now they have been unknown to the east of the
Carpathians (Kulakovska, 2003). The Early Upper
Palaeolithic industry represented at Sokyrnytsya 1-A
has the analogue in Eastern Europe (Kostenki XIV)
but has not been described in Western Europe (Usik
et al., 20006). These facts prove the importance of the
Transcarpathian Palaeolithic in the European context.
The Late Pleistocene and Holocene environments of
the Upper Tysa Depression are also rather specific,
as there are not many areas in Europe that show its
combination of high temperatures and high precipita-
tion during the Pleistocene warm phases and the Ho-
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locene. Intense translocation and gleying processes in
the forest soils of the region frequently resulted in the
transformation of the underlying non-soil deposits,
those accumulated during Pleistocene cold phases.
This lead to the formation of the Pleistocene-Holo-
cene sequences, consisting from welded soils, and this
hampers the stratigraphical subdivision. The frequent
position of archaeological sites on slopes, where ero-
sional processes lead to the truncation of both paleo-
sols and loesses, contributes to the difficulties in inter-
preting the stratigraphy. Thus, the profiles-transects of
the Pleistocene deposits should be studied (like, for
instance, eleven excavations at Ruban”). Pollen study
is a necessary tool in stratigraphical subdivision and
palaeoenvironmental reconstruction, as pollen assem-
blages indicate the primary environments, which ex-
isted prior to pedogenic processes transforming their
parent rocks. The local palacoenvironmental features
are characteristic for the area studied, e.g. the forma-
tion of Fe-Mn concretions at the top of the majority
of the palacosols; the presence of thick films of man-
ganese hydroxides, atypical for the Upper Pleistocene
in other areas; the absence of Mollisols, characteristic
for European plains; the spread of beech during the
last interglacial and early glacial interstadials; lim-
ited growth of fir and spruce as compared to Central
Europe, etc.). Nevertheless the main environmental
phases of the Late Pleistocene in the Upper-Tysa De-
pression are well correlated with those in both Eastern
and Western Europe (Fig.9).

In the sites studied, Middle Palaeolithic first ap-
peared at the very end of the last interglacial, pol-
len succession of which is found in Kaydaky unit,
represented by the most well developed Luvisol (of
the warm facies) in the section. At that time, sparse
pine woods included also some spruce and deciduous
trees (including broad-leaved taxa). The Middle Pa-
laeolithic continued into the early glacial interstadi-
als, palynologically determined in subunits ‘pl,, and
‘pl,’. During the corresponding time intervals, mixed
woods consisted mainly of pine, particularly during
the second interstadial. Among the deciduous taxa,
small-leaved trees dominated over broad-leaved. The
small collections of artefacts from Middle Palaeoli-
thic levels and the absence of indicative features in
them does not allow their assignment to certain tech-
nological-typological complexes.

In the Upper-Tysa Depression, the absence of
Middle Palaeolithic in Tyasmyn and Uday units, and
in Middle Pryluky subunit which were formed in
open periglacial landscapes (beneficial for the Middle
Palaeolithic in the other regions of the plain area of
Ukraine), could be connected with the very high hu-
midity and the very thick winter snow cover. In the
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Fig. 9. Environmental changes in the Upper-Tisa Depression during the Late Pleistocene and Holocene (the study case of
the Sokyrnytsya 1-A site) and the correlation with the glaciochronological frameworks of Western and Eastren Europe.
Legend: a — Luvosil of warm facies, b — Luvisol of temperate facies, ¢ — Gleyed Luvisol of boreal facies, d - Cambisol,
e — Albic Luvisol, f — non-soil loam, g — translocation processes (modified from Gerasimenko, 2006) .

topographically higher and better drained localities Fe-Mn concretions indicates frequent dry seasons.
(at Korolevo 1 and Malyi Rakovets’ [V), the Middle During this time, the Quina Middle Palaeolithic cul-
Palaeolithic artefacts are found in the Uday unit. At ture existed both in the Upper-Tysa Depression and
the very end of the substage ‘pl.’, the horizon of the on adjacent mountain ridges.
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During early and mid Vytachiv times, the reduc-
tion of woodland was balanced by the spread of me-
sophytic steppe. In the woodland, small-leaved trees
dominated over pine and broad-leaved trees (mesoph-
ilous hornbeam and beech were absent). Judging from
the last fact and the greater extent of herbs compared
to ferns, the climate of the mid Vytachiv times was
better for occupation by Palaeolithic people. Early
Upper Palaeolithic (non-Aurignacian) culture of an
unspecific type existed around 38 - 39 ka BP that has
analogues only in Eastern Europe (Kostenki XIV). In
the open landscapes at the beginning of cold ‘pc-bg’
times, Upper Paleolithic cultures existed in the Up-
per-Tysa Depression, but at Sokyrnytsya 1, artefacts
are rare and do not allow their assignment to a specific
cultural type.

During the Atlantic (the Northgrippian), well-
developed Albic Luvisols could be formed only under
woodland, but at the end of this period, forest clear-
ance lead to the spread of ferns. The second half of
the Holocene (the Meghalyan) was marked by the ap-
pearance of hornbeam in the oak-lime woods, where-
as translocation processes still were active in the soils.
During the formation of a humus horizon, the spread
of meadow and mesophytic steppe associations and
the further reduction of the forests in the studied area
indicate the increase in human impact.
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Received: 19.03.2019 Abstract. The data on the lowering of the lower boundary of the Quaternary System below
Received in revised form: 08.04.2019 the Gelasian Stage at 2.588 million years are presented in the paper. In Azov-Black Sea
Accepted: 15.04.2019 basin this boundary takes place within the middle of the Kuyalnikian Regionalstage and

related to the magnetostratigraphic boundary Gauss-Matuyama and should be drawn under
the deposits of the upper Kuyalnikian regionalsubstage, Taman layers of the Akchagylian, alluvium X terrace of the Dnister, Danuba,
Prut rivers, the Haprovian layers of the Priazovie and under sediments of the Siverian stage in the loess-soil series of the Ukraine.
Below there lie the deposits of the Bogdanivkian stage and the lower Kuyalnikian rocks. The deposits of the Lowerkuyalnikian
regionalsubstage, upper and lower Poratian beds and sediments of the Bogdanivkian, Kizlyarkian and Jarkian stage in the loess-soil
series related to Piacencian stage and Upper Pliocene. Kuyalnikian deposits in the Odessa (Kryzhanivka) region are the upper part
of the Upperkuyalnikian regionalsubstage, above the Tamanian beds and correlations with a Beregovian stage in the loess-soil series.
Beginning of the maximum Akchagylian transgression in the Black Sea coincides with a sharp cooling Climate period (2,5-2,6 million
years) and compares with the Middle Akchagylian transgression of the Caspian basin. Signs of the late Akchagylian mollusks at the
basal beds of the Kuyalnikian of the Priazovie requires additional research, as at that time the formation of the lower Poratian deposits
took place in a (with Rugunio lenticularis) Warm climate. The most probable version is the invasion of Akchagylian mollusks during
the cocking in Ajdarian time. The author opinion on the reasoning of the lowering of the boundary and the problems of its use in
geological mapping are also stated.
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IIpo HMKHIO TPAHMII0 YeTBEPTHHHOI CUCTeMHU B A30B0-HopHOMOpPChLKOMY OaceiiHi
[Terpo @. I'oxxux
Tnemumym ceonoeiunux nayx HAH Yxpainu, Kuis, Yxpaina, e-mail: Gozhik@nas.gov.ua

AHoTanisi. B crarTi nmpuBeneHi Marepiaiay 100 3HIKEHHS HIDKHBOI MPaHUII YeTBEPTHHHOI CHCTEMH MiJ BiIKJIAJU rena3ifichbkoro
spycy B 2.588 muH. pokiB. B A3oBo-UopHOMOpcEKoMy OaceifHi sl TpaHHI PO3MIILYETHCS B CEPEANHI KySIIbHHIIBKOTO PEriosipycy i
criBIIaia€ 3 Mar"itocTparurpadidaolo rpanuneto ['ayc-Marysiva i Gyzie IpoBOIUTECS ITi/T BIAKIIaJaMH KySIIbHHIIBKOTO PETiomia’ sipycy,
TaMaHCHKAMH BEPCTBAMH aKdarmiy, amosieM X tepac [uinpa, Jynato, [Ipyra, xanpoBcekumu BepcTBaMu [Ipras3oB’s i i BigkiIagaMu
CIBEPCHKOTO €Taly JEecOBO-TpyHTOBOI cepii Ykpainu. Hmxkde 3amaraiors BigkIaan OOTAaHIBCHKOTO €Taly Ta HIDKHBOKYSIIBHHUIIBKI
BifkIaau. BifkiaaaM HIKHBOKYSUIBHHUIBKOTO PETiomNia’sipycy, BEPXHBO- 1| HH)KHBOIIOPATCHKUX BEPCTB, OOTAaHIBCHKOTO, KM3UISIPCh-
KOTO i SIPKiBCBKOTO €TaIliB JIECOBO-TPYHTOBOT Cepil CIIBCTABISIOTHCS 3 11’ SUSHIICBKUM SIPYCOM 1 BiTHECEHI 10 BEPXHBOTO ILTIOLEHY.
Kysuipauneki Binknagu paiiony M. Oneca (KpmkaHiBka) CKIIaJaloTh BEPXHIO YaCTHHY BEPXHBOKYSUIBHHUIIBKOTO periomix’spycy (Has
TaMaHCHKUMH BEPCTBaMH) i CIIIBCTABILSIIOTHCS 3 6EPEriBCHKUM €TaIloM JIECOBO-TPYHTOBOI cepii. [IouaTok MaKCHMaabHOT aK4ariibChKol
TpaHcrpecii B HopHOMY MOpi CIiBIaAa€e 3 Pi3KHM MOXOIOAaHHAM KIiMaTy (2.5-2.6 MITH. pOKIB) 1 CIIIBCTaBIAETHCA 3 CEPEAHbOAKIA-
THIIBCBKOIO TpaHcrpeciero B Kacmilickkomy Oaceiini. O3HaKk mi3HbOAKYarmibChKol Tpancrpecii B A3oBo-HopHOMOpchKOoMy OaceiiHi He
BUSIBJICHO. 3HAXIJKK aK4arujIbChKUX MOJIOCKIB B CAMHMX HU3aX KysUIbHUKY [Ipra3oB’st moTpelye M0JaTKOBHX JOCIIIKEHb, OCKIIBKH
B Lel vac BinOyBasioch (OpMyBaHHs HIDKHBOIIOPATCHKUX BinkiamiB (3 Rugunio lenticularis) mpu termomy wiimari. HaitOinbmm
HMOBIpDHHM € BapiaHT iHBa3ii aK4armIbCHKUX MOJIOCKIB IPU MOXOJIONAHHI B aliTaXCHKHI €Tal JIecOBO-TPYyHTOBOI cepil. Bukianeno
TaKOXX JYMKY aBTOpa PO OOTPpYyHTYBAaHHS MOHIKEHHS! HIKHBOI TPaHHUII 1 TpoOieMH ii 3aCTOCYBaHHS MPH TEOIOTIYHIN 3HOMIII.

Kniouosi cnosa: kysnvhuk, nuioyen, cmpamuepagpis, [lpuazos’e, donuna /nicmpa.
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Introduction. The question of the lower boundary
of the Quaternary System has been considered by the
geological community on many occasions. In 1839,
Charles Lyell, author of the name «Pleistocene»,
proposed to define the lower boundary in marine
sediments, if the assemblage of marine organisms
contains 90% of modern species. With the
development of Quaternary geology, the identification
of glacial and interglacial deposits, the rhythmicity of
subareal formations became of primary importance
in  solving the problems of boundaries, which
involved the climatic component. So in 1948, at the
18th International Geological Congress (IGC) in
London, it was proposed to draw the lower boundary
of the Quaternary System under the marine Calabrian
deposits, in which the first Arctic species of molluscs
and foraminifera appeared in the Mediterranean Sea.
In the continental sediments, this boundary had to
bee placed under the deposits of the Villafranchian
Stage. However, the proposed version of the lower
boundary was adopted only during the 27th IGC,
which was preceded by detailed work on the choice
of the Calabrian stratotype. The argument has
already clearly outlined the climatic paradigm, such
as penetration into the Mediterranean basin of cold-
water migrants from the Atlantic (in particular, Arctica
islandica), the appearance of the Pretiglian spore
and pollen assemblage in the Quaternary deposits of
Western Europe, which marked the global cooling
in the Northern Hemisphere. The appearance of the
Villafranchian association of large mammals was also
mentioned. The section “Vrika” was chosen as the
Global Point, In this section, the lower Quarternary
boundary is positioned above the subchron Oldway
- 1.81 million years (Ma). Later studies have shown
that the migration of marine species of fauna from
the North Atlantic (such as Arctica islandica) and
the occurrence of Pretiglian assemblage of pollen
took place much earlier than 2 million years ago,
and the Calabrian corresponds only to the upper
Villafranchian.

Supporters of the lowering of the Quarternary
lower boundary have chosen a significant cooling-(ice
age) of about 2.5 million years, which corresponded
to the critical point of the evolution of the Earth’s
climate system, namely the appearance of glaciation
in the Northern Hemisphere. This argument was the
main one of the proposed options (Head, Gibbard,
Salvator, 2008; Finney, 2010) and endorsed by
the Executive Committee of the International
Union of Geological Sciences. The changes in
the International Stratigraphic Scale (ISC) for the
Neogene and Quaternary systems were ratified.
According to these changes, the lower boundary of

the Quaternary System is drawn in the section of the
Global Stratotype and the Global Point (GSSP) of the
Gelasian Stage “Monte san Nicola” on the southern
shore of the island of Sicily near the city of Gala, 1
m above the magnetostratigraphic boundary of Gauss
- Matuyama, at the beginning of the “warm” isotope
stage of IOP. Above this boundary the extinction of
carbonate nanno-fossils Discoaster pentaradiatus
and D. surculus is recorded. In the justification of the
abovementioned idea, we should note the beginning
of loess sedimentation in China, human development
and practical considerations.

Thus, stratigraphy of the Quaternary System has
a clearly expressed climatic paradigm, as opposed
to the stratigraphic one, which is incorporated in
the construction of the ISS. On the one hand, this
approach to the Quaternary System is justified,
taking into account the frequency of glaciations,
interglaciations, formation of loesses and buried soils,
regressions and transgressions. Selection on this basis
of climatostratigraphic subdivisions is the basis for
regional stratigraphic schemes, and the development
of the isotope-oxygen scale (MIS) has proved the
global nature of climate changes. However, no matter
how perfect climatostratigraphic subdivisions are,
without biostratigraphic, paleomagnetic and absolute
age data, they do not solve one of the main tasks of
geological survey - the correlation of glacial and
interglacial subdivisions of different regions and
sedimentation environments. As an example, we can
cite the age identification of the Don moraine, which
was compared with that of the Dnieper moraine.
However, after the processing of the paleontological
material, in particular, the remains of small mammals,
the difference in age of the abovementioned moraines
was proved. Such examples are also known in the
stratigraphy of loess formations.

Returning to the question of the validity of the
definition of the Quarternary lower boundary by
the climatic factors, there is no guarantee of a re-
examination of the problem. After all, significant cold
fluctuations are observed at the boundaries of 3.2,
3.4 million years (not to mention 5.5 million years),
glaciation of Greenland - 3.3 million years, the data
on the beginning of loess sedimentation in 2.8 million
years. At the same time, we must admit that addition
of the Gelasian Stage to the Quarternary System can
serve as an example of a combination of climatic and
biostratigraphic criteria, which we will discuss in the
following sections of this article.

Discussion of the problem of the lower boundary
of the Quaternary System in the Azov-Black
Sea Basin. In accordance with the approved lower
boundary of the Quaternary System at 2.588 million
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years in the Azov-Black Sea Basin, it takes place
within the middle of the Kujalnikian Regio-stage
(Gozhik, Matoshko, 2011), the upper part of which
belongs to the Pleistocene, and the lower part - to the
Pliocene.

In this paper there is no possibility and need to
discuss all the papers on the Kujalnikian Stage, so
we focus on the main localities where freshwater
molluscs, mainly unionids and viviparids, have
been found. The choice of these mollusks is dictated
by directional evolution during the Pliocene, with
broad migration on the background of global climate
change. All this is the basis for the subdivision of
the Kujalnikian deposits and correlations with the
Akchagilian and alluvial deposits in the river valleys
of the southern part of the East European Platform.

The “Kujalnik Beds” were discovered by LF.
Sintsov (1875) near the city of Odessa, where they
overly with erosion the Pontian and Meotian deposits.
After processing the paleontological material, he
subdivided these beds into 2 horizons: the lower
horizon - with the marine and freshwater molluscs
and the upper one - with the freshwater ones. Among
the freshwater molluscs a new species of viviparid
was established - Viviparus subconcinus Sinz., which
occurs both in Kujalnikian and in the coeval alluvial
deposits. I.F. Sintsov (1877, 1897) assigned the lower
and upper horizons to the new (upper) Pliocene.

The stratigraphic position of the Kujalnikian
deposits has long been controversial. E. Andrusov
(1897) placed them above the ore-bearing layers of
the Kerch-Taman region.

N.P. Mikhailovsky (1902, 1905), studying
the deposits near Pakveshi village at the Galizga
River, which overlie Kimmerian rocks, mentioned
a fauna somewhat different from that described by
L.F. Sintsov around the city of Odessa. Considering
the Kujalnikian deposits in the rank of the stage, he
believed that the beds of the Galizga represent the
lower horizon of the Kujalnikian Stage, and that the
deposits described by I.F. Sintsov belong to the upper
Kujalnikian (Mikhailovsky, 1909).

V.D. Laskarev (1912) compared the upper horizon
with the remains of mammals with the Villafranchian
Stage. T.A.Mangikian (1929) believed that there were
no grounds to distinguish two horizons within the
section of the Kujalnikian deposits in Odessa region
duetotheidentity ofthe freshwatermollusc assemblage
in both of them. The new species distinguished by
Magnikian (Unio tanphilievi, U. kujalnicensis, U.
alexeevi, Viviparus pseudoachetinoides kujalnicensis)
later were mentioned, as a rule, by other researchers
from the Kujalnikian deposits of the Azov Sea area.
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An important stage of the knowledge of
Kujalnikian deposits was the study of V.N.
Krestovnikov (1928). He established and described
several new species of molluscs: Limnocardium
limanicum,  Pachydacna  subkujalnicensis,
Dreissenssia theodori kubanica and Valvata
vanciana, which became characteristic of the
lower Kujalnikian deposits (in the understanding
of N.P. Mikhailovsky) of the Taman and Kuban
regions.

A.G. Eberzin (1931) discovered deposits with
the Akchagiliuvan mollusc Avimactra subcaspia
in the Crimea and included them in the Tamanian
Horizon, which, in his opinion, could not be older
than the upper horizon of the Kujalnikian Stage. The
Akchagilian molluscs were discovered by IM Gubkin
(1931) in the overlying ore-bearing strata of the area
of Durnoselivka village and adjacent territories of the
Taman Peninsula. Having subdivided the strata into
3 horizons, he noted that the Kujalnikian molluscs
as well as the Kimmerian ones are characteristic for
the lower horizon, the Kujalnikian and the freshwater
ones — for the middle horizon, and the Akchagilian and
Kujalnikian ones - for the upper one. It is important for
us to emphasize that in the middle horizon among the
freshwater molluscs Gubkin identified U. tamanensis
and the gastropods similar to those occurred in the
Paludinian beds of Slovenia. He considered the upper
horizon to be the youngest Kujalnikian described by
V.N. Krestovnikov (1928) and that it corresponded to
the upper horizon of the Kujalnikian.

G.I Molyavko (1948) significantly expanded
knowledge of the distribution area of the Tamanian
deposits of A.G.Eberzin in the Crimea and noticed
the presence there of large debris of unionids of the
Levantinian appearance.

Generalization of data on the Kujalnikian
sediments of the Azov-Black Sea region was
performed by A.G. Ebersin (1940). He assigned the
Krasnodarskian Horizon with Unio sturi Horn., the
Tamanian Horizon with Avimactra subcaspia Andr.
and the Kujalnikian Stage with Limnodacna limanica
Krest. to the Upper Pliocene.

The second most important region of the
distribution of the Kujalnikian deposits is the
Priazovie, where they were studied mainly using
drilling data, which were rarely accompanied by the
collection of paleontological material.

G.I. Molyavko (1950) established the distribution
of Kujalnikian deposits within the limits of the Lower
Dnipro and Melitopol district, the Prisivash and the
Crimea. The Kujalnikian deposits are represented by
mainly clays with interlayers of clayey sands and only
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in the Lower Dnipro area - by sands, inequigranular at
the base with pebbles of sedimentary and crystalline
rocks (the facies of erosion). In the upper part of the
section the remnants of molluscs were practically
not collected, but in the lower part the following
fossils were found: Dreissena theodori Andr. var
kubanica Krest., D. polymorha Pall., D. fogti Ebers.,
Prosodacna sinzovi Ebers., P. subkujalnicensis Krest.,
Limnocardium skadovkaense Ebers., Momodacna cf
sibrigeli Sinz., Unio sp., Viviparus subconcinus Sinz.,
Valvata sp., Lithoglypus sp. Subsequent studies of
the Kujalnikian sediments revealed the remnants of
freshwater molluscs also in the upper horizon, among
which Viviparus subconcinus Sinz, Planorbarius sp.,
Planorbis sp., Valvata sp. and others were identified.

The discovery of the “Levantinian” unionids in
the Lower Kujalnikian deposits of the Azov Sea area,
described by G.I.Molyavko and Yu.l.Selin (1957),
was extremely important. In the area of the villages
of Botievo and Orlovka Unio cf. rumanus Cob., U.
lenticularis Sabba, Unio sp., Dreessena polymorpha
Pall., Melanopsis sp., Viviparus sp., and Valvata sp
were found in the cores of boreholes. The presence of
sculptured unionids and melenopsids of the Levantine
appearance gave the authors the basis for correlation
of the Kujalnikian deposits with the lower horizon of
the Levantinian (Poratian) Stage.

In the Skadovsky district the valve of Unio
bielzi Czek was found in the sandy strata of the
borehole at the depth of 90 m near the village of
Karga. In the same area, according to the data of
the abovementioned authors, at the depth of 85.1
m A.G. Ebersin identified the Kujalnikian molluscs
Pachydacna  kujalnicensis Krest., Limnocardium
limanicum Krest. and the fragments of gastropods of
the Levantinian appearance (emphasized by us).

Detailed investigations of the Kujalnikian and
Kimmerian sediments performed by V.M. Semenenko
(1960, 1966, 1975, 1987) significantly supplemented
the data on the distribution and species composition
of marine and freshwater molluscs. He distinguished
two horizons in the Kujalnikian strata. The upper one
is most clearly represented in the Melitopol region,
where in the clays, sometimes sandy ones, and
siltstones Unio kujalnicensis Mang., Unio tenphilievi
Mang., Viviparus subconcinus Sinz., V. bethinicus
Mang. and others were discovered , that is, the species
typical for the Kujalnikian deposits of Odessa region.
The lower horizon of the Kujalnikian here contains
Limnocardium  limanicum  Krest.,, Pachydacna
kujalnicensis Andr., P. subkujalnicensis Krest.,
Prosodacna cf. miser Ebers., Didacnomya vulgaris
Sinz. In a generaralized list of fauna of the lower
Kujalnikian, V.M. Semenenko (1987) indicated the

following freshwater molluscs: Dreissena theodori
kubanica Krest., Dr. rostriformys Desh., Potomida
neustruevi Andr., Unio lenticularis Sabba., U. cf.
rumanus Cob., U. krajovensis slanicensis Teiss.,
Viviparus ex gr. turritus Bog., V. aff. subconcinus
Sinz., Lithoglyphus neumayri Sabba, L. acutus Cob.,
Bithynia uncotinovici Brus., B. spoliata Sabba,
Melanopsis esperoides Sabba. U. neustruevi and U.
lenticularis are of particular interest. Unfortunately,
there was no indication which part of the lower
Kujalnikian contained the abovementioned unionids.

In the basal part of the Kujalnikian deposits of
the Northern Priazovie V.M. Semenenko (1975, 1987)
registered the remains of Avimactra subcaspia Andr.
and Cdrdium dombra Andr., which raises the question
of the time of the first migration of Akchagilian
molluscs to the Black Sea.

The Kujalnikian deposits in the Steppe Crimea
with Limnocardium limanicum Krest., Dreissensia
theodori kubanica Krest., Viviparus sinzovi Pavl.
and Unio sp. overlie the Pontian, and on the Kerch
Peninsula - the Kimmerian rocks. In the Indole and
Chigerchinska troughs above the Tamanian strat,a
A.G. Ebersin (1940) discovered the fragments of
Didacna ? cf. digressa Livent - the marker of the
Gurian layers of the Black Sea. In the Steppe Crimea
above the Tamanian layers, G.I. Molyavko (1938)
identified greenish waxy clay with numerous Coretus,
Planorbis, Limnaea, Dreissena and smooth Unio
(Tjup-Dzhankoian beds).

According to V.M. Semenenko, the Lower
Kujalnikian deposits of the Azov Sea area and Western
Georgia are directly magnetized and belong to the
Gauss era. The Upper Kujalnikian, Tamanian and
Tjup-Dzhankoian beds are inversely magnetized and
correspond to the lowermost part of the Matuyama
epoch, as well as the middle- upper Akchagilian
deposits of the Caspian Sea basin.

From the material above, it follows that a number
of issues concerning the Kujalnikian deposits are still
controversial. These are their subdivision, correlation
with the Akchagilian and Tjup-Dzhankoian layers,
the volume of the upper Kujalnikian and its
correspondence to the Tamanian Horizon, appearance
of the Akchagilian molluscs in the Azov-Black Sea
region and the definition of the lower boundary of the
Kujalnikian Regio-Stage in the continental formations
(Semenenko, 1987; Vernigorova, 2016). In this
regard, let us discuss the geological, paleontological
and climatic factors of these problems.

First of all, let us consider the structure of the
reference section of the Kujalnikian deposits near
the village of Kryzhanivka, described in detail by
M.F. Veklych (1968). The upper horizon, defined
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by LF. Sintsov (1877), is represented by the eluvial,
lacustrine and alluvial deposits (Fig. 1), which M.F.
Veklych compared with the Berezanian stage of the
formation of the loess-soil series of Ukraine. At the
base of the horizon there are inequigranular sands
with the interlayers of gravels and pebbles (erosion
facies), in which the remains of small mammals of the
Odessa complex (Shevchenko, 1965) corresponding
to the early stage of the Tamanian faunal assemblage
have been discovered. The freshwater molluscs were
found both in the alluvial and lacustrine sediments.
However, in the alluvial deposits, rheophilous
molluscs dominate, and in the lacustrine deposits
— stagnophilous ones. Among the rheophiles that
evolved more rapidly during the Pliocene, we
should note Unio kujalnicensis Mang., U. tanphilievi
Mang., U. alexeevi Mang., Viviparus subconcinus
Sinz., V. sinzovi Pavl., V. pseudoachatinoides Desh.,
Melanopsis esperoides Sabba., Bithynia vucatinoviei
Brus., B. spoliata Sabba. The lower horizon of LF.

RIKREE | e

Wr ===
|1

16} |

AP ..( <+
o~ a
12} o4 ox s
\‘Z—J"/Q)s,‘:& — — 2
— P = = e
=5 = ~ ,&f,/
o T ;
B —_— . = ’
—— p— e L 2 ~

4 c ”(\‘f e am
.4/: ‘V‘r:,xsc,'.
HIRNREEEEY

e

Shintsov, compared by M.F. Veklych (1968) with the
Beregovian stage, is represented by marine, alluvial-
marine and lagoon-swamp formations (Fig. 1). The
remains of small mammals were collected from the
gravel interlayers and distinguished as the Kujalnikian
assemblage (Shevchenko, 1965), which belongs to
the Haprovian faunal assemblage. The freshwater
molluscs discovered in the alluvial-marine and
marine sediments are mainly rheophilous and have
almost the same composition as in the upper horizon.
Characteristic forms, Unio kujalnicensis Mang., U.
tanphilievi Mang.and Viviparus subconcinus Sinz.,
are distributed far beyond the stratotype (Kryzhanivka
village) from the Priazovie to the Taman Peninsula (the
Taman beds), the Pskepus River valley, Akchagilian
of the Volga region. I.Ya.Yatsko (1954) discovered
Unio rumanus Tourn. and Limnoscapha semiornata
Bolgin. together with Unio kujalnicensis at the base
of the Kujalnikian eastwards of the Tiligul estuary,
which gave grounds to suggest the proximity of the

Fig. 1. Section of the Kujalnikian deposits near the village of Kryzhanivka

1 - red-brown buried soil; 2 - clays; 3 - sandy loam, loam; 4 - medium-fine-grained sands; 5 - lagoon-marsh soil formations;
6 - inequigranular gravels and pebbles; 7 — remains of small mammals localities; 8 — molluscs’ localities; 9 - genetic
indices: e - eluvium; deposits: | - lacustrine, a - alluvial, h - marsh, m - marine, am — alluvial- marine.
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Kujalnikian Stage to the Dacian.

Deposits of the upper and lower horizons have
inverse magnetization (Matuyama), and only at the
boundary between them is there a zone of directly
magnetized rocks (Tretiak, Volok, 1976), which can
be compared with the subchron Oldway (1.77-1.95
million years). Taking into account the paleontological
and paleomagnetic data, M.F. Veklych (1982)
identified the age of the Berezanian phase as 1.90-
1.61 million years, and the Beregovian at 2.430-1.90
million years.

Freshwater molluscs from the Lower Kujalnikian
sediments ofthe Azov Seaareadeserve special attention
due to the occurrence of unionids characteristic of the
lower and upper Poratian strata. Their belonging in
the stratotype area to the NSM11 Zone - Moldavunio
lenticularis - Valachunio iconomianus, identifies
the age of 3.7- 2.7 million years (Andreescu, 2009).
The early Poratian species Moldavunio (= Rugunio)
lenticularis Sabba belongs to the NSM11a Subzone,
and the late Poratian species Pelendunio (= Rytia)
bielzi Czek belongs to the NSMllc Subzone.
According to the paleomagnetic data, the NSM11
zone is comparable to the Gauss epoch, in which,
as noted earlier, the Lower Kujalnikian deposits
are placed. Accordingly, M. lenticularis should
correspond to the lower part, and P. bielzi - to the
upper part of the Kujalnikian Regio-Stage. Besides
Wallachia (Romania), M. lenticularis was found in
the Lower Poratian (= Lower Levantinian) deposits of
the lower part of the Prut River. M.I. Andrusov (1963)
described Unio lenticularis Sabba var samarica and
U. neustruevi Andr. var. geometrica from the deposits
of the Wolf’s gully of the Volga River area

The Upper Poratian deposits which contain the
remains of Pelandunio bielzi Czek., unconformably
(with erosion) overlie the Dacian rocks in the Danube
River valley and are placed in the stratigraphic
scheme above the Lower Poratian. Besides the lower
reaches of the Prut and the Danube rivers (Ripa
Skortselska and Dolynske), P. bielzi was described
from the middle-upper Paludinian beds, of Slavonia,
Pelendavian Substage of Romania, the lower
Kujalnikian of the Priazovie, the Don Valley near the
station of Nagavska (so-called the Nagava beds). The
late Poratian species were recorded also in alluvium
of XI (Vadyluivodska) terrace of the Dniester River
(Chepalyga, 1967).

Viviparus turritus Bog., the characteristic form of
the Kinel beds of the Volga River region, was found in
the lower Kujalnikian of the Priazovie and the Upper
Poratian near the village of Dolinske (the Danube
River Valley). Numerous remains of late Poratian
viviparids such as the sculptured V. bifarcinatus Bielz.

and V. rudis strossmayerianus Brus. , as well as those
with smooth shells V. turritus Bog., V. sinzovi Pavl.,
V. craiovensis Poz. and V. proserpinae Bog. occurred
in inequigrained sands with gravel near Dolynske.
As the sculptured viviparids were not found in the
younger deposits, it is logical to admit that a significant
cooling preceded the formation of the Upper Poratian
deposits.

Bogatschevia (=Unio) tamanensis Ebers. and
B. bugasica Ebers are characteristic forms of the
Tamanian Horizon. The narrow stratigraphic range of
B. tamanensis is the basis for correlation of the marine
Tamanian and middle Akchagilian deposits with the
alluvial ones. The continental (terrestrial) equivalents
of the Tamanian beds are the alluvial deposits of
the Psekups River near the Saratovska stanytsya,
Haprovian beds of the Priazovie, alluvial deposits of
the X terrace of the Dniester River (the Rashkivska,
Ferladanska), the Danube River (Kotlovynska),
the Prut River (the Roshska). The remains of small
mammals of the deposits correlated with the Tamanian
Horizon belong to the Haprovian faunal assemblage.

The Romanian researchers (Andreescu, 2009;
Andreescu et al., 2010) assigned the deposits with
Bogatschevia tamanensis and with boreal Unio
kujalnicensis to the Wallachian Regio-Substage in the
2.4-2.0 million years range, Bogatschevia sturi Hornes
was dated as 1.8- 1.6 million years. The presence of B.
sturi in the alluvium of the IX terrace of the Dniester
and Danube river valleys and the Lower Apsheronian
deposits of the Kuban does not contradict that.

Detailed analysis of the spore-pollen complexes
of the Kujalnikian and subaeral deposits of the
Priazovie, represented by O.A.Sirenko (2017),
showed that the upper Kujalnikian corresponds to
the Beregovian stage, the middle Kujalnikian — to the
Siver stage, under which the magnetostratigraphic
boundary Gauss - Matuyama is fixed. Thus, the lower
boundary of the Quaternary System of 2,588 million
years is drawn under the Siver deposits. Below lie the
deposits of the Bogdanovkian Stage and the lower
Kujalnikian rocks. At the same time, Sirenko came
to the conclusion that the essential cooling took place
at the beginning of the Siver stage, with which we
associate the invasion of the Akchagilian molluscs
into the Black Sea, which most likely occurred
between 2.6 and 2.4 million years. This is the time
of maximum Akchagilian transgression in the Azov-
Black Sea Basin, whose traces were found on the
shores of the Dardanelles Strait (Taner, 1970).

As for the occurrence of the Akchagilian molluscs
at the base of the Lower Kujalnikian in the Priazovie,
it was obvious that this could have happened at the
end of the Pontikipaean time, when there was a

297



Journ. Geol. Geograph. Geoecology, 28(2), 292-300.

Gozhik PF.

9¢
3 ) ) i -
14an.3snau ES::..N 140G ‘StuLiofyp]joqvlf — - i ug-uyz) g e
p1ydpqupolJ ‘SIXDINIU] O1UNINY 5 ~
Spaq = = ® —
UBNEBIOJ JOMO] g ° © — C¢
~ ~ o O
SHUDUINA OTUNUDUINY {, BINISeyoy yIm spag mk. zy M e B B 0
=] o I
.IH..H - = — I
snppu1dnfiq "4 ‘Snitng snipdia = : uy-u ® — g
Ipuronjiq "4 ‘SnjLLng 1a14 Spaq spoq ueIszifen = Pq . [-UveO = 8'C
‘12]21q PUAY WD " ‘ShuySLid o1unuysiig uenjerod 1oddn C - —
£ L o
DILIDUIDS SIID[NO1IUS] O1UNSIY] SPOA VT APEA R - 9T
‘DI1UDGNY 110POIY) DISUISSIDA(T ‘SISUIOIUID Y X § ~ .
o)) ‘SISUdUPWID) DIAdYISIDSOG SPoq uriuptIE L = - - @) — ¥e
= ® o —
DIPULONUDS ‘DYADISOUTT ‘SNUIDU0OGNS BSSOPO pub MH M = uz) o 7T
snapdiarg ‘1aiydupy ) ‘Sisuadiuppling o1un) Auepepio] JO spaq uenyiufeny] 7 e ag o z. -
X g - = — 0%
. . ori .Ss& oA spoq ueloyueyz-dnl], «
DOUULT ‘SIGAOUD]J ‘SNAUA0D WNLIDGIOUD] ] : : —
sno1o.4oysdp BSIIUIOYSOgq LBLING ToMO . 81
o1uU/) ‘LANIS DINYISIDSOG DIV DADJULID SV XI HOD 1 q D 1°0
2 o
5 & % 2|
SOSN[O]N SOOB1ID) SIUSWIPIS S, g om od am 5 ()
: uIseq 89§ YOR[G-A0ZY = us g5 8
19)eM — USAI] WNIAN[[Y : 2 e Z.
s Z By
[euorSoy osI

sysodop uemyrufeiy] At} Jo LIBYD UOISIAIPGNS [ e,

298



Gozhik P.F.

Journ. Geol. Geograph. Geoecology, 28(2),292-300.

significant cooling, recorded in the deposits of the
Aidar stage of the loess-soil series of Ukraine.
Conclusion. An analysis of the available material
makes it possible to draw the following conclusions.
The lower boundary of the Quaternary System should
be drawn under the deposits of the upper Kujalnikian,
Taman layers of the Akchagilian, alluvium of the X
terrace of the Dniester, Danube and Prut rivers, the
Haprovian layers of the Priazovie and under the
sediments of the Siver stage in the loess-soil series.
This boundary of 2.588 million years is related to the
magnetostratigraphic boundary of Gauss - Matuyama
(Table 1). The Kujalnikian deposits in the Odessa
region are the upper part of the upper Kujalnikian
Substage, above the Tamanian beds.

The lower boundary of the Kujalnikian Regio-
Stage takes place at the level of 3.6 million years,
separating the cold Aidar stage and the Yarkov - the
warmest in the Late Pliocene, to which the formation
of the lower Poratian deposits belongs. The upper
part of the lower Kujalnikian is compared with the
accumulation of the upper Poratian deposits and the
Bogdanovkian stage of soil formation. The climate
cooling and activation of erosion activity took place
between the accumulation of the lower and upper
Poratian.

The beginning of the maximum Akchagilian
transgression in the Black Sea coincides with a
sharp cooling period (2.5-2.6 million years) and
compares with the middle Akchagilian transgression
of the Caspian basin. Signs of the late Akchagilian
transgression in the Azov-Black Sea basin were not
registered, however, according to paleomagnetic
data at the Voyevodino section, it can correspond
to the time of sedimentation of the Tjup-Dzhankoy
sediments.

Occurrence of the Akchagilian molluscs at the
basal beds of the Kujalnikian of the Priazovie requires
additional research, as at that time the formation of
the lower Poratian deposits took place in a warm
climate. The most probable version is the invasion
of Akchagilian molluscs during the cooling in the
Kyzylyarian time.

Drawing the lower boundary of the Quaternary
System at 2.588 million years created a number of
inconsistencies in conducting geological surveys.
Previously, the Kujalnikian deposits in full volume
had been shown on the geological map, but by the
current position of the abovementioned boundary,
the upper Kujalnikian would be represented on
the map of the Quaternary deposits, and the lower
Kujalnikian- on the geological map. At the same time,
it should be noted that 70% of the territory has already
been surveyed and geological maps of scale 200,000

published. The remaining geological sheets will have
a different loading and will cause some difficulties in
the modeling of the geological structure of the regions
and sedimentary basins in the future.
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Abstract. The youngest geomagnetic polarity reversal, the Matuyama—Brunhes boundary
(MBB), which occurred 780 kyr ago, is a “golden spike” in the age calibration of sediment
sequences. The use of palacomagnetic method as a stratigraphic tool in the study of loess
sequences from Ukraine originated some 50 years ago. One major problem in using
the available data is the contradictory position of the MBB in different stratigraphic units, which affected historic evolution of the
chronostratigraphic models of the Quaternary in Ukraine. The most important units in this regard are the Shyrokyne and Martonosha
units, in which the MBB had been defined most often. This paper provides the careful analysis of the previous magnetostratigraphic
data and new preliminary results from key loess-palaeosol sections in Central Ukraine. Shyrokyne palaeosol complex in four loess-
palaeosol sections located in the Middle Dnieper and Podolia regions has been palacomagnetically studied. It is shown that the
transition zone of the Matuyama—Brunhes palacomagnetic reversal is most likely located at the base of the soil complex. In the
Vyazivok section the MBB has been found in the lowermost part of Shyrokyne palacosol sh,. Preliminary palacomagnetic studies of the
Stari Kaydaky section reveal that the MBB cannot be defined at least above sh, subunit. Medzhybizh and Holovchyntsi sections were
deposited after the Matuyama—Brunhes reversal; however, the palacomagnetic informativeness of the part of studied strata is doubtful.
Magnetostratigraphic position of the Shyrokyne unit below the MBB in some previous studies is explained by methodological reasons
and inconsistent chronostratigraphic models. The paper substantiates that normal magnetic polarity zone in the Pryazovya loess and
upper part of the Shyrokyne soil is not associated with the influence of secondary processes on the palaeomagnetic record.

Key words: magnetostratigraphy, Matuyama—Brunhes boundary, palaeomagnetic method, loess-palaeosol sequence, Pleistocene,
marine isotope stage 19.
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AHorauis. Haiimononma reomartiTHa iHBepcis NONSpHOCTI, Tpanuls Marysma—bpronec (MB), mo BinOymacs 780 tuc. p. Tomy, €
«30JI0TUM IBSIXOM» y BIKOBOMY KaiiOpyBaHHI OcaZoBUX cepidl. BuUKOpHCTaHHS maneoMarHiTHOTO METOAy SIK cTpaTHrpadidHoro
IHCTPYMEHTY TIPH JOCII/UKEHHI JIECOBUX cepiii Ykpainu Oepe mouarok 0mm3bko 50 pokiB Tomy. OnHI€IO 3 TOJIOBHUX IPOOIEM BH-
KOPUCTAHHS HasiBHUX JAHHUX € CyIepewInBe MoIoKeHHs rpanuni MB y pisHuX cTparurpadidHuX ropr3oHTax, M0 MO3HAYMIOCS Ha
ICTOPHYHOMY PO3BHTKY XPOHOTpATUTpadiuHUX MOl YUeTBepTUHHOTO Iepiofy B Ykpaini. HalOLnbII BasKIMBUME MiAPO3ALIAMH y
[IbOMY KOHTEKCTI € IMPOKHHCHKUI Ta MapTOHOCHKUII TOPHU30HTH, B AKUX rpaHuis MB Bu3Havanacs Haituactimue. Y wiif crarti nmpose-
JICHO PeTeNbHNUHN aHaJIi3 MOMEPEeIHIX MAaTHITOCTpAaTUTrpadGiyHUX JaHUX Ta HOBUX MOIEPEIHIX Pe3yabTaTiB KIIFOUOBHX JIECOBO-IPYHTOBUX
po3piziB y Llenrpanbhiit Yipaini. [LIUpOKHHCHKHIA TPYHTOBHI KOMIUIEKC JTOCTIPKEHO [aJeOMarHiTHUM METOJOM Y YOTHPbOX JIECOBO-
IPYHTOBHX po3pi3ax, mo 3Haxomateest y Cepennbomy [IpuaHinpos’i Ta Ha [oxinecekili Bucounsi. [TokaszaHo, o mepexigHa 30Ha
najeoMarnitHol inBepcii Marysma—bpronec HalliMOBipHiIIe po3TamioBaHa y IiJJOIIBI IPYHTOBOTO KOMILIEKCY. Y po3pisi B’s13iBok rpa-
Huo Mb Gyro 3HaliIeHo y HIKHIH 9aCTHHI IIUPOKUHCHKOTO IpyHTY sh, . [Tomepetni maneoMarsiTHi jocimkerns pospisy Crapi Kaii-
JTAK¥ CBIYaTh MPO Te, 110 TpaHuist Mb He Moxke OyTH BU3HAYEHA MPUHANMHI BHIIE MTiATOPU3OHTY shl. Binknanu po3pizie Memknoixk
i TonoBumHLi chopmyBammces micas iHBepcii Marysma—bproHec; onHaK, majJeoMartiTHa iH(OPMATHUBHICTh YaCTHHU JOCITIHKEHHX
mrapiB cyMHiBHa. MarHitoctparurpadidae MoJOKeHHs IIMPOKHHCHKOTO TOPU30HTY Hibk4e rpanuii MB y neskux nomnepenHix po6o-
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TaX MOSICHIOETHCSI METOJOJIOTTYHUMH PUYMHAMH Ta HEMOCIITOBHUMHU XPOHOCTpATUrpaQiuHUMK MOJISISIMU. Y CTaTTi OOIPYHTOBAHO,
110 30HA MPSIMOT MOJIIPHOCTI Y NMPHA30BCHKOMY JIeCi Ta NIMPOKMHCHKOMY IPYHTI HE IOB’s3aHa i3 BIUIMBOM BTOPHHHHMX IIPOILECIB Ha

MajeoMarHiTHUH 3aruc.

Kniouogi cnosa: macnimocmpmuepagis, epanuys Mamyama—bpionec, nareomaznimnuil Memoo, 1ecoeo-IpyHmosa cepisl, nieticmoyeH,

Mmopcoka izomonna cmaois 19.

Introduction. Loess sequences, alternating loess and
palacosol horizons, are unique continental formations
of the Quaternary. They contain one of the most com-
plete records of global changes in the climate of this
geological period, in particular, glaciations and inter-
glaciations of the last million years, and are signifi-
cantly widespread, mostly at intermediate latitudes of
the Northern Hemisphere (Evans and Heller, 2003;
Buggle, 2011). For this reason, loess sediments are
carefully studied by various methods of environmen-
tal research, including the palacomagnetic method.

The Matuyama—Brunhes polarity reversal,
which occurred 780 kyr ago (Tauxe et al., 1996) is
the key benchmark of correlation of loess-palacosol
sequences of the Quaternary, defining the Lower—
Middle Pleistocene boundary. In deep-sea sediments,
this reversal is fixed in the interglacial marine isotope
stage (MIS) 19 (Tauxe et al., 1996).

Loess-palacosol exposures along Dnieper, Sula
and Southern Bug rivers in Central Ukraine reveal a
complexsuccessionofQuaternarypalacoenvironments
over the past 0.7—1.2 million years (Veklich, 1982;
Bolikhovskaya and Molodkov, 2006; Matviishyna et
al., 2010; Buggle, 2011). For magnetologists the most
important unit in the loess sequences is the Shyrokyne
horizon (hereinafter the stratigraphic terminology is
used in accord with the Stratigraphic Framework of
the Pleistocene of Ukraine (Veklich et al., 1993))
— palaeosol complex consisting of three subunits:
brown clayey soils of earlier optimum sh, and later
optimum sh,, and uncommon loess-like loam subunit
sh, (Gozhik and Gerasimenko, 2011; Sirenko, 2017).
Previously the Matuyama—Brunhes transition zone
was defined by colleagues from the Institute of
Geophysics (Tretyak et al., 1987; Tretyak et al., 1989;
Tretyak and Vigilyanskaya, 1994; Vigilyanskaya,
2000, 2001a, 2001b, 2002) in wide range of sections
most often in the lowermost sh, subunit. According
to their generalized Pleistocene Magnetostratigraphic
Scale of Ukraine (Tretyak and Vigilyanskaya,
1994), which is based on the palacomagnetic studies
of almost 60 sections in Ukraine, Moldavia and
Pryazovya, the Matuyama—Brunhes boundary (MBB)
is located in the Shyrokyne horizon (according to
stratigraphic nomenclature of (Veklich et al., 1984)),
the age of which was estimated at 730 kyr. Thus, the
Shyrokyne unit should be evidently correlated with
MIS 19 (Bogucki et al., 2012).
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However, in the stratigraphic models, which
are proposed for the Ukrainian Quaternary,
the chronological placement of the Shyrokyne
unit is different. It is generally argued that this
pedocomplex and the respective interglaciation
occurred during 0.85-1.2 Ma (Matviishyna et al.,
2010) and corresponds to MIS 25 (Veklich, 1995,
cited in Bolikhovskaya and Molodkov, 2006) or
21-33 (Lindner et al., 2006). Therefore, the younger
Martonosha palacosol unit is placed either in MIS
19-23 (Veklich, 1995, cited in Bolikhovskaya and
Molodkov, 2006) or 17-19 (Lindner et al., 2006).
Theoretical correlation with marine oxygen isotope
stages of stratigraphic schemes of Ukraine, resulting
from the different opinions on the chronological
placement of the Shyrokyne and Martonosha units, is
given in (Bakhmutov et al., 2017).

The above frameworks are based in turn on initial
contradictory magnetostratigraphic data (Tretyak and
Volok, 1976; Tretyak, 1980, 1983; Tretyak et al.,
1980, 1986; Veklich, 1982), in which the MBB had
been defined in the Berezan, Shyrokyne, Martonosha,
Sula and Lubny units. Eventually, the normal polarity
zone within Przyazovya loess and the upper part of the
Shyrokyne soil units had been interpreted by geologists
as Jaramillo event (0.98 Ma) and the MBB had been
placed at the top of the Martonosha soil unit, which
became the basis for following palacogeographic
reconstructions (Veklich, 1987; Lindner et al., 2004;
Lindner et al., 2006; Matviishyna et al., 2010; Gozhik
and Gerasimenko, 2011 and others). However when
considering them, surprising unanimity in position
of the MBB in several key Pleistocene sections is
troubling. For example in (Lindner et al., 2004, fig.
2) the MBB in the Vyazivok section had been defined
based on only one sample with anomalous polarity at
the base of Sula loess (Veklich, 1982, fig. 26), and
in the Roxolany section (Lindner et al., 2004, fig.
3) — one sample of reversed polarity in Martonosha
soil (Tretyak, 1980, fig. 1; Tretyak, 1983, fig. 6.5).
It should be recognized that most of previous results
(Tretyak and Volok, 1976; Tretyak, 1980, 1983;
Tretyak et al., 1980, 1986; Veklich, 1982; Veklich,
1987), carried out without effective minimization
the acquisition of present-day viscous magnetization,
and defined abundant magnetic events therein, cannot
be taken as reliable as any stratigraphic correlations
based in them (Bakhmutov and Hlavatskyi, 2016).
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However, later in several sections of Southern
Ukraine and Ukrainian Shield the MBB was found
exactly at Martonosha horizon level (Bakhmutov et
al.,2005; Sirenko etal., 2008; Slivinskayaetal.,2012),
which supports the existing charts. In addition, in the
Roxolany section, one of the key loess sequences of
the Black Sea area, the MBB was defined recently at
the contact of two soils (Bakhmutov and Hlavatskyi,
2014a, b), which were stratified by (Gozhik et
al., 2007; Bogucki et al., 2013) as the Lubny and
Martonosha units.

In order to resolve the problem of inconsistency
between different stratigraphic positions of the MBB
in loess cover of Ukraine, the most complete sections
of the Quaternary should be investigated. In this
study initial results, focusing on determination the
MBB in key loess-palacosol sequences of the Middle
Dnieper area at Vyazivok and Stari Kaydaky are
given. Additionally, new results of palacomagnetic
study of the Podolian Upland sequences — the Lower
Palaeolithic sites — at Medzhybizh and Holovchyntsi
are presented.

Geological setting. The Vyazivok section is located
in the village of Vyazivok (49°33° N, 32°98’ E)
about 8 km south of Lubny of Poltava oblast on
the western bank of the Sula River, a tributary of
the Dnieper (Fig. 1). It represents one of the most
complete Quaternary records in Ukraine and the
longest section studied within Dnieper Lowland. It is
characterized by 59-meter sequence of several well

developed palaecosols which alternate with thick loess
units. The section was studied earlier by (Veklitch et
al., 1967; Matviishyna et al., 2001; Rousseau et al.,
2001). The detailed description of the section which
the author was guided in rock sampling is presented
in (Matviishyna et al., 2001). The Shyrokyne unit in
the Vyazivok section is represented by two subunits.
The lower subunit sh , which is 1.15 m thick, consists
of two substages: greyish-brown clayey soil sh , and
reddish-brown sandy-clayey soil sh,,. The upper soil
subunit sh,, which is 2.35 m thick, is chocolate-brown
soil, composed of clay, more compact, prismatic, with
abundant carbonate concretions at the base of soil.
The Stari Kaydaky (or Stari Kodaky) section
(48°22° N, 35°07’ E) is located south of Dnipro at the
Dnieper River. The sequence comprises eight major
loess-palaeosol couples. It was stratified by (Veklich
and Sirenko, 1972) and was declared as reference
Pleistocene section of Ukraine. The uppermost part
of the section (from the Lubny unit to the Holocene
unit) had been studied in particular by rock magnetic
methods (Buggle et al., 2008, 2009, Buggle, 2011)
and it was correlated with loess sequences of Danube
basin. The Shyrokyne unit in studied exposure at Stari
Kaydaky is not less than 8 m thick, which is almost
twice as much its thickness in the stratotype sequence
at Shyrokyne (4.5 m) (Veklich and Sirenko, 1972). It
includes three subunits: subunit sh , which is at the
minimum 3.9 m thick, subunit sh, (0.55 m thick) and
the upper soil sh, (3.6 m thick). The lower subunit sh,

Fig. 1. Location of studied sections on the map of Ukraine.
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consists of the solid chocolate-brown soil, composed
of clay, compacted, prismatic, with rare carbonate
concretions at the base of soil, and the upper dark hu-
mus subhorizon. The middle subunit sh, includes thin
reddish-brown loam and dark humus layer. The upper
subunit sh, is brown clayey soil.

The Medzhybizh-A section (49°25° N, 27°23’
E) is located in the village of Medzhybizh about 33
km east of Khmelnytskyi on the nothern bank of the
River Southern Bug. Loess sequence covers the time
interval from the Shyrokyne unit to the Holocene, and
lies on the marine sediments of the Sarmatian time
(Stepanchuk et al., 2014). It is famous archaeologi-
cal site of the Lower Palaeolithic. Archaeological ar-
tifacts were found in the palacosols of the Zavadivka,
Lubny, Martonosha and Shyrokyne stratigraphic units
(Stepanchuk et al., 2014, 2016). The Shyrokyne ho-
rizon is very thin (a few tens of centimeters) and is
composed of sandy clay.

The Holovchyntsi-1 section (49°25°E, 27°29°N)

is located 1.3 km north of the village of Holovchynt-
si and 7.5 km east of Medzhybizh-A section on the
northern bank of the River Southern Bug. The sec-
tion is the southern part of the current Holovchynskyi
granite quarry. It was investigated by archaeologists
from the Lower Palaeolithic expedition of the Institute
of Archeology of the National Academy of Sciences
of Ukraine in cooperation with geologists (Yu.M.
Veklich, S.P. Karmazinenko, A.V. Nadvirnyak) for
the first time in 2015. Initially, studied soil horizons,
which are 3 m thick, were attributed by geologists to
the Zavadivka or Lubny unit. Conclusions based on
topography and stratigraphy of the location, as well as
artifact typologies, clearly indicated the discovery of a
new Lower Palaeolithic location in the region (Vetrov,
2016). Research was continued in 2016—2017 under
the guidance of V.N. Stepanchuk. According to new
stratigraphic interpretation of Zh.M. Matviyishina
and S.P. Karmazinenko the palacosols were already
stratified as the Shyrokyne horizon and it was pos-
sible to establish a preliminary conclusion about the
oldest artifacts found in Ukraine — 0.9—1.2 Ma. The
interpretation of stratigraphic subdivision by Zh.M.
Matviyishina and S.P. Karmazinenko has been used
in this paper.
Sampling and methods. Samples for palacomagnetic
studies in the Vyazivok section have been collected
in 2014-2015. 173 oriented rectangular blocks were
taken from the whole sequence, which were cut into
692 oriented cubes with an edge of 2.0 cm. Samples
from Shyrokyne horizon have been processed in 2014
from 2 exposures (Zupynka 1 and Zupynka 2) which
represent the same units of the Lower Pleistocene.

In 2015 a total of 81 blocks were taken from the
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Medzybizh-A section and in 2017 — 17 blocks from
the Holovchyntsi-1 section. Considering the loose
state of the oriented rectangular blocks selected in the
Medzhybizh-A section, it was not possible to make
stable cube samples for magnetometric measurements.
It was possible to make only a few oriented samples
mostly from the lowermost part of the section.

Samples from Shyrokyne palacosol in the Stari
Kaydaky section have been collected over two field
seasons during 2017-2018. It was difficult to reach
the primary exposure because of a thick deluvium
layer. 26 oriented rectangular blocks were taken.
For now 65 oriented cubes from the uppermost part
were cut from 11 rectangular blocks, taken in 2017.
Sampling density is about every 10-20 cm.

Palacomagnetic measurements were carried
out in the laboratory of the Institute of Geophysics
of the National Academy of Sciences of Ukraine
(Kyiv). Partly the measurements were performed in
the laboratories of Palacomagnetism Department of
the Institute of Geophysics of the Polish Academy of
Sciences (Warsaw) and The Ivar Gizver Geomagnetic
Laboratory hosted by the Centre for Earth Evolution
and Dynamics at the University of Oslo (Oslo).

The natural remanent magnetisation (NRM) was
measured using JR-6, JR-6A magnetometers and
SQIUD 2G Enterprises magnetometer accompanied
by an alternating field demagnetizer. All samples were
subjected to stepwise thermal demagnetization (THD)
up to 240-350° C and alternating field demagnetization
(AFD) in fields of up to 100 mT. All measurements
have been performed inside the magnetically shielded
rooms to minimize the acquisition of present-day
viscous magnetization.

Directions of  characteristic remanent

magnetization (ChRM) component has been calculated
by multicomponent analysis of the demagnetization
path (Kirschvink, 1980), using Remasoft 3.0 software
(Chadima and Hrouda, 2006). Polarity zones were
built in MPS program (Man, 2008).
Brief overview of previous results and new
preliminary data. Vyazivok section. Previously
the Vyazivok profile had been palacomagnetically
studied in the 1970’s (Veklich, 1982). In one sample
at the lowermost level of the Sula loess (the samples
below were not selected) anomalous polarity had
been established. It was announced that the MBB
lies at the top of the Martonosha palaeosol, and it had
long been thought that the Martonosha unit belongs
to Matuyama chron. This conclusion was the basis for
futher correlation charts of the Quaternary in Ukraine
and neighboring territories (Lindner et al., 2004).

The whole sequence had been studied by
(Vigilyanskaya, 2001b; composite palacomagnetic
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section is in fig. 9 in (Matviishyna et al., 2001)). 233
samples were thermally demagnetized up to 250° C
and 132 samples were demagnetized by alternating
field up to 50 mT. The MBB was clearly defined in
Shyrokyne palaeosol.

Preliminary results of palacomagnetic and rock
magnetic study of the Vyazivok section were published
by author of this study with co-authors in (Hlavatskyi
etal.,2016b). Most of the samples from the Shyrokyne
unit and surrounding Pryazovya and Illichivsk loess
units containe a high-coercivity component, removed
totally only by 80-100 mT field demagnetization. In
some cases it could not be destroyed even by 100 mT
alternating field or 300°C temperature. According
to thermomagnetic analysis the main carriers of
NRM in studied rocks are magnetite and hematite.
Paramagnetic minerals also play a significant role
in the magnetic properties of this loess-palacosol
sequence (Hlavatskyi et al., 2016b).

Samples demagnetized by alternating field and
temperature have similar positive inclination and
northerly declination values for the depth interval
51.5-56.2 m. Only in two specimens above 56.2
m (from upper part of the Shyrokyne unit), which
were thermally demagnetized, was a full reversal
of directions observed. Other samples keep steady
inclinations in average at 66°. However, data from
samples below suggest a major polarity change at a
depth of 56.2 m which is interpreted as evidence of
the Matuyama—Brunhes polarity boundary. Samples
below this level have mean ChRM inclination direction
-52° and declination direction 181°. The Jaramillo
subchron cannot be identified in the Vyazivok section.

Thus, the MBB was found at a depth of
approximately 56.2 m in the lowermost Shyrokyne
soil sh,. After removal of viscous component, loess
and soil samples display the presence of a stable hard
component carried mainly by hematite.

Stari Kaydaky section. For the first time the
Stari Kaydaky section was studied by A.N. Tretyak
and L.I. Vigilyanskaya and the MBB was determined
in the Shyrokyne palaeosol (V.G. Bakhmutov and
N.P. Gerasimenko, personal communication, 2018).
But any publications of A.N. Tretyak and L.I.
Vigilyanskaya concerning palacomagnetic research
of the Stari Kaydaky profile cannot be found in
the Institute of Geophysics library filing cabinet,
as there are no appropriate references in their
works. Only composite palacomagnetic section is
available. Probably, this section was studied before
1994, because Stari Kaydaky outcrop is marked as
studied section on the map, attached to Pleistocene
Magnetostratigraphic scale of Ukraine (Tretyak and
Vigilyanskaya, 1994).

Preliminary investigations by V.G. Bakhmutov
in 2006 (personal communication, 2018), in which
high precision measurement equipment (including
2G Enterprises magnetometers) had been used, could
not detect the geomagnetic polarity change of the
MBB. The studied part of the profile included interval
from the top of the Shyrokyne unit (uppermost part
with a thickness of 1.5 m) to the Holocene soil. In all
layers, including top of sh, subunit as the overlying
Pryazovya loess and Martonosha palaeosol units, ex-
ceptionally normal polarity was observed.

Works on demagnetization of samples of the
lowermost layers are currently in progress. For now,
a pilot collection of 24 specimens from the entire
thickness of the sh, and sh, subunits, and from upper
humus subhorizon of sh, subunit have been treated
by temperature up to 300°C. Since most of the speci-
mens were fragile, they cannot be heated to tempera-
tures above 300°C and few steps of demagnetization
at temperatures 210, 240, 270 and 300°C have been
carried out. After stepwise THD objectively one sta-
ble component is observed on the orthogonal vector
diagrams (Fig. 2a,b), which is not totally removed by
temperature of 300°C. Probably the secondary com-
ponent overprint was demagnetized at temperatures
lower than 210°C, but incomplete demagnetization
also is possible. In most samples the component,
which was accepted as characteristic, decays linearly
towards the origin, with only normal directions indi-
cating the formation of studied subunits during the
Brunhes chron.

Average value of bulk magnetic susceptibility
is 310x10°¢ unit SI, which is the same as in the Shy-
rokyne unit of the Vyazivok section (31810 unit
SI). These values indicate typical for loess-palacosol
series of Ukraine concentration of magnetic minerals.

Full details of the further palacomagnetic data
from the Stari Kaydaky section require a separate pa-
per and will be presented in future submissions.

Medzhybizh and  Holovchyntsi  sections.
Complex rock magnetic and palacomagnetic studies
of the Medzhybizh-A and Holovchyntsi-1 loess-
palaeosol sections for the first time were performed
by (Bakhmutov et al., 2018) in order to determine
the suitability of these objects for palacomagnetic
study and the establishment of magnetostratigraphic
markers.

The deposits of the Medzhybizh-A and Hol-
ovchyntsi-1 sections are characterized by low values
of magnetic susceptibility, which indicates an insig-
nificant content of magnetic minerals, especially in
the Medzhybizh-A section (in average 82x10 m?/
kg, in contrast to 178x10 m*/kg in the Holovchyntsi
section, Fig. 3). Investigated sections by rock mag-
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Fig. 2. Examples of stepwise thermal (a, b) demagnetization of soil samples from the Shyrokyne unit in the Stari Kaydaky
section, and alternating field and following thermal (c, d) demagnetization of soil samples from the Shyrokyne unit in the
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1 —stereographic projections of demagnetization directions, 2 — orthogonal demagnetization projections, 3 — intensity

decay curves of NRM.
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netic characteristics are closest to the sections of the
Volynian Upland, and refer to the intermediate “Chi-
nese” type of formation of magnetic properties with
an admixture of the “Alaskan” mechanism (Hlavat-
skyi et al., 2016a; Bakhmutov et al, 2017).

Most of the samples from both sections have vis-
ually disturbed texture, which is confirmed by anoma-
lous data on the anisotropy of the magnetic suscepti-
bility. In interpretation of (Bakhmutov et al., 2018),
it reflects the orientation of ferrimagnetic grains due
to currents, slope processes, winds etc. Samples, in
which the primary magnetic texture is not broken,
were selected for further laboratory palacomagnetic
studies.

In order to determine characteristic component of
NRM a pilot collection of the samples from both sec-
tions has been demagnetized by stepwise AFD up to
100 mT (using cryogenic SQUID magnetometer 2G
Enterprises with an in-line alternating field demagnet-
izer), and THD up to 240-350°C. Most of the samples
show ChRM directions of normal polarity (Fig. 2c,
d). Below the soil horizon sh, in the Holovchyntsi-1

section the NRM and ChRM values decrease in aver-
age to 1x10° mA/m and 0.5%10° mA/m, respectively
(Fig. 3), and the samples show a large scatter of the
ChRM directions with predominantly anomalous po-
larity.

Taking into account the secondary changes in the
deposits, the minimum values of the remanent mag-
netization in the soil, the small thickness of the sec-
tion as a whole, it is not possible to reliably determine
the primary component of the magnetization in the
deposits within the lowermost layers. Statistical char-
acteristics of NRM and ChRM after demagnetization
by magnetic field and temperature are shown in fig. 3
in (Bakhmutov et al., 2018). The average values for
the directions of the NRM and ChRM components
within sh, subunit agree within 95% and 99% confi-
dence limits and indicate a direction close to the cur-
rent geomagnetic field in the area (Fig. 3).

The results of palacomagnetic studies turned
out to be uninformative for the most layers of the
Medzhybizh-A section and for the lowermost part of
the Holovchyntsi-1 section (sh, subunit) because of
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Fig. 3. Results of palacomagnetic study of the Holovchyntsi-1 section: lithostratigraphy (Matviishyna and Karmazinenko,
2017), magnetic susceptibility, normal remanent magnetization, ChRM directions, discriminant function and
palacomagnetic chart.
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the almost complete absence of ferrimagnetic material
and the disturbance of the sedimentary magnetic
texture of the rocks. The entire loess-soil stratum of
the Medzhybizh section according to preliminary data
can be attributed to the Brunhes chron, i.e. the age of
the rocks in the section does not exceed 780 kyr. In
the Holovchyntsi-1 section the Matuyama—Brunhes
boundary also was not clearly identified. The polarity
is reliably allocated only in the upper soil sh,.

Discussion.  Preliminary  palacomagnetic  data
obtained in key Pleistocene sections of the Middle
Dnieper region in contrast to most of current
palacogeographic reconstructions (Veklich, 1995 cited
in Bolikhovskaya and Molodkov, 2006; Matviishyna
et al., 2010; Gozhik and Gerasimenko, 2011) and in
agreement with the earlier conclusions in (Tretyak
and Vigilyanskaya, 1994; Vigilyanskaya, 2001a, b)
and the latter correlation model (Bogucki et al., 2012)
manifest the position of the MBB in the lowermost
part of the Shyrokyne pedocomplex. In the Vyazivok
section the MBB was found in the Shyrokyne palacosol
subunit sh , which is in full agreement with previous
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data, obtained by Vigilyanskaya (2001b). Preliminary
investigations, obtained by V.G. Bakhmutov in 2006
and ongoing study of Stari Kaydaky profile cannot
indicate evidence of the MBB boundary at least above
sh, subunit (Fig. 4).

The Medzhybizh-A section and the lowermost
part of the Holovchyntsi-1 section from Podolia re-
gion are characterized by low concentration of fer-
rimagnetic material, the destruction of the primary
sedimentary magnetic texture, which makes them
unsuitable for qualitative magnetostratigraphic stud-
ies. Additionally, the Medzhybizh-A section has very
small thickness of stratigraphic units (Fig. 4). A zone
of normal polarity, probably the Brunhes chron, has
been reliably determined in the uppermost part of the
Holovchyntsi-1 section (sh, subunit). The palacomag-
netic veracity of the remaining investigated layers is
questioned. Unfortunately, reliable data on the MBB
and, correspondingly, data on the age of any layers
with artifacts in the Medzhybizh-A and the Hol-
ovchyntsi-1 sections more than 780 kyr have not been
obtained from the results of palacomagnetic studies.
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Fig. 4. Comparison chart of Shyrokyne palacosol complex in the Vyazivok, Stari Kaydaky, Holovchyntsi and Medzhybizh

sections.
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These results further supports that the Shyrokyne
palaeosol unit should be comparable to the marine
oxygen isotope stage 19 (as well as in (Bogucki et al.,
2012)) rather than 25 (Veklich, 1995, cited in Bolik-
hovskaya and Molodkov, 2006) or 21-33 (Lindner et
al., 2006).

Inconsistencies in the stratigraphic position of
the MBB in the Shyrokyne and Martonosha units
relative to the national stratigraphic scheme (Veklich
et al., 1993) in different studies could be caused by
following factors: 1) ambiguous physical definition
of the palaecoclimatic boundaries; 2) the relatively
low sampling resolution of some previous studies;
3) methodological difficulties in determination of the
ChRM component; 4) inconsistent or incorrect strati-
graphic subdivisions of Pleistocene loess-palacosol
series in some studies. They are not evidently asso-
ciated with the influence of secondary magnetization
processes on the palacomagnetic record because of a
huge distance between the Shyrokyne and Martono-
sha units in the Middle Dnieper sequences (3—13 m).
Even for thick Chinese loess sequences lock-in effect
exceed not more 2-3 m (Tauxe et al., 1996; Zhou and
Shackleton, 1999; Spassov et al., 2003; Liu et al,,
2008). Since the MBB was defined in loess series of
Ukraine much more often in palacosol, it should be
stratigraphically the same horizon.

Furthermore, the determination of the position
of the MBB in loess sections should take into ac-
count the fact that loess sediments are affected by
soil formation processes less than compared to soils
(Bolshakov, 2008). Therefore, the overprinting effect
of chemical magnetization in loess is less significant.
Thus, loess can serve as a barrier against palacomag-
netic lock-in depth due to secondary chemical pro-
cesses. In other words, if the Matuyama—Brunhes re-
versal is synchronous with the formation of a part of
soil horizon, the palacomagnetic record of the rever-
sal in general cannot be displaced appreciably below
the boundary between the soil and underlying loess
(Bolshakov, 2008). The Pryazovya loess unit below
the Martonosha unit in the Vyazivok and Stari Kay-
daky sections has completely normal polarity, which
excludes secondary processes overprint on the palae-
omagnetic record in above layers. Notably, in earlier
works (Veklich, 1982; Veklich, 1987), in which the
MBB had been placed in the Martonosha unit, the en-
tire underlying Pryazovya loess has normal polarity
and it was mistakenly attributed to Jaramillo excur-
sion.

Magnetic and palacomagnetic characteristics of
the key sections of the Ukrainian loess sequences
composed of various types of loess-palacosol hori-
zons should be carefully studied and an integrated

palaecogeographic analysis of the sediments should be
conducted in order to compare climatic conditions of
the formation of loess and soil units located around
the MBB in different sequences. Clarifying the ques-
tion of stratigraphic position of the MBB in key loess
series of Ukraine allows recognizing the most ob-
jective chronostratigraphic marker and would help
to correlate them with other loess sequences across
Eurasia.

Conclussions.

Using multiple tools of measurements in different
palacomagnetic laboratories, the MBB was identified
in the Vyazivok section at the Shyrokyne lowermost
palaeosol sh, subunit.

In the Stari Kaydaky section the MBB cannot be
defined at least above Shyrokyne sh, subunit. Further
study is currently in progress to identify polarity re-
versal in underlying layers.

Among studied sections in Podolian Upland only
the uppermost part of the Holovchyntsi section (sub-
horizon sh,) has been turned out to be acceptable for
palacomagnetic studies, in which the Brunhes chron
of normal polarity has been reliably determined. The
palacomagnetic informativeness of the rest of the
studied strata is questionable.

In the present Ukrainian stratigraphic system the
chronological setting of the Shyrokyne and Martono-
sha units is regarded in different ways. It appears most
reasonable (at least in studied sequences) to correlate
the Shyrokyne complex with MIS 19, and the Mar-
tonosha unit with MIS 17. This correlation supports
the stratigraphic model of (Bogucki et al., 2012).
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Received: 31.01.2019 Abstract. With the aim to reconstruct the Pleistocene soils in Azov Lowland (geological
Received in revised form: 22.04.2019 sections near the villages of Bezimenne and Melekine Donetsk region), we carried out
Accepted: 24.04.2019 palacopedological research. The Paleopedological method was used, which consisted

with a detailed analysis of the morphological (color, structure, granulometric composition,
humidity, composition, neoplasms, inclusion, transition between horizons, border) and micromorphological (skeleton, plasma, color,
aggregation, porosity, organic and clay parts, mineral skeleton, tumors, microstructure) features. Paleopedological studies of Pleistocene
soils have allowed to determine the types of these deposits and to follow the dynamics of changes in soil conditions: - warm-temperate
with signs and close to subtropical, when formed reddish cinnamon (kr, ), reddish brown (kr,,), cinnamonish-brown (sh, ), reddish
cinnamon (sh,,), dark-colour (meadow reddish cinnamon) merged (mrb2 + mir, ), reddish cinnamon, brownish, fused saline soils (mr,)
Kryzhanivka, Shyrokyno and Martonosha soils, which are distinguished by reddish shades of coloring of the profiles, are the most
ferruginous, clay, with a large number of nodules witch concentration of organo-iron-clay material; - moderately-warm transition to
subtropical — red-brown saline (Ib ), dark-colour (brownish-cinnamonic) fused (Ib,, + Ib, ) heavy loam Lubny soils, with are less
clayed, ferruginous and formed in meadow-steppe and steppe conditions (brownish-gray with cinnamonish shades of coloring profiles,
the presence of moleholes, complex microaggregation); - moderately variable — humid close to subtropical — cinnamon and cinnamon
saline (zv,), reddish-cinnamon saline (zv,,), heavy loam Zavadivka soils, which are a transitional variant to temperate climates,
although some of the features of the lower Pleistocene soil formation are retained (ferrugination, presence of segregated clusters
organo-clay and clay materials, microortshteins); - moderately-warm equally humid — cinnamon-brown (kd, ), ordinary chernozems
(kd, ), cinnamonish-gray saline (pl, ), chernozem saline (pl, ,), brown steppe (pl ), heavy and medium loam Kaydaky and Pryluky soils,
characterized by the grayish shades of coloring of profiles, the presence of moleholes, carbonates, complex microaggregates, pores
and are closest to modern soils; - moderately-warm subarid — cinnamonish-brown (vt,,) heavy loam Vytachiv soils formed under the
influence of turf (the presence of crust, carbonate, complex microaggregates) and brown-liked (cinnamonish-brown color of the profile,
spatial structure of clays) of soil formation processes and have no analogues in modern soil cover; - moderately-continental and more
arid (dry) — chernozems saline (df;,), brown saline (df), desert-steppe fulvous (df ), medium loam Dofinivka soils, with clear features
of xeromorphism (low profile power, its carbonate, lack of signs of organo-mineral materials) replacing.
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AHoTAamis. 3 METOI PEKOHCTPYKIIiH IUICHCTONIEHOBUX TPYHTIB Ha TepuTopii [Ipna3oBchKoi HU30BUHU (TCOIOTIYHI PO3pi3H OIS Cil
Besimenne i Menekine Jlonernpka o6maacTs) HaMu OyJIH IIPOBEAEHI Maseone0aoriyni gocuimkenns. [Ipu ix nqocmimkenni Oy 3acToco-
BaHHH MaJEONEN0IOTTYHIH METOL, 1110 MOJISATaB Yy AeTaIbHOMY aHali3i X Mopdosoriunux (3abapBieHHs, CTPYKTypa, IPaHyJIOMeTpHY-
HUU CKJIaJl, BOJIOTICTbh, CKJIaJICHHS, HOBOYTBOPCHHS, BKJIFOUCHHS, MEPEXii Mi’K TOPU30HTAMH, MEkKa) 1 MIKpOMOP(OIOTiYHUX (CKETIET,
ia3ma, KoJip, arperoBaHiCTh, MOPUCTICTh, OPraHivuHa 1 IIMHUCTA YaCTHHHU, MIHEPAJIbHUIN CKEJIeT, HOBOYTBOPEHHS, MIKPOCTPYKTYpPa)
ocobnuBoctel. [TpoBeneHi maneone0IoriyHi OCIIIKCHHS TICHCTOIICHOBHX IPYHTIB J03BOJIMIM BCTAHOBHTH THUIH IUX BiJKIaiB
Ta MPOCIIAKYBaTH AMHAMIKY 3MiH YMOB iX I'PYHTOYTBOPEHHS: - TEIUIO-IOMIPHUX 3 O3HAKaMH 1 ONU3BKUX O CyOTPOIMIYHUX, KOJH
(bopmysanucs 4epsonyBarto-kopuunesi (kr, ), uepBoHyBaro-Oypi (kr,), KopuuHrOBar0-Oypi (sh, ), depBoHyBaro-KOpHuHEBi (sh,,),
TEMHOKOJIIPHi (JIy4HO-4ePBOHYBATO-KOPUYHEBI) 31MTi (mr,,+mr, ), 4epBOHyBaTO-KOPUYHEBi OypyBaTi 31MTi CoJOHIIOBATI (mr,)
KPW)KaHIBChbKi, IIMPOKUHCBKI 1 MapTOHOCHKI IPYHTH, SIKi BHPI3HSIOTHCS YEPBOHYBAaTUMH BiJTiHKaMH 3a0apBieHHs NpodiiiB, €
HAMOUTBII 03aTi3HCHUMH, TIMHUCTUMH, 13 BEIIMKOK KUIBKICTIO OOiMOMOAIOHHMX CTSXKIHb OPraHO-3a7i3MCTO-TITHHUCTOT PEUOBHHU;
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- MOMIpHO-TEMIMX TEePEeXiHUX 10 CyOTPOMiYHUX — 4epBOHO-Oypi comonmrosari (Ib,)), TeMHOKoMipHi (OypyBaTO-KOPUUHEBI) 3MHTI
(Ib,,* 1b,,) BAKKOCYIIIMHKOB JTyOCHCBKI TPYHTH, € MEHII ONTMHECHUMH, O3aJIi3HEHUMH i (pOpMyBamCs y Jy9IHO-CTETIOBHUX i CTEMO-
BHX yMOBax (OypyBaro-cipi 3 KOpUYHIOBaTUM BiITIHKOM 3a0apBiIeHHs MPOQisIiB, HASBHICTH KPOTOBHH, CKJIaIHA MIKPOArperoBaHiCTh);
- MOMIPHHX 3MiHHO-BOJIOTHX ONM3BKAX 10 CyOTPONIYHMX — KOPUYHEBI i KOPUYHEBI CONOHIIOBATI (ZV,), YEPBOHYBATO-KOPUYHEB]
COJIOHIIIOBATI (2V,,) BaYKKOCYIIMHKOBI 3aBa/liBChKi IPYHTH, SIKi NPEICTABJIAIOTH CO00I0 MEpEeXifHui BapiaHT 10 IPYHTIB HOMipHOTO
KJIiMary, Xoua 30epiraloTh JesKi pUCH HIKHBOIUICHCTOLIGHOBOIO I'PYHTOYTBOPEHHSI (03al1i3HEHICTh, HAasBHICTh CerperauiiiHux CKyI-
YeHb OPraHO-IIMHHUCTOI 1 TNIMHUCTOI PEYOBHHM, MIKPOOPIITEHHIB); - MOMIPHO-TEIUINX PIBHOMIPHO BOJIOTUX — KOPHYHIOBATO-Oypi
(kd,,), woprosemu 3Bn4aitni (kd,,), KopuurroBaTo-cipi cononmosari (pl, ), 9opHo3eMu comormosari (pl,,), Oypi cremnosi (plc) Bak-
KO- 1 CepeHbOCYIIIMHKOBI KalJalbKi 1 IPUIYLBKI IPYHTH, SIKi XapaKTepU3YIOThCs CipyBaTHMU BiITIHKaMU 3a0apBieHHs MpoQiliB,
HAsBHICTIO KPOTOBHH, KapOOHATIB, CKIaJHUX MiKpOarperaris, Mop i € HaliOLIbII OMU3BKUMH /10 CYYaCHUX IPYHTIB; - IIOMiPHO-TETUTIX
Cy0apHIHUX — KOPUYHIOBATO-Oypi (Vt,,) BAXKKOCYIVIMHKOBI BUTAYiBChKi IPYHTH, 110 ()OPMYBAJIUCA MiJl BILIMBOM JIEPHOBOTO (HAsBHICTH
KPOTOBHH, KapOOHATHICTh, CKJIAaJHA MIKpOArperoBaHicTh) i Oypo3eMonoaiOHOro (KOpHYHIOBATO-Oype 3abapBicHHS Npodiiro, Ty-
CKyBara CTPYKTypa IJIMH) IPYHTOYTBOPIOBAIBEHOTO IPOIECIB 1 HE MAalOTh AHAJIOTIB Y Cy4acHOMY IPYHTOBOMY ITOKPHBI; - IOMIpHO-
KOHTHHEHTAIIbHUX 1 apuIHINMX (CyXHX) — 4opHO3eMHu cononmosari (df,), Oypi conommmosari (df), Gypi myctensro-cTenosi (df)
CEPEIHBOCYTIIMHKOBI JO(IHIBCBKI IPYHTH, 3 YITKUMH pUCaMH KcepomMopdisMmy (Mana MOTYKHICTh Mpodiito, Horo kapOOHATHICTH,
BIJICYTHICTh O3HAK MEPEPO3MOILTY OpraHO-MiHEPAJIbHUX PEYOBHH).

Knrouosi cnosa: naneonedonoeis, nieiicmoyen, Ipyumu, Mopgo-, Mikpomopghonozis.

Introduction. The Pleistocene soils, which started
to develop about 2.6 million years ago, are one of
the most important indices for palacogeographical
reconstructions of this period. They are peculiar
natural indicators, phenomena and «monumentsy»
of the ancient natural conditions of the time of their
formation. No wonder the fossil soils are considered as
akind of archaeological paleogeographic information.
Paleopedology, the branch of paleogeography (the
science about the ancient geographic sphere and the
nature of the Earth’s surface), which studies ancient
(fossil) soils, deals with the study of fossil Holocene,
Pleistocene, Pliocene and more ancient soils and
deposits (Veklych e. a., 1979).

Prerequisite for conducting paleopedological
studies of Pleistocene soils in the Azov Lowland is
the presence on the Azov Sea of the outskirts of the
Pleistocene and somewhere more ancient Neogene
deposits. Since the Azov lowland is a stratotype region
of the Pliocene-Pleistocene deposits in the southern
part of Ukraine. Paleopedological investigations on
this territory (sites near Mariupol, Shirokine village)
were conducted by M.F. Veklych, N.O. Sirenko,
Zh.M. Matviishyna (Veklych, 1968, 1982; Veklych,
Sirenko, 1972; Veklych e. a., 1973) and later by the
author (Karmazinenko, 2013, 2014, 2017).
Matherial and methods of research. In the
study of Pleistocene soils in the Azov Lowland, a
paleopedological method was used which based on the
study of morphology (color, structure, granulometric
composition, humidity, composition, neoplasm,
inclusion, transition between horizons, boundaries)
and micromorphological (skeleton, plasma, color,
aggregate, porosity, organic and clay portions, mineral
skeleton, neoplasms, microstructure) of the features of
ancient deposits (Veklych e. a., 1979; Karmazinenko,
2010; Matviishyna, 1982).

In order to reconstruct the Pleistocene soils
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in the Azov Lowland, the author carried out field
paleopedological research of Pleistocene soils of
Kryzhanivka (kr), Shyrokyno (sh), Martonosha (mr),
Lubny (Ib), Zavadivka (zv), Kaydaky (kd), Pryluky
(pD, Vytachiv (vt), Dofinivka (df) stratigraphic
horizons (Veklych e. a., 1993; Gozhik e. a., 2012) of
the villages of Bezimenne (5 clearings) and Melekine
(7 clearings) of the Donetsk region. It should be noted
that in order to clarify the genesis of the Pleistocene
soils, we first used a micromorphological analysis
(200 thin section with undisturbed structure were
analyzed under a polarization microscope).

Results and their analysis. On the basis of the
results of Paleopedological (morphological and
micromorphological) studies of Pleistocene soils of
Kryzhanivka (kr), Shyrokyno (sh), Martonosha (mr),
Lubny (Ib), Zavadivka (zv), Kaydaky (kd), Pryluky
(pD, Vytachiv (vt), the Dofinivka (df), stratigraphic
horizons (Veklych e. a., 1993; Gozhik e. a., 2012),
a change of paleogeographic conditions during the
specified stages in the Azov lowlands was observed.
Kryzhanivka horizon (OIS — 53-41 (Veklych e. a.,
1993; Gozhik e. a., 2012). Kryzhanivka age formation
were studied near village Melekine. They represented
by soils of climatic optimum: reddish-brown (kr, )
and reddish-cinnamon (kr, ). Characteristic features
of their morpho- and microstructure are: reddish
shades of coloration, ferrugination (studied soils,
among all the studied are most ferruginous), clayed, in
the microstructure the presence of segregation of clay
and iron-clay material, impregnation of the plasma by
microcrystalline calcite.

The upper reddish-brown soil of the climatic
optimum (kr,,) in its microstructure reflects the
signs of the processes of some transition to steppe of
landscapes (the development of simple and complex
microaggregates, intense penetration of plasma
by microcrystalline calcite in the lower part of the
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profile). Although, the presence of nodules with
concentration of iron-clay material, microortshteins
in soils is evidence of an alternating humid regime
during their formation (Fig.1).

Sl < gl

Fig.1. Microstructure of reddish-brown (kr, ) Kryzhanivka soil (village of Melekine): a — round form of accumulation of

2012). By paleopedological data on the territory of
the Azov Lowland were characterized with reddish-
cinnamon (sh, ) and cinnamonish-brown (sh, ) soils,
which as Kryzhanivka, are subarid soil formation.

iron-clay material; b — segregation of iron-clay material; ¢ — iron-manganese stains and microortshteins on the background
of iron-clay plasma; d — plasma infiltration by microcrystalline calcite (a-¢ — nic. ||, d — nic. +, magnification 100)

Lowerreddish-brownsoil (kr, ) reflects somewhat
damper conditions of its formation compared to the
upper ones. It is more ferruginous, clayed, in the
microstructure, signs of reorientation of clay and
iron-clay material with concentrations of ferruginous
mull humus in the bundles and lumps are defined.
Clay and iron-clay plasma in the lower part is more
impregnated with microcrystalline calcite, as well as
more intensely colored with oxides and hydroxides of
iron and manganese near pores (Fig.2).

| !

Fig. 2. Microstructure of reddish-brown (kr,

The wupper reddish-cinnamon soil  (sh,,),
investigated in the section village Melekine, is
somewhat lixiviated from carbonates (in the lower
part their number increases — carbonate-clay plasma
is impregnated with microcrystalline calcite) and is
characterized by a nuttish-prismatic structure, an
argillaceous composition, in the form of blocks with
a large number of nodules witch concentration of
organo-clay material (Fig.3). The type of the profile,
the intensive ferrugination, claying, which is most

) Kryzhanivka soil (village of Melekine): a, b —signs of displacement of clay

and iron-clay material; ¢ — concentration of clay material impregnated with hydroxides and iron oxides and manganese
near pores; d — plasma penetration by microcrystalline calcite; (a-c¢ — nic. ||, d — nic. +, magnification 100)

The indicated signs (capacity of the profile, clay
composition, ferrugination, reddish shades in color)
show that formation of Kryzhanivka soil was in a
warm, moist (change-humid), close to arid subtropical
climate. But at the same time, the soils reflect the
intensification of the processes of steppe growing in
landscapes (if compare with the northern territories
where reddish, red-brown, alkali free forest and
meadow soils were formed), they changed with more
steppe differences — red-brown (kr,)) and reddish-
cinnamon (kr, ) carbonated.

Shyrokyno horizon (OIS — 35-21) (Gozhik e. a.,

defined in the middle part of the profile, the features
of lixiviation indicate the signs of warmer and humid
conditions of soil formation, compared with the
Martonosha and Lubny soils of the lower Pleistocene.

The lower cinnamonish-brown soil (sh,, — the vil.
of Bezimenne) differs from the reddish-brown (sh,,)
stronger profile (1.50m), is much clayed, ferruginous,
carbonate, with a significant development of complex
microaggregates of the I-II order, the presence of
nodules with concentration of organo-clay, clay
and iron-clay material (their formation is probably
connected with meadow processes and with periodic
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Fig.3. Microstructure of reddish-cinnamon (sh,,) Shyrokyno soil (village of Melekine): a — segregational clusters of
organo-clay material separated by pores; b — large (0,7 mm) cluster of iron-clay material; ¢ — carbonate-clay plasma,
paintwork pores with oxides and hydroxides of iron and manganese; d —uniform concentration of grains of microcrystalline
calcite in plasma; (a-c — nic. ||, d — nic. +, magnification 100)

excess moisture), iron-clay microortshteins (processes
of redistribution of iron oxides and manganese, pulling
them to the edges of pores-cracks), microcrystalline
calcite (Fig.4). All these signs indicate a somewhat
wetter conditions for the formation of this soil.
Shyrokyno soils are quite close to the Martonosha

soils (2.0m thickness) were developed. They are
characterized by a dark gray with a reddish tinge
color of the profile, are more clayed and ferruginous
compared with the Lubny and form one polygenetic
profileinwhich some soil formation stages (mr, ,+mr, )
are combined. The meadow-reddish-cinnamon dark-

Fig. 4. Microstructure of cinnamonish-brown (sh, ) Shyrokyno soil (village of Bezimenne): a — uniform impregnarit of
plasma by iron-clay material, nodules, clusters of iron-clay material; b — round segregational clusters of clay and iron-
clay material; ¢ — iron-manganese microortshteins, uniform plasma impregnation with humus and its rounded clusters;

d — accumulation of fine-crystalline calcite grains (a-c — nic. ||, d — nic. +, magnification 100)

signs, but they are characterized by a more intense
reddish tinge of the color of the profile, they are more
ferruginous (iron-clay plasma), clayed (the number of
nodules witch concentration of organo-clay, clay and
iron-clay material is much larger). In comparison with
the soils which were formed to the north, the studied
soils of the Azov Lowland is differed in a higher
position of the carbonate horizon, the presence along
with the blocks of aggregate microconsolidations and
the impregnation of the plasma by microcrystalline
calcite in the middle and lower parts of the profiles,
indicating somewhat arid conditions of the warm-
moderate close to subtropical climate.

Martonosha horizon (OIS — 19-17) (Gozhik
e. a., 2012). On the territory of the study during the
Martonosha period soils, as in well as the Shyrokyno
and Kryzhanivka time, are characterized by a reddish
tinge of the color ofthe profile, are clayed, ferruginous.

Near village of Melekine dark-colored fused
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colored soil of the climatic optimum mr,, is lixiviated
from carbonates (“washed” carbonates accumulate
in cinnamonish-brown loess-liked material (Pikgl
(mr,)), with carbonate concretions, light carbonate-
clay plasma and clusters of microcrystalline calcite),
with gypsum and shows signs of nettish orientation of
clay with spots of manganese in the lower part (Fig.5).
The material of the reddish-light-brown dark-colored
soil of the climatic optimum, mr, , is more ferruginous
(enriched in iron and aluminum compounds), clayed
(presence of clay particles) and with carbonate
(concretions) compared to the upper (mr,). For the
soil also characterized by a lesser manifestation of the
signs of reorientation of clay and skeletal material and
some gleying (meadow formation conditions).

In Martonosha time in the section village of
Bezimenne were investigated reddish-cinnamon-
brownish fused saline soils (1.0m) mr, substrage,
with features of the steppe (in the upper and middle
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Fig.5. Microstructure of dark-colored (meadow-reddish-cinnamonic) fused — mr,

, T mr, ) Martonosha soils (village of

Melekine): a — rounded clusters of iron-clay material; b — displacement of clay and skeletal material; ¢ — iron-manganese
microortshteins elongated form; d — the rounded concentration of microcrystalline calcite in a plasma; (a-c —nic. ||, d — nic.

+, magnification 100)

sections of the profile — the development of complex
microaggregates to the III order and the nodules
witch segregations of the organ-iron-clay material,
the isolation of calcite in plasma, and about pores
throughout the profile) and meadow (in the bottom —
the presence of glayed micro-sections and gypsum,
slight movement of clay) soil formation (Fig.6).
Compared to the Kryzhanivka and Shyrokyno,
the Martonosha soils are characterized by less

polygenetic profile and reflect an increase in signs of
xerophyticity that was characteristic of the conditions
of the southern and southeastern parts of Ukraine. All
these features indicate the conditions of formation
of these enriched, composed in the form of blocks
with organo-clay soils, when the climatic conditions
were warm-temperate and close to subtropical ones
(warmer in comparison with the Zavadivka and
especially the Lubny soils). Probably in the first half

Fig. 6. Microstructure of reddish-cinnamonic fused saline (mr,) Martonosha soil (vil. of Besimenne): a — rounded clay
segregation separated by pores; b — iron-manganese stains; ¢ — signs of the of iron-clay material transfer; d — concentration
of gypsum in the pores; (a-c — nic. ||, d — nic. +, magnification 100)

thickness of soil profiles, with a lack of well-defined
genetic horizons, are not so ferruginous (though they
are noticeably enriched in hydroxides of iron and
aluminum)andclayed, withlessnumberofnodules with
concentration of organo-iron-clay material. The soils
also have dark brown and reddish-dark-cinnamonic
color (the highest intensity of reddish coloration in
the middle part of the profile), compactness, fusion,
high clayed with microforms of some mobility of
clays, manganese and iron along the pores with the
impregnation of plasma by microcrystalline calcite.
All this determines their high viscosity in the humid
state and fusibility, density and cracks in drying.
Increased Martonosha soil hydromorphism is due,
apparently, not only to the abundance of atmospheric
precipitation, but also to the close occurrence of
ground water. Soils of different stages often form a

of the optimum the climate was relatively humid, in
the second — the variable-humid, close to the climate
of the current alternating-humid subtropics, but with
clearly detected hydromorphy of landscapes. This
contributed to the development of meadow processes
(the formation of powerful profiles with high mineral
dispersion), which, in combination with periodic
arrigation, rising to the final phase of the Martonian
time, caused the fusion of these soils.

Lubny horizon (OIS—15-13) (Gozhike. a.,2012).
Lubny soils, as well as Martonosha, are characterized
by the active development of soil formation processes,
but in more moderate and more contrasting climatic
conditions. This is confirmed by the formation of the
soil of the sub-boreal climate on most of the territory of
Ukraine at that time, and only in the steppe (including
the territory of the Azov lowlands), the Lubny soils
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had some features of the subtropical. The soils of the
Lubny horizon are very well expressed in the studied
sections, they are characterized by brownish-gray
shades of color of their profile, but always with a
cinnamonic tint. Only in the Lubny soils in the lower
Pleistocene complex microaggregates is developed
and humus is concentrated in the humon. They
also noted the features that are characteristic to the
Kryzhanivka, Shyrokyno and Martonosha soils: some
material clayed (more intensively in the middle part of
the profile), with compact building, it is characteristic
nodules witch concentration of organo-clay material
(apparently associated with meadow processes),
visible features the movement of clays (mainly within
the genetic horizons), iron and manganese in the
form of a large number of microortshteins, darker
coloration of the pores, simultaneously with the
isolation of calcite and gypsum.

The reddish-brown saline soil of the climatic
optimum Ib_, (vil. of Melekine) has a cinnamonish-
brown-reddish coloration of the whole profile (the
clayed and density of the middle part), the presence
of gypsum concentrations. Micromorphology of the
soil is characterized by a manifestation of signs of
reorientation of clay material, the presence of clear
blocks with concentration of organo-clay material,
microortshteins in the middle and lower parts of
the profile, which are signs of raining processes and
salinization in the formation of soil, due to periodic

- v

Fig.7. Microstructure of dark-colored (brown-cinnamonic) fused (Ib,, + b, ) Lubny soil (village of Bezimenne): a — round

processes of excess moisture. The presence of
complex microaggregates (although their number
is negligible), the saturation of carbonates (the
impregnation of plasma by microcrystalline calcite
and gypsum with its concretions) are signs of the
influence of steppe conditions and salinity in the
formation of this soil.

In the section of the village of Besimenne
an unidentified brown-cinnamonic, dark-colored
saline soil, which is characterized by a polygenetic
profile (Ib,,: He, Hpki, Pks and Ib, : Hpk, Pk), was
detected. The climate of the climatic optimum
(Ib,,)) is characterized by the signs of steppe soil
formation (lumpy-granular structure, the presence
of moleholes and wormholes, the development of
complex microaggregates to the third order separated
by pores and nodules witch concentration of organo-
clay material in conjunction with the impregnation of
the plasma by microcrystalline calcite). At the same
time, its profile is saline in the middle part, with the
traces of reorientation of clay and the presence of a
significant amount of microortshteins (Fig.7). The
lower soil of the climatic optimum Ib,, reflects the
features of meadow-steppe signs of soil formation
and differs in the smaller development of complex
microaggregates, but with more iron-manganese
microortshteins (periodicity in moisture).

The definite signs indicate that climatic
conditions in the territory of the Azov lowland during

segregational clusters (0,2mm) of iron-clay material; » — complex rounded microaggregates of the I-II order, separated
by pores; ¢ — uniform impregnation of the plasma with clay, iron-manganese microortshteins (0.5mm) of concentric
microstructure; d — small crystals of gypsum; e — complex microaggregates of II order, separated by pores; /' — round
segregation of clay material; g — there are blocks separated by pores, iron-manganese stain; /# — concentration of micro-
and small-crystalline calcite in a pore; (a-c, e-g — nic. ||, d, h — nic. +, magnification 100)
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the formation of the Lubny soils were quite warm,
close to subtropical ones (ferrugination, claying and
carbonation of the profile), but more moderate and not
as warm as in the Zavadivka and Martonosha times.
The soils are clayed and ferruginous, but to a lesser
extensively than Martonosha and differ from them in
grayish shades of coloring profiles. The studied soils
are saline, with clear blocks and clutches of organo-
iron-clay material and features of redistribution
of clays within the genetic horizons. The soil Ib,
(vil. of Bezimenne) is characterized by a deeper
playcing of the carbonate horizon and a large number
of microortshteins. The lower soil of the climatic
optimum (Ib, ) was definitely formed in meadow-
steppe conditions, and the upper (Ib,,) — steppe.
Zavadivka horizon (OIS — 11) (Gozhik e. a.,
2012). In Zavadivka time were investigated reddish-

concentrations of gypsum. Micromorphology of the
soil is characterized by the presence of a significant
number of segregational clusters of organ-iron-clay
material, complex microaggregates of the I-1I orders,
and the impregnation of the plasma in the carbonate
horizon by micro- and small-crystalline -calcite
(Fig.8).

The cinnamonic saline soils with the chernozem-
like profile of the climatic optimum zv, (vil. of
Melekine) differs from the reddish-cinnamonic
saline soil zv,, by greater claying, density of profile
with cracking pores and drosses of gypsum and
manganese puncturing. They are also less ferruginous,
aggregated (less complex microaggregates of the I-11
order and the separation of organo-clay material on
the background of a dense block microstructure with
cracking pores) and carbonate and shows signs of a

Fig. 8. Microstructure of reddish-cinnamonic saline (zv,,) Zavadivka soil (village of Melekine): a — nodular segregational
clusters of organo-clay material; b — iron-clay plasma, rounded segregational clusters of iron-clay material, separated by
pores; ¢ — dense packing of skeleton grains in clay plasma, spots of manganese; d — concentration of microcrystalline
calcite in the plasma and near the pores; (a-c — nic. ||, d — nic. +, magnification 100)

cinnamonic saline (zv,,), brown saline (zv, ) the
villages of Melekine and cinnamonic soils are also the
climatic optimum zv,  (vil. of Bezimenne).

The reddish-cinnamonic saline soil  (vil.
of Melekine) of the climatic optimum zv,, is
characterized by a reddish (ferruginous) shade of
the color of the profile, a prismatic-nutty structure,
a significant amount of carbonate nodules and

slight reorientation of the material (jet orientation
of the clay substance, the presence of disaggregated
microdistricts and zones depleted on clay — Fig.9).
Such signs of the soil indicate its formation in more
humid conditions compared with the upper reddish-
cinnamonic saline soil (zv, ).

Besides brown saline soils (vil. of Melekine)
we also had researched cinnamonic soil of climatic

Fig. 9. Microstructure of brown saline (zv, ) Zavadivka soil (village of Melekine): a — isolation of organo-clay in the
form of simple and complex microaggregates of I-11 order, separated by twisted pores; b — segregation of organo-clay
impregnated with oxides and hydroxides of iron and manganese, separated by pores; ¢ — iron-manganese stains; d — dusty-
plasma microstructure, jet orientation of clay material; (a-c — nic. ||, d — nic. +, magnification 100)
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optimum zv,, (vil. of. Bezimenne), with a clear
horizon of carbonates (carbonates in the form of
concretions) and without gypsum. Compared to the
soils formed in the north, cinnamonic soils reflect
us the features of some soils characteristic for the
southern part of Ukraine (the development of complex
microaggregates to the III order, the gradual decrease
of humus with depth, the presence of the carbonate
horizon with carbonate-clay plasma which uniformly
impregnated with microcrystalline calcite) and some
waterlogging (a significant number of segregation
clusters of organo-clay and clay materials, the
presence of microortshteins).

* ] ‘s N

Fig. 10. Microstructure of Kaydaky ordinary chernozem (kd, ) (village of Melekine): @ — humus-clay plasma, complex

(vil. of Melekine), is characterized by a brown-
gray coloration of the profile, lumpy structure, the
presence of quinces, moleholes and carbonates in the
form of veins and nodules. Micromorphologically,
the soil is characterized by such microindications
(Fig.10): complex microaggregates and porosity
(the development of complex microaggregates to the
third order, separated by a system of winding pores),
various isolation of carbonates (plasma infiltration by
microcrystalline calcite, its concentration near pores).
Compared to the northern sections, the soil reflects
the features of some steppe processes (shortened
profile — 0,60m, the presence of complex aggregates,

microaggregates of II-1II order, separated by pores; b — plasma impregnation with humus, isolation (0.2mm) of organo-
clay material; ¢ — carbonate-clay plasma, small microortshteins; d — concentration of microcrystalline calcite in the plasma
and near the pores; (a-¢ — nic. ||, d — nic. +, magnification 100)

Probably, during the Zavadivka time in the
Azov Lowland, the climatic conditions were warmer,
even hot, in comparison with modern ones (large
ferrugination of soils, often their saline). Although
compact structure and inhomogeneous coloration of
the profile is characteristic for the Lower Pleistocene
(Martonosha, Lubny) soils, in the Zavadivka soils it
is also preserved. Probably the soils were formed in
moderate variable-humid (in the presence of periods
of drying), close to subtropical climatic conditions and
represent a transitional version to temperate climates,
which became widespread in the post-Dnieper times.

Kaydaky horizon (OIS — 7) (Gozhik e. a., 2012).
During the Kaydaky time there were more sharp
climatic changes caused by Dnieper glaciation. It’s
influence also affected the development of soil cover.
Instead of the subtropical soils that were distributed
in the Pliocene, and in the south and in the Early
(Martonosha, Lubny horizon) of the Pleistocene, the
temperate continental climate of the Kaydaky period
begins to form similar to the modern ones. On the
territory of the Azov Lowland, we have investigated
the soils of the optimal stage: ordinary chernozem
(kd,,) — village of Melekine and Bezimenne and
cinnamon-brown soils (kd, ) - village of Melekine.

Ordinary chernozem of climatic optimum kd,,
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impregnation of the plasma by microcrystalline
calcite). The climate of the climatic optimum,
kd ,, according to it’s morpho- and microstructure
features is most closely related to modern zonal
soils (chernozem, the usual) that are developing in
this territory, although the climate at that time was
definitely a bit more evenly humid.

The lower, cinnamonish-brown soil of the climatic
optimum kd,, (village of Melekine) is characterized
by a combination of meadow germs (the development
of segregation clusters of organo-clay material, signs
of weak mobility of silt, plasma penetration by oxides
and hydroxides of manganese and its isolation in
the form of spots and microortshteins) and steppe
(small power, poorly differentiated profile, clear
grayish tint in the background of light brown color,
complex microaggregating, plasma penetration by
microcrystalline calcite in the middle and lower
part of the profile) processes of its formation. From
the upper (kd,,) soil, it is differed by less complex
microaggregates and carbonates (Fig.11).

According to paleopedological data, it can be
concluded that the climatic conditions of the Kaydaky
time in the territory of the Azov lowland, as well as
for the whole of Ukraine, have changed. In the first
half of the optimum the soils of the forest-grass
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Fig.11. Microstructure of cinnam
clusters of organo-clay material separated by pores; b — dense packing of grains of the skeleton in clay plasma, iron-
manganese microortshteins; ¢ — plasma impregnation with microcrystalline calcite; d — concentration of microcrystalline
calcite in the plasma and near the pores; (a-c¢ — nic. ||, d — nic. +, magnification 100)

genesis were formed. By the end of the stage, the
climate has changed considerably in the direction of
continentalization — soils of the chernozem type are
developing in the soil cover (kd,,). But the increased
meadowness of these chernozems indicates conditions
that are more damp than the modern southern zone of
chernozem soil formation on the territory of Ukraine.
In general, Kaydaky soils reflect more contrasting
warmly-moderate conditions of their formation,
have a well-formed profile with the genetic horizons
of soils of the boreal, sub-boreal type of temperate-
warm and temperate continental climate. The features
of the upper climatic optimum (kd,,) resemble the
profile of modern soils, but those formed in slightly
more evenly humid conditions. Kaydaky soils are
most similar to the soils that are currently forming
in Ukraine, although some of their features indicate
a more humid conditions for their formation, while
others are more warm.
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Fig.12. Microstructure of cinnamonish-gray saline (pl,;) Plyluky soil (village of Melekine): a — clay plasma of the
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onish-brown (kd, ) Kaydaky soil (village of Melekine): a — rounded segregational

The cinnamonish-gray saline soils of the climatic
optimum pl (village of Melekine and Bezimenne)
are characterized by the following signs of morpho-
and microstructure (Fig.12): dark gray coloration
of the profile with a distinct cinnamonish tinge,
lumpy-nutty structure, clayed, fusion, well formed
carbonate-gypsum horizon, the development of
complex microaggregates to the III order, separated
by pores, the dispersed state of humus, the presence of
microortshteins, grains of micro- and small crystalline
calcite and gypsum of leafy-plaster form. In the upper
part, due to the saline, the soil shows signs of a slight
nettish orientation of the clay material. The presence
and concentration of a large number of microortshteins
indicates a certain periodicity in the moisture of
these soils. Apparently, the soils were formed in the
conditions of a southern meadow grass steppe of
moderately warm climate and combine some of the
properties of chernozem and chestnut soils.

I . B i g

base, simple and complex microaggregates of the II-III order of a rounded form, separated by thin winding pores; b —
round segregation of organo-clay material separated by pores; ¢ — concentric glandular manganese microortshtein; d —
concentration of small plaster crystals in plasma; (a-c — nic. ||, d — nic. +, magnification 100)

Pryluky horizon (OIS — 5) (Gozhik e. a., 2012).
On the territory of the Azov lowland, we were found
hear vil. of Bezimenne the svit of Pryluky soils
(cinnamonish-gray saline — pl, , chernozem saline
— pl,,, brown steppe — pl) and cinnamonish-gray
saline soils of the climatic optimum pl, (village of
Milekine).

The chernozem saline of climatic optimum pl,,
(village of Bezimenne) is dark gray with a brown tinge
with profile color, lumpy structure, the presence of
moleholes and carbonates in the form of impregnation
and mycelium. The soil, in contrast to the corrosion-
gray saline soils (pl, ), is better microagregated over
the entire profile (complex microaggregates of the
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Fig.13. Microstructure of Pryluky (pl,,) chernozem saline (village of Bezimenne): a — uniform impregnation of the
plasma organo-clay material, simple and complex microaggregates of I-II order, separated by pores; b — complex
microaggregates of the III order, round form (0,15mm), separated by pores, iron-manganese microortshtein (0,15mm); ¢
— cluster of microcrystalline calcite; d — concentration of gypsum in the pores; (a-¢ —nic. ||, d — nic. +, magnification 100)

I-IIT order) with the presence of micro- and small
crystalline calcite grains in carbonate-clay plasma,
but less porous (a small number of gypsum crystals
in the upper and lower parts of the profile — Fig.13).

The brown weaclydeveloped steppe soil of the
final stage pl_(village of Bezimenne) is characterized
by poor development of complex microaggregates
of the I-II order, uniform saturation of the plasma by
microcrystalline calcite.

Pryluky soils — cinnamonish-gray saline (pl, ),
chernozem saline (pl ,), brown steppe (pl) reflect
conditions of a moderately warm climate (wetter
and warmer in comparison with modern ones) of the
southern grassland steppe. Soils, forming the suit of
soils (pl,, + pl,, + pl) reflect changes in conditions
of moderately warm climate during the stage. The
most humid conditions were during the formation of
cinnamonish-gray saline (pl, ), somewhat less humid
—chernozem saline (pl, ,) and much less moist — brown
steppe (pl) soil. Pryluky soils, as well as Kaydaky
are the closest to the soils that are currently forming

zone, but in more arid conditions (compared to the
northern territories). Natural zones of Ukraine at the
modern time, in comparison with the Kaydaky, were
displaced to the south.

Wytachiv horizon (OIS — 3) (Gozhik e. a., 2012).
In the Vytachiv time, the cinnamonish-brown (similar
to chestnut) clay optimum vt soils (sections the
villages Melekine and Bezimenne) were investigated.

Morphologically, the soils are characterized
by a cinnamonish-brown coloration of the profile, a
considerable clayed of its middle part, with carbonates
in the form of impregnation, white bilozirka other and
concretion. Under a microscope for soil material, the
development of simple and complex microaggregates
of the III order is characteristic, as wele us the
concentration of the organo-clay material, the spatial
structure of the clay, the presence of microortshteins,
and the saturation of the plasma by microcrystalline
calcite (Fig.14).

Such morpho- (cinnamonish-brown coloring,
profile reduction and its riching in carbonates, high

oy -8

Fig.14. Microstructure of cinnamonish-brown (vt_,) Vytachiv soil (village of Melekine): a — simple and complex
microaggregates of the I-1I1 orders of round form (0,12mm), separated by pores; b — nodules with segregations of organo-
clay material; ¢ — iron-manganese microortshtein (0.25mm); d — dusty-plasma microstructure, uniform concentration of

microcrystalline calcite in plasma; (a-c — nic. ||, d — nic. +, magnification 100)

in Ukraine, although some features indicate a more
humid conditions for their formation, while others
are more warm. In comparison with the Kaydaky,
Pryluky soil formation took place in somewhat more
steppe conditions, although in one moderately warm

322

absorption, especially in the middle part) and micro
sign (the presence of nodules) of soils indicate
their development in fairly warm and relatively
humid conditions. It is possible that the moisture of
these soils was periodic: in the humid season, the
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soil-forming process proceeded in the direction of
brownzems formation, and in dry period under the
steppe type. Such periodicity of humidification is
confirmed by micromorphological data (development
of concentration of organo-clay material, concentric
microortshteins, along with plasmaby microcrystalline
calcite). However, the insignificant power of the
Vytachiv soils (0.70m), the presence of moleholes,
high degree of carbonatisation with the isolation of
the carbonate horizon indicates rather dry conditions
of formation. Probably the Vytachiv soils in this
territory have developed in rather warm conditions of
periodically arid temperate and warm subarid climate
and have no analogues in the modern soil cover.

o . 0
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microcrystalline calcite impregnation of plasma, and
the presence of tabular gypsum (Fig.15). Compared
to the Pryluky saline soils, the chernozem of the
Dofinivka time are even with more quatity of gypsum
content and have the influx of humus in the middle
part of the profile, can see some redistribution of iron
oxides and manganese, which are distinguished in the
form of thin films along the edges of the pores in the
background as well as a whole of the carbonate-clay
plasma. Ale this is a confirmation of its formation in
conditions of insufficient moisture with clear features
of xeromorphism.

In the final (df) stage of the Dofinivka

soil formation there were formed: low-power

Fig.15. Microstructure of the Dofinivka (df ,) chernozem saline (village of Melekine): a — compact packing of grains
of the mineral skeleton in the humus-clay plasma; b — simple and complex microaggregates of the III order (0,lmm),
separated by pores; ¢ — large crystals of gypsum; d — tabular crystals of gypsum; (a, b —nic. ||, ¢, d — nic. +, magnification

100)

Dofinivka horizon (OIS — 2) (Gozhik e. a.,
2012). The morpho- and micromorphological
properties of the Dofinivka soils reflect the features
of the Pleistocene trends to climate aridisation. This
is confirmed by the formation of the chernozem of
saline soils (df,)), steppe brown saline soils and
brown desert-steppe soils in the final stage (df) of the
Dofinivka soil formation.

The Dofinivka climatic optimum soil df,, cherno-
zem saline (village of Melekine) is characterized by a
dark gray color, the presence of moleholes, wormholes,
carbonates and niddles of gypsum, the development
of simple and complex of I-II order microaggregates,

- . . - @ 1 g,
= & !
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i die " i !

o, %

(0.30m) fulvous saline soils (simple and complex
microaggregates of the I order, uniform impregnation
of the plasma by microcrystalline calcite and
gypsum) were investigated in the section the
villages of Melekine and brown desert-steppe soils
(light-boring color, powdery forms of carbonates,
spongy microstructure, simple and complex to the 11
order microaggregates, separated by pores, plasma
infiltration by microcrystalline calcite — Fig.16) — vil.
of Melekine, Bezimenne.

The morpho-and micromorphological properties
of the Dofinivka soils reflect the features of the
Pleistocene’s  subsequent climate  aridization.

Fig.16. Microstructure of brown desert-steppe (df)) Dofinivka soil (villag. of Melekine): a — compact building, dense
packing of grains of mineral skeleton in carbonate-clay plasma; b — complex microaggregates of the II order, separated by
winding pores; ¢ — dusty-plasma microstructure, concentration of microcrystalline calcite in the pores; d — concentration
of microcrystalline calcite in a pore; (a, b — nic. ||, ¢, d — nic. +, magnification 100)
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Insufficient moisture has led to the formation of
chernozem, which had clear features of xeromorphism
(without signs of redistribution of organo-mineral
substances by profile), their profiles are carbonate,
often with gypsun. Xerophytization of conditions
has been especially intensified in the final stage
of the Dofinivka soil formation (the formation of
brown desert-steppe soils). The Dofinivka soils, in
comparison with modern ones, have a higher aridity
of the conditions for the formation of a temperate dry
continental climate, but warmer compared with the
Prychernomorsk time.

Paleopedological results obtained by the author
in person (Karmazinenko, 2013, 2014, 2017) and the
usage of literary data (Veklych, 1982, 1987; Krokhmal,
Rekovets 2010; Sirenko, Turlo 1986) made it possible
not only to reconstruct the Pleistocene soils, but also
to follow the change of paleogeographic conditions
(types of soils, general types of vegetation, faunistic

complexes, and climate) during the Dofinivka,
Vytachiv, Pryluky, Kaydaky, Zavadivka, Lubny,
Martonosha, Shyrokyno and Kryzhanivka stages in
the Azov Lowland (Table 1).

Conclusions. Paleopedological studies (using
micromorphological analysis) of the Pleistocene soils
of the Kryzhanivka, Shyrokyno, Martonosha, Lubny,
Zavadivka, Kaydaky, Pryluky, Vytachiv and Dofinivka
stratigraphic horizons near the villages of Bezimenne
and Melekine in the Azov Lowland made it possible
to determine their morpho- and micromorphological
features, to establish the types of these deposits and
to reconstruct the paleogeographical conditions of the
time of their formation:

- Kryzhanivka (reddish-cinnamon — kr, ,
reddish-brown — kr, ), Shyrokyno (cinnamonish-
brown—sh, ,reddish cinnamon—sh,,) and Martonosha
(dark-colored (meadow-reddish-brown) merged —

mr, , + mr, , reddish-cinnamon brownish fused saline

Table 1. Paleogeographic conditions of the Pleistocene in the Azov lowland (Veklych, 1982, 1987; Krokhmal, Rekovets

2010; Sirenko, Turlo 1986.)

The type of soils which studied Faunistic complexes Climate (aveirage annual
. The general types of temperature, ° C: January/
palaeopedologically by the : . for large mammals .
Stage . . . vegetation (Sirenko, Turlo July; annual rainfall, mm
author sites (vil. of Bezimenne, (Krokhmal, Rekovets
Melekine) 1986) 2010) (Veklych, 1982, 1987;
Sirenko, Turlo 1986)
chernozem saline (df,,), brown .
. ) grass-graze-polynomial- moderate dry (-6--9 / +17-
df sz?ne (df), brown desert-steppe loboda steppes 118: 300-400)
(df)) T 5 Upper paleolithic Soraial barids 3
. - grass-gravel steppes an Mammuthus moderately warm subarids (-3-
vt |cinnamonish-brown (vt,) ravine forests ](mm igenius) -5/ +18-+20; 350-450)
cinnamonish -gray saline (pl, ),
- moderately warm (0-+1/+21-
pl |chernozem saline (pl ), brown |grass-gravel steppes 122: 450-700)
steppe (pl ) ’
. . Khazar
kd cinnamonish-brown (kd, ), grass-gravel steppes and (Mammuthus moderately warm (-2- -3 /
chernozems ordinary (kd,,) ravine forests chosaricus) i +20-+21; 550-700)
. . fgrest-steppe Wlth broadleaf Singh moderately variable and
cinnamon (zv, ), reddish- pine forests with elements . .
2V | cinnamon salil};e (zv,,) of Pliocene flora with grass- (Palaeoloxodon humid close to subtropical (0-
b2 . & antiquus) +2 / +22-+23; 400-600)
mixed grass steppes
forest-steppe with broadleaf- moderately warm transition to
b re(lldis}(;—llzrov(vin ﬁ?lirj_elgbbz)’ dark- gilpe fore;}s with sleme(tilts of subtropica}ll (1-+1 / +21-422:
colored fused (Ib, o) Steloczr;e ora and meadow Tiraspol 550-900)
PP - (Archidiskodon
forest-steppe with broadleaf- ..
dark-colored merged (mr, + mr . . trogontherii) warm-moderately close to
L 3 2 |coniferous forests with .
mr [+ mr,), reddish-cinnamon fused . subtropical (+1-+2 / +22-+23;
! elements of the Pliocene flora
saline (mr,) . 650-750)
3 and mesotic steppes
forest-steppe with broadleaf-
. . Taman
cinnamon (sh ), reddish- coniferous forests with (Archidiskodon warm-moderate close to
sh cinnamon (shbl)’ elements of heat-loving meri dior;a lis subtropical arid (+1-+3 / +22-
b2 flora and meadow-steppe . +24; 550-650)
. tamanensis)
herbaceous vegetation
forest-steppe with broadleaf  [Pseudo warm-tempered with siens of
reddish-cinnamon (kr, ), reddish- |coniferous forests including  |(Archidiskodon “mp &
kr bl . L . subtropical (+2-+4 / +22-+23;
brown (kr,,) elements of heat-loving flora  |meridionalis 500-600) ?
and grassy steppes meridionalis)
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— mr,) soils, which are distinguished by reddish
shades of color, are the most clayed, ferruginous
with a large number of nodules which concentration
organ-iron-clay material; the bixed morpho- and
micromorphological features indicate that such types
of soils could only be formed in the heat-temperate
with signs of subtropical or climatic conditions close
to them;

- Lubny (red-brown saline — Ib,,, dark-colored
(brownish-cinnamon) fused — Ib, + Ib, ), heavy loam
soils, are less clayed, ferruginous, different by brown-
gray a brownish tinge with the color of their profiles,
the presence of moleholes, complex microagregation;
such features of the morpho- and microstructure of
these soils are evidence of their formation in the
meadow-steppe and steppe conditions of a moderately
warm transition to a subtropical climate;

- Zavadivka (cinnamon and cinnamon saline —
zv, , reddish-brown saline — zv, ), heavy loam soils,
which are a transitional variant to the temperate
climate, although some features of the lower
Pleistocene soil formation remain (ferrugination,
presence of segregation clusters of organo-clay and
clay materials, microortshteins) and probably formed
in moderate variably-wet close to subtropical climatic
conditions;

- Kaydaky (cinnamonish-brown - kd, ,
chernozems ordinary kd,) and Pryluky
(cinnamonish-gray saline — pl, , chernozems saline —
pl,,), brown steppe — pl ), heavy and medium loam
soils are characterized by grayish shades of their
profiles coloring, presence moleholes, carbonates,
complex microaggregates, pores; the listed signs
indicate that these soils were formed in moderately
warm, uniformly humid climatic conditions; they
are the closest to the modern soils that are currently
distributed in the territory of Ukraine;

- Vytachiv (cinnamonish-brown — vt ,) heavy
loam soils formed under the influence of turf
(the presence of moleholes, carbonate, complex
microaggregates) and brownzem-liked (cinnamonish-
brown coloration of the profile, spatial structure of
clays) of the soil forming processes of a moderately
warm subarid climate and have no analogues in the
modern soil cover of our country;

- Dofinivka (chernozem saline — df, , brown
saline and brown desert-steppe — df ), medium loam
soils, with clear features of xeromorphism (low profile
power, its carbonaceous nature, absence of signs of
organo-mineral material redistribution), formed in
moderately continental and more arid (dry) climatic
conditions compared with modern ones.

The established types of Pleistocene soils, their

morphological and micromorphological features
reflect changes in paleogeographic conditions from
Kryzhanivka, Shyrokyno, Martonosha, Lubny and
Zavadivka paleogeographical stages, soils formed
in warm-temperate climatic conditions with signs of
subtropical or close to them. The established types of
soils of the Kaydaky, Pryluky, Vytachiv and Dofinivka
stages are evidence of their formation in temperate
climates.
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Micromorphological peculiarities of the Pleistocene soils in the Middle Pobuzhzhya (Ukraine)
and their significance for paleogeographic reconstructions

Zh.M. Matviishyna, S.P. Doroshkevych
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Received: 10.02.2019 Abstract. The basic micromorphological features of fossil Pleistocene soils of the Middle
Received in revised form: 09.04.2019 Pobuzhzhya region are revealed. The early Neopleistocene (Shyrokyne, Martonosha,
Accepted: 29.04.2019 Lubny) and Middle Pleistocene Zavadivka soils are characterized by bright brownish,

reddish and brownish colors of plasma, compact composing structural separations in
the form of cleave blocks with densely packed nodular formations of ferruginous matter, cracksman ship of the mass, a significant
amount of ferruginous, manganese and carbonate new formations. In the soils of the early optimum of the Kaydaky stage, signs
of the eluvial-illuvial processes were observed (impoverished on the thin clays and humus fields with the «washed» grains of the
mineral skeleton, the destroyed microaggregates in the eluvial and the impregnation of the plasma by calomorphic clays in the form of
streaks, films, streams in the illuvial horizons). In the Pryluky soils there is a well-expressed microagregation of the mass, a branched
net of twisted pores, humus coagulation in the humus and humus transition horizons, various forms of carbonate new formations
as the impregnation and plasma cementation by microcrystalline calcite, presence of isolated crystals of crypto-, micro- and small
crystalline calcite. The specific individual features of the Vytachiv soils are cleave block microstructure, the presence of the nodular
concentric organo-iron-clay formations, and microorsteins. Dofinivka soils are characterized by a loose microstructure, fuzzy rounded
microaggregates, a developed system of twisted pores, and enrichment of mass on carbonates. In order to clarify the genetic types of
fossil Pleistocene soils of the Middle Pobuzhzhya, identification of the signs of elementary soil formation processes was carried out on
the basis of micromorphological analysis data. The significance of the results of micromorphological researches for paleogeographical
reconstruction is outlined. It has been established that certain groups of soil formation processes are characteristic for fossil soils of
separate paleogeographical stages. In the soils formed up to the Dnieper glaciation (Shyrokyne, Martonosha, Lubny and Zavadivka),
signs of processes of claying, rubbification, ferralization, cleaving were displayed, but weakly expressed humus formation, though
carbonization were diagnosed. In the soils formed after the maximum glaciation (Kaydaky, Pryluky, Vytachiv, Dofinivka), signs of
the such processes as humus formation, podzolization, lessive, leaching, damp-meadow soil formation on floodplain, migration of
carbonates, etc., are established. It is processes which are predominating in the modern soils of the territory of Ukraine. Assertaintment
of elementary soil-forming processes, diagnosed in multi-annual fossil soils, have made it possible to identify their genetic types and
as a result, to reconstruct the soil cover in separate stages of the Neopleistocene, to establish regional patterns of evolutional stadial
changes and the natural environment in the Pleistocene on the territory of the Middle Pobuzhzhya.

Key words: Pleistocene, fossil soils, micromorphology, soil formation processes, paleogeography.

Mikpomopdgooriuni ocodanBocTi mieiicronenosux rpyHrtis Cepeanboro Io0yxoxs Ta ix 3Ha-
YeHHS JIJIs1 naJjieoreorpaiyHux peKOHCTPYKILii

JK.M. Marsiimuna, C.I1. JlopomkeBny
Inemumym zeoepaii Hayionanvnoi akademii nayx Yepainu, m. Kuis, Ykpaina, e-mail: dsp.paleo.geo@i.ua

AHoTauisi. BussineHo ocHOBHI MiKpoMOp(OIIOTiuHi 0COOMMBOCTI BUKOIHUX IUICHCTOLCHOBUX IPYHTIB TepuTopii Cepenuboro [1o0yx-
xst. J[7is IpyHTIB paHHBOTO HEOIUIEHCTOIEHY (IIMPOKUHCHKUX, MAPTOHOCHKHX, TyOSHCHKIX) 1 CepeHBOIUICHCTOIICHOBHX 3aBa/liBCHKHUX,
IPYHTIB XapakTepHi sickpaBi OypyBari, 4epBOHYyBaTi Ta KOPUYHIOBATI BIATIHKYM 3a0apBJiEHHS IUIa3MH, KOMIIAKTHE CKJIQJICHHS MacH,
CTPYKTYPHI BUOKPEMJICHHS y BUIVIS/I 37IMTHX OJIOKIB 13 IIIIEHO YIIAKOBAHUMH HOAYIEHHMH YTBOPEHHSIMH 3J113UCTO-IJIMHUCTOT pedo-
BUHH, TPIIIUHYBATICTh MAaCH, 3HaYHA KITBKICTh 3aJi3UCTHX, MAHTAHOBHX 1 KApOOHATHNX HOBOYTBOPEHB. Y TPYHTAX PAHHBOTO ONTHMY-
My KalJanpKoro eramy 3aikcoBaHO O3HAKH EIIOBIaJbHO-UTIOBIAIFHUX MpOLECiB (301MHEHI HA MYJI 1 TYMYC TUISHKH 3 «BIAMHUTHMI
3epHaMH MiHEPaJIbHOTO CKeNeTa, 3pyHHOBaHI MIKpOoarperaTt y eoBiajJbHUX TOPU30HTAX; Y TIOBIaIbHUX — MPOCOYCHHS TU1a3MH KOJIO-
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MOp(HUMH IIIMHAMH Y BUIVISLII HATEKIB, TUTIBOK, OTIUKIB). Y IPMIIYLBKUX IPyHTAX NPOSABIAETHCA J0OPE BUpaXKeHa MiKpOAarperoBaHicTh
MacH, po3rajy’KeHa CiTka 3BUBHCTHX II0p, CKOAryJlIbOBaHICTh T'yMyCy THILYy MYJlb Y TYMYCOBHUX i T'yMYCOBO-IIEPEXiTHUX TOPU3OHTAX,
pi3HOMaHITHI (OpMH KapOOHATHUX HOBOYTBOPEHb Y BUIVISAI IPOCOYEHB Ta IIEMEHTALIIT IU1a3MU MIKPOKPHCTAIIYHUM KaJIbLIUTOM, BUO-
KPEMJICHHSI KPHCTAJIIB KPHIITO-, MIKpPO- Ta APiOHOKPUCTANITIHOTO KaubINTy. Crerud)iTHIMY iHANBITyaIbHIMH O3HAKaMU BUTa9iBCHKHX
IPYHTIB € OJI0KOBa MiKpoOy10Ba, HasIBHICTh HOAYJIBHUX CTSXKIHb OPraHO-3aJ1i3UCTO-INIMHUCTOT peYOBUHH, MiKpoOpIITeiHiB. JJodiHiBChKI
IDYHTH BUPI3HSIOTHCS ITyXKOI0 MIKPOCTPYKTYPOIO, HEUITKUMH OKPYIIIMMH MiKpoarperaraMu, po3BHHYTOK CHCTEMOIO 3BUBHCTHX IIOD,
KapOOHATHICTh Macu. 3 METOI0 YTOYHEHHSI TeHETUYHHX THUITIB BUKOITHUX IUielicToleHoBux IpyHTiB Cepenuboro [100yxoks npoBeneHo
iIeHTH(IKALII0 03HAK eJIEMEHTAPHUX IPYHTOYTBOPIOBAJILHUX IPOLIECIB Ha OCHOBI JaHUX MiKpOMOp(oJoriyHoro aHamizy. OKpecieHo
3HAYEHHS Pe3yJIbTaTiB MIKPOMOP(OIOIYHIX TOCIIKEHb JUIs TPOBEICHHS MaseoreorpadiyHuX peKOHCTPYKIil. BecranoBneHo, o st
BUKOITHUX IPYHTIB KOHKPETHHUX ITaJIeoreorpaiuHuX eTaliB XapaKkTepHi IIeBHI TPYITH IPYHTOYTBOPIOBAJIBHUX MIPOLECIB. Y IPYHTaX, sKi
(hopMyBaHCh 10 AHITPOBCHKOTO 3JIeACHIHHS (IIMPOKHHCHKUX, MAPTOHOCHKHX, TYOCHCHKHX Ta 3aBaiBCHKUX) A1alrHOCTOBAHO O3HAKH
MpoIIeCiB OIMHEHHS, pyOedikamii, ¢pepanituszanii, 3MuTH3ALI1, CTa0KO BUPaXEHOTO T'YMYCOYTBOPEHHS, KapOoHaTu3amii. Y IpyHTax,
1110 c(hOPMYBAITHCS MICJIsT MAKCUMAIBHOTO 3JIe/IeHIHHsI (KalalbKuX, MPUIYLBKUX, BUTA4iBCbKUX, T0(IHIBCHKUX), YCTAHOBICHO O3HA-
KH THX CaMHUX INpOLeCiB (TyMyCOyTBOPEHHS, OMiA30JeHHsI, JIECHBAXKy, BHUJIYTOBYBAaHHsI, OJyTOBiHHS, Mirpalii kapOoHaTiB TOILIO), sKi
NIepEeBaKHO BJIACTHBI CYYaCHUM IPYHTaM TEpUTOpil JOocCiimKkeHHs. JliarHOCTOBaHI y Pi3HOBIKOBHX BHKOITHHX IPYHTaX eJIeMEHTapHi
IPYHTOYTBOPIOBAJIbHI TPOIECH HATAIHN 3MOTY IICHTH(IKYBaTH T€HETUYHI TUITH BHKOITHUX ITUICHCTOIIEHOBUX IPYHTIB 1 K HACIIIOK —
PEKOHCTPYIOBATH ITPYHTOBI IOKPHBH Y OKPEMi €Talli HEOIUICHCTOIEHY, BCTAHOBUTH PETiOHAJIBHI 3aKOHOMIPHOCTI €BOIOIIMHUX 3MiH

IPYHTIB 1 IPUPOIHOTO CEPEAOBHILIA Y IuIelicToneH] Ha Teputopii Cepeanboro [1oOyxoKs.

Kniouoei cnosa: naeticmoyet, 6UKONHI IPYHMU, MIKPOMOPGHON02is, IPYHMOYMEOPHOBAIbHI Npoyecu, naneo2eocpaqis.

Introduction. Micromorphological studies of
Pleistocene fossil soils are an important trend in
contemporary world researches. It is evidenced by
a large number of international publications on this
topic, that initiated micromorphological studies
in the 40’s of the twentieth century. The Austrian
scientist V. Kubiena (1938), who formulated the
main methodological principles of micromorphology,
proved the importance of using micromorphological
analysis for the development of soil diagnostics and
systematics (Kubiena, 1970). Significant contribution
to the development of micromorphology was made
by R. Brewer (developed a classification of soil
microstructure components) (1964), B. Baratt,
E.A. Fitzpatrick and others. The first Russian-
language works, in which the methodology of
micromorphological research of modern soils was
covered, became monographs of O.1. Parfenova and
K.A. Yarilova (1962, 1977). General theoretical and
practical questions of micromorphological researches
were developed by [.P. Gerasimov, G.V. Dobrovolsky,
S.V. Zonn, V.O. Targulian, M.. Gerasimova,
S.V. Gubin, S.O. Shoba, E.I. Gagarina and others.
Under the microscope, modern soils were studied
by LI. Feofarova, E.K. Nakaidze, L.K. Tselishcheva,
B.P. Gradusov, T.F. Urushadze, V.V. Medvedev,
A.M. Poliakov, A.l. Romashkevich, N.I. Matynian,
N.A. Bilova and al.

Micromorphological studies of  fossil
Pleistocene soils of FEuropean part of Russia
conducted by T.D. Morozova. Micromorphological
peculiarities of microstructure components, with
access to the genesis of Quaternary deposits, were
considered by O.A. Chichagova (composition
of humus), N.G. Glushankova (microforms of
humus), T.A. Halcheva (forms of carbonates).
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Micromorphological signs of cryogenesis were
studied by L.A. Gugalinskaya. Questions of
Pleistocene soil formation in the basin of the
upper Don, using micromorphological data, were
studied by A.l. Tsatskin. Micromorphological
data in the study of Quaternary deposits of France
was used by Y.B. Jamagne; England — P. Bullock;
Czech and Slovakia — L. Smolikova; Poland —
T. Madeyska, P. Mroshec, T. Mroshec; Central
Asia — N.G. Minashina; China — R.A. Kemp,
A. Bronger; Canada — P.G. Jungerius; New Zealand
— Y.B. Dalrympl and others. Micromorphological
studies of deposits older than the Quaternary,
conducted by V.I. Chalyshchev, A.P. Feophilova et al.

InUkraine, for the firsttime, amicromorphological
analysis for the study of fossil Pleistocene soils and
loesses was used by M.F. Veklych (1958). To find out
the individual peculiarities and issues of the genesis
of the Pliocene and Pleistocene fossil soils and
sediments successfully uses the micromorphological
analysis Zh.M. Matviishyna (Veklych et al, 1979;
Matviishyna, 1992; Matviishyna et al, 2010). The
question of the Pleistocene evolution of soil coverings
and landscapes, based on paleopedological data with
widespread use of micromorphological analysis, is
reflected in later publications by Zh.M. Matviishyna
and her students (Matviishyna, Parkhomenko, 2008;
Matviishyna et al., 2009; Matviishyna, Doroshkevych,
2011; Doroshkevych, Matviishyna, 2012). The
features of zonal changes of Upper-Pleistocene and
modern soils, based on micromorphological data, are
covered in the monograph by S.P. Karmazynenko
(Karmazynenko,2010). Paleogeographical reconst-
ruction of the Pleistocene nature, carried out on the
basis of paleopedological data with the active use
of micromorphological analysis, is devoted to the
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monograph of S.P. Doroshkevych (Doroshkevych,
2018) on the territory of Pobuzhzhya.

Materials and methods of research. The basis
of the study is the complex paleopedological
method, the main task of which is to reconstruct the

that developed on a common tectonic basis, that’s
why under the Middle Pobuzhzhya, we consider the
territory of the basin of the Southern Bug river within
the boundaries of the Ukrainian shield (Figure 1).
During the last 10 years, we have investigated

\Pob

Fig. 1. Territory of Middle Pobuzhzhya within Ukraine

paleoenvironment of the ancient soils formation. An
important role during paleopedological investigation
is given by micromorphological analysis, which
demonstrates good efficiency in the study of fossil
soil through the diagnosis of ancient elementary soil
formation processes.

During the study, as a stratigraphic basis, we
used a scheme of paleogeographic stage for the plain
territory of Ukraine (Veklych ML.F. et al, 1993). It is
this scheme that remains unified for Ukraine today,
although, over the past 20 years, many issues have
emerged that require clarification and improvement.
In particular, the issues of absolute age (especially for
the late Pleistocene horizons), the affiliation of the
horizons to the Pleistocene units, the establishment
of the lower bound of the Pleistocene, etc., are very
acutely debated. According to the stratigraphic
code (Stratigraphic ..., 2012), the Pleistocene
(Neopleistocene) is divided into 16 paleogeographic
stages, the stages of Eopleistocene are not considered
in the work.

Regarding the territory of the Middle Pobuzhzhya,
there are several approaches to the allocation of its
boundaries: tectonic (within the boundaries of the
Ukrainian shield, from Medzhybizh to Alexandrovka),
geomorphological and hydrological (from Vinnitsa
to Aleksandrovka) (Denysyk H.I. et al, 2002),
landscape (Medium-Pobuzhzhya Highland region
according to modern physics-geographical division
into districts) (National Atlas of Ukraine, 2007), etc.
From the standpoint of paleogeographic studies, in
our opinion, the most expedienly to study the territory

Middle
uzhya |
o " |

Pt ]

17 new sections of the Pleistocene deposits (11 of
which are within natural outcrops and quarries, 6 on
archacological sites (Doroshkevych, 2018; Zalizniak
et al, 2013; Matviishyna, Doroshkevych, 2011; et al).
These are sections near the city of Medzhybizh and
the village of Trebukhivtsi (Khmelnytsky region),
villages of Bezimenne, Stryzhavka, Yakushyntsi,
Sabariv, Raihorod and Tyvriv (Vinnytsia region),
Uman cities (Cherkasy region), villages of Andriivka,
Korobchyne (two sections), Likareve (section Vyss),
Ozerove, Troianove (Kirovograd region), cities of
Pervomaisk and the village of Pankratove (Mykolaiv
region) (Figure 2, 3).
Results and their analysis. According to modern
physic-geographical division into districts, the
territory of the Middle Pobuzhzhya is located within
three natural zones: broadleaf forests, forest-steppe
and steppe. Each of these zones has its typical
natural features (National Atlas of Ukraine, 2007).
Particularly interesting is the estate of modern soil
cover, which is considered as a kind of indicator of
modern physic-geographical conditions. After all,
the formation of one or another genetic type of soil
from on the interaction of the main natural factors of
soil formation: the lithological composition of soil
formation bed rocks, geomorphological position,
climate, vegetation, geological age and duration of
soil formation. All these factors, in turn, predetermine
a specific set of elementary soil formation processes
under the influence of various interactions under
which a certain genetic type of soil is formed.
Accordingly, modern zonal soils of the Middle
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Yakushyntsi

Pankratove-1

Pervomaisk

b ol
VLIH
pl.

ply

Pl

Fig. 2. The field scetches of the section with samples of natural material of the Middle Pobuzhzhya Pleistocene deposits
(after Zh. Matviishyna). (On the top — name of the section. From left to right: indexes of the stratigraphical horizons;
genetic horizons; deep in m; lithological column; samples of the natural materials).

Pobuzhzhya is represented by light gray, gray and dark
gray podzolized, chernozems degrated, podzolized,
typical (in the forest-steppe zone) and chernozems
ordinary (in the steppe zone). Locally distributed sod,
sod-podzolic, meadow-chernozem, meadow, peat-
swampy and other azonal soils (National Atlas of
Ukraine, 2007). The modern genetic types of soils are
the basis for paleogeographic reconstruction, peculiar
standards for comparison with the genetic types of
fossil soils in the studied sections of the Pleistocene
deposits. Performed reconstruction of the natural
conditions of the territory of Middle Pobuzhzhya in
Pleistocene are based on paleopedological data, that
is, peculiar «records» about the natural conditions of
the past, preserved in the form of specific properties
and features of fossil Pleistocene soils, soils rocks,
loesses and other layers.

As you know, the formation of any genetic type
of soil depends of the nature soil formation processes.
Possessing knowledge about manifestation of soil
formation processes, one can observe their diagnostic
features under a microscope, which provides an
opportunity to restore the chronology of soil formation
processes to clarify the genesis of deposits and to
conduct genetic identification of the soils.

Separate possibilities of micromorphological
diagnostics of elementary soil formation processes,
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based on their own and of precursors data, are shown
in Table 1.

To solve the problems of paleogeographical
reconstruction, we used  the data  of
micromorphological analysis as part of the complex
paleopedological method. In particular, the method
of micromorphological research has been adapted to
detect the diagnostic features of primary soil formation
processes in the fossil soils of the Middle Pobuzhzhya
in order to find out the issues of the genesis of deposits
(Doroshkevych, Matviishyna, 2012).

The signs of the following groups of elementary
ones have been found in the fossil Pleistocene soils of
the Dofinivka (df), the Vytachiv (vt), the Pryluky (pl),
the Kaydaky(kd), the Zavadivka (zv), the Lubny (lb),
the Martonosha (mr) and the Shyrokyne (sh) soil-
forming processes (SFP) (classification of groups by
Rozanov, 2004) (Figure 4).

Biogenic-accumulative SFP (humus formation,
humus accumulation, bedding, peat formation, etc.)
caused by direct influence of living organisms,
products of their life activity and dead remains (Figure
4 a-d). In thin sections with undisturbed structure under
microscope biogenic and accumulative processes are
characterized by dark, dark brown or brown humus-
clay plasma, structural formations in the form of
simple and complex microaggregates, well-defined
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Fig. 3. Lithologic-stratigraphical columns of separate sections of the Pleistocene deposits of the Middle Pobuzhzhzhya.
Types of soils: S — sod; SP — sod- podzolic; Sg — sod gleyed; GP — grau podzolized; IGPg — light-grau podzolic gleyed; dGP — dark-
grau podzolic; GB — grau-brown; Bl — brown-liked; BF — brown forest; BFC — brown forest cinnamonish; BFR — brown forest reddish;
CBF — cinnamon-brown forest; RB — reddish-brown; RBF — reddish-brown forest; RCB — reddish-cinnamon-brown; RCM — reddish-
cinnamonish meadow; BFs - brown forest with sign of steppe; dB — dark-brown; dBC — dark-brown cinnamonish; BC — brown
cinnamonish; CB — cinnamonish-brown; 1B — light-brown; IBC — light-brown cinnamonish; 1CB — light-cinnamonish brown; pBF —
pale-brown forest; pBs — pale-brown steppe; pB — pale-brown; Bs — brown steppe; MC — meadow cinnamon; BA — brown alluvial; Chl
— chernozem-liked; ChP — chernozem podzolized; ChL — chernozem leaching; ChT — chernozem typical; ChO — chernozem ordinary;
MCh — meadow chernozem; ChBI — chernozem brownzem-liked; ChC — chernozem cinnamonish
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Table 1. Micromorphological diagnostics of soil formation processes in fossil Pleistocene soils of the Middle Pobuzhzhya

(Doroshkevych, 2018)
2
LR
£z Micromorphological signs and traces of
gz . P . g g Conditions, processes of formation
£ 2 ancient soil formation
S =
= .2
£
. Soil formation took place under favorable climatic conditions,
® Compact, dense, merged, with rounded . . .
= where there was a sufficient amount of moisture and heat. Properties for the
= clutches of organo-clay substanses . .
g Lower Pleistocene soils
& Soil formation - in relatively arid conditions, a fairly warm
g Cubs, loose, soft, grains of the skeleton are climate. The microstructure is characteristic for rocks of light granulometric
"E" proportional to each other composition, characteristic of Upper Pleistocene soils, as well as forests
ones
They are formed by biogenic-accumulative processes caused by
Aggregates direct influence of living organisms, products of their vital activity, as well
as cracking at drying of soil mass, microsedimentation, microerosion
The presence of humic acids in the composition of organic matter,
Complex grainy microaggregates of II-IV high saturation of soil mass in the basics. In the overwhelming majority it is
order, black or almost black, separated by a grid of the products of the life of worms (excrements). Characteristic of the humus
vorticular pores horizons of chernozem. Complex microaggregates of chernozem type are
observed in the horizons df, pl, kd, ,, Ib of soils
= Simple and complex (to the third order .
= mp plex ( ) Actual for gray forest soils
= microaggregates of dark color
%" Fuzzy micro aggregates of dark or brownish Intrinsic to podzolic soils, in the eluvial horizon often acquire puff
& color formation
<
Oval, simple and complex (to the third order) This is mainly faecals of mites fauna. Own chestnut soils. It is
micro aggregates characterized by zonal southern soils of Dofinivka and Pryluky time
Tightl, ked structural isolati f th .
ightly packed structural isolations of the Actual brown soils
1st-2nd order
Formed in the case of reloading of soils, when the surface of the
Cleave blocks cracks converge as a result of swelling and form a cleave mass. Variable
wet-dry conditions. Characteristic of vt, zv, mr soils
Active livelihoods of soil biota and favorable conditions for soil
Branched net of pores . . .
= aeration. Properties for forests and soils of chernozem type
w
< They are formed for successive swelling of clay mass under
& Pores-cracks humid conditions, and then compression due to the drying of the soil mass.
Intrinsically enriched soils
Optical orientation of clay substances The course of illuvial processes
Isolation of clay substances in the form of Formation of soils of washing (podzolic, pseudo-podzolic, brown
scaled gutters, incrustations on the walls of pores, clay | forest, gray forest, red and yellow earth) or periodically humid regimen of
streams, impregnation of plasma by the calomorphic wetting (solonetses, tacier, malt). The mentioned signs occur in the fossil
clays soils of the forest genesis
- Transparent and bright streaks The processes of p(.szolizations. The§e trgits for characteristic of
= podzolic and turf-podzolic soils
f.»; Influxes are enriched on finely dispersed The process of podzolization and lessive. Signs are characteristic
£ humus and clay particles for gray forest soils
=]

Infl f red col tt t h P .
= nriuxes ot red cofor, NOt transparent, mue Processes of lessive (illimerizations). Actual for brown forest soils
2 ferruginous, occur throughout the profile
£~
o’:‘ Impoverished on mulles and humus The course of eluvial processes of moving organo-clay substances

(«washed») microplots down the profile. Manifested in eluvial horizons
Clay substance that is not oriented or oriented . " R
. ¥ sut A . Complicated conditions for the course of illuvial processes and
in the form of rings located near individual minerals leachin
or aggregates g
There is not expressed optical orientation of Formation of soils under constantly dry conditions (grayzems,
clay substances typical loesses, southern zone of the Dofinivka soil formation
Dispersed brown humus, which is closel . . . .
P . . ’ Y Characteristic for soils of forest genesis, of Early Pleistocene
5 combined with clay
2
é The organic substance is coagulated in the Intense biogenic and accumulative processes. Particularly good
° form of clots and lumps, which are combined into expressed in the chernozems-liked soils, gray forest of Middle and Late
5} complex microaggregates Pleistocene soils
S
= Brown humus in the form of cinnamon or . . Sy
light clots Displays the effect of relatively arid climate, closed to dry-steppe
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Micromorphological signs and traces of
ancient soil formation

Elements of
microstructure

Conditions, processes of formation

Needled calcite-lublinit

Characteristic for soils with intensive seasonal migration of
carbonates

Micro-calcite, concentrated on the walls of
pores

Relatively fast, intense evaporation and high concentration of
carbonates in the soil solution

Fine-grained calcite, concentrated on the
walls of pores

Gradual evaporation and slight migration of carbonates

Increased carbonate content

Dryer conditions characteristic of steppe type soils

dessolved salts

Insignificant carbonate content

New formation of easily

More wet conditions of soil formation, which are characteristic for
forest types of soils

Gypsum

Display of hotter climatic conditions

Presence of ferruginous and manganese new
formations

Surface or ground soils overwetting. Processes related to release,
migration and concentration of hydroxides of iron and manganese

Microorsteins

Seasonal changes in the humidity conditions

Compact microfiber with clear edges

Formed in ungleyed or deeply gleyed sod-podzolic soils

Friable microorsteins with fuzzy, blurred
edges

Formed in gley soils

Iron and manganese
neoplasms

Ferruginations of walls pores

Encreasing gleying in the illuvial horizon

Carbonate-clayey loess particles are
commensurate with the seeds of primary minerals,
wrapped with transparent films and membranes,

Characteristic for typical loesses

=l

Q

= separated by a developed pore net

© The accumulation of sand-aleurite particles, . . .

. . . . The course of cryogenic processes, the existence of freezing-
micro-polygons in the form of rings, sorting of sand . ..
. . thawing out conditions
and large alyurite particles
inter- and inside-aggregate cavity space with a iron oxides, aluminium, etc.), the processes are also

developed net of pores and cracks. Organic matter in
the soil mass is in the form of humus (of coagulated,
dispersed, coprolite, microbial mass, weakly, medium
or strongly depleted residues of tissues of plants or
animals, organo-mineral compounds, etc.).

Eluvial SFP (podzolisation, illimerization,
leaching, etc.) are associated with the destruction or
transformation of soil material in the eluvial horizon
with the subsequent removal from it of products of
destruction (transformation) into the lower disposed
horizons (Figure 4 e-h). In the thin sections from
the eluvial horizons of fossil soils, the dominance of
the skeleton particles over the plasma is observed,
the destroyed composite microaggregates are found,
the «washed» (without clay films) seeds of primary
minerals, which in some fields are cemented with
amorphous plasma (by humus, silica). In the illuvial
horizon there are signs of the removement of organo-
clay substances in the form of numerous scalene
streaks of polynite (calomorphic clays) on the walls
of pores and cracks, films around the grains of the
mineral skeleton.

Illuvial-accumulative SFP is the processes
associated with the accumulation of substances in the
middle part of the genetic profile of eluvial-illuvially
differentiated soils (Figure4i-1). Depending on the type
of accumulated substances (silt, humus, carbonates,

distinguished. For example: clay-illuvial, humus-
illuvial, carbonate-illuvial, feruginous-illuvial and
the like. Under the microscope, illuvial-accumulative
processes are diagnosed with various forms of
influxes and streams confined to the cavity space,
with films around the grains of the skeleton and other
new formations of the polynite (calomorphic clays).

Hydrogen-accumulative SFP 1is a group of
processes that are related to the influence of ground
water on the formation of a soil profile with various
forms of gyps, calcite, easily soluble salts new
formation, etc. (Figure 4 m-p). In the thin sections
with undisturbed structure of fossil soils, diagnostic
signs of enriching on gypses processes (micro, fine,
medium grained, rhombus, lensliked and other gyps
new formations), carbonatization (crypto-, micro-
and small-grained calcite, lublynite, etc.) can be
detected, salinization (forms of easy soluble salts),
ore formation (spots, flakes, films, diffuse rings,
microorsteins, incrustations and other forms of iron
and manganese hydroxides), meadow formation
processes (high content of humus, in the lower part
of the profile — gray-blue spots of hydroxides, iron,
microorsteins, leaching of mass from carbonates,
etc.).

Metamorphic SFP is a group of processes for
the transformation of rock-forming minerals inside
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Micromorphological feafure of Iesse eiments

Fig. 4. Certain typical micromorphological diagnostic features of the main groups of soil formation processes in the differ
aged Pleistocene soils of the Middle Pobuzhzhya processes:
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Biogenic-accumulative: a) complex microaggregation of chernozem of brownzem-liked (pl,,; Yakushyntsi) /magn. 100/;
b) microstructure of the humus horizon of meadow chernozem (pl, ;; Yakushyntsi) /magn. 100/; ¢) humus coagulated in the form of
humons in the humus horizon of meadow chernozem (pl,; Yakushyntsi) /magn. 400/; d) coprolites of rain worms combined in the
complex microaggregates, separated by a net of twisted pores, in the humus horizon of the meadow chernozem (pl, ; Pervomaisk) /
magn. 70/ (nic.||).

Eluvial: ) microstructure of the humus-eluvial horizon of sod-podzolic soils (kd, ; Bezimenne) /magn. 70/; f, g) «washed»
grains of the mineral skeleton are cemented with amorphous plasma in the eluvial-humus horizon of gray podzolized soil (kd, ;
Stryzhavka) /magn. 80/; h) new formations of polynite (calomorphic clay) in the form of scaly streaks on the pore walls (kd, ;
Yakushyntsi) /magn. 100/ (nic.||).

Illuvial-accumulative: 1) manganese-ferruginous-clayey calomorphic clay formation on the walls of pores of sod-gleyd soil
(kd ; Bezimenne) /magn. 70/; j) scale influx of calomorphic clays in the brown podzolized forest soil (kd, ; Stryzhavka) /magn. 400/;
k) the influx of calomorphic clays in the illuvial horizon of gray podzolized soil (kd, ; Yakushyntsi) /magn. 400/; 1) terruginous-clayey
influx of calomorphic clays in the pore of reddish-brown meadow soil (sh; Raihorod) /magn. 100/ (nic.||).

Hydrogen-accumulative: m) concentrations of microcrystalline around the pore in the lower part of the brown soil (vt,;
Medzhybizh) /magn. 70/; n) microconcentration of fine crystalline calcite in the pore of brown soil (vt,,; Vyss) /magn. 140/; o) films

and flakes of hydroxides of iron and manganese in reddish-cinnamonish brown soils (mr, ,; Raihorod) /magn. 100/; p) dense glandular-

manganese concentric microorstein in dark brown soil (vt ; Yakushyntsi) /magn. 100/ (n-p — nic.||, m — nic. +).

Metamorphic: q) cinnamon-brown ferruginous-clay plasma, with a small fraction of the dusty grains of the skeleton, in the
reddish-brown meadow soils (sh; Raihorod) /magn. 100/; r) cleave block microstructure of brown forest soils (zv,, ; Raihorod) /
magn. 40/; s) the ferruginous-clay substance is segregated into nodular formations, which are tightly packed in cleave blocks in brown
forest soils (zv, ; Raihorod) /magn. 100/; t) the nodule of the ferruginous-clay substance from the middle part of the brown soil (vt
Ozerove) /magn. 140/ (nic.||).

Micromorphological features of loesses sediments: u) microstructure of the Prychernomorya loess, the proportion of loess
particles with seeds of primary minerals, large calcite crystals (Pervomaisk) /magn. 140/; v) the seeds of primary minerals are
commensurate with the loess particles, covered with carbonate-clay films (Bezimenne) /magn. 140/; w) friable microstructure of the
Dnipro loess (Yakushyntsi) /magn. 100/; x) dust-plasmic microstructure of the Uday loess, mass is impregnated with microcrystalline

b1?

b2?

calcite (Korobchyne) /magn. 70/ (u-w — nic.||, X — nic. +).

of sediments («in situy), without eluvial-illuvial
redistribution of components in the soil profile (Figure
4 g-t). The metamorphic processes of soil formation
are best displayed in the soils of the Early and Middle
Pleistocene. Can see under the microskope signs of
enrichment on the iron hydroxides processes (reddish,
brownish, and yellowish-brown tints of the plasma)
of claying (an decreasing in the percentage of mineral
skeleton grains — an increasing proportion of plasma
mass, a dense microstructure in the form of cleave
blocks, mass compactness, sharp edges of pores-
cracks), cleavisation (dense block microstructure,
segregation of organo-clay substances into nodular
formations in side of the middle of fused blocks),
rubbification (specific cinnamonic color of plasma,
films and spots of iron oxides, goethite and haematites
grains) inside soils weathering (corrosion mineral
grains) and others.

Under a microscope in the thin sections from
the typical loess horizons there are no signs of the
above-mentioned soil formation processes. Loesses
are characterized by a dust-plasmic elementary
microstructure, a loose mass composition, a
carbonate-clayey plasma, a developed system of
cavities, and the seeds of primary minerals coated
with transparent carbonate-clay films and shells that
are commensurable with the loesses particles (Figure
4 u-x).

Summarizing the above, it should be noted that
the micromorphological analysis, through the study

of soil samples in thin sections with undisturbed
structure, provides the opportunity to consider the soil
as a system at the microscopic level. It is known that
the formation of one or another type of soil depends
on the nature of the manifestation of soil formation
processes, which are the result of the joint action of the
main factors of soil formation. Possessing knowledge
about the natural peculiarities of certain primary soil
forming processes, one can determine their diagnostic
features under a microscope. This, in turn, makes it
possible to restore the chronology of the soil formation
processes in the Pleistocene sediments, to identify
signs of diagenesis and the stage of development
of the soil, to establish a genetic type of soil and to
carry out paleogeographical reconstruction. In many
cases, the micromorphological data can also be used
for stratigraphic purposes, since the different age-
old Pleistocene horizons are characterized by their
individual specific singularizes.

Paleopedological studies of different age-
old Pleistocene soils, carried out on the territory
of the Middle Pobuzhzhya, with the active use of
micromorphological data, allowed to obtain the
following results.

The Shyrokyne horizon is correlated with 37-
21 isotopic-oxygen stages (Matviishyna et al.,
2010; Lindner et al, 2004), Balashovsky (Velychko
et al., 1997) and Mikhailovsk horizons (Rekovez,
1994), Late Raiver (Veklych, 1968), Gunz-Mindel
(Veklych, 1990). Presented by the deposits of the
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first warm stage of the Pleistocene, which have a
rather limited distribution, since they are found at
high geomorphological levels of watersheds and, in
the form of an alluvium of the warm phase, compose
the VIII floodplain terrace. Deposits of the subaerial
facies consist of heavy-sandy-clayey eluvial-deluvial
formations of the aqual of fossil soils suits, the deposits
of the subaqual facies are sands, sandy loams, loams,
gravel, and the like.

The Shyrokyne deposits are investigated in the
section of Raihorod, where the thickness of sediments
is relatively conditionally divided into three soils
suits. In the thin sections from Shyrokyne soils,
by means of a micromorphological analysis, the
processes of intensive claying (reduced proportion of
primary grains of the mineral skeleton, cleave block
microstructure, mass compacting, sharp edges of
pore-cracks walls), enrichment on hydroxides of iron
(cinnamonish, reddish, brownish shades of plasma
color) , weathering (a large proportion of medium-
and fine-dusty grains of the skeleton, clayey mass),
partial leaching, intensive periodic surface and ground
moisture (various forms of ferruginous and manganese
new formations). Oodic and nodule forms of
segregations of organic-ferruginous-clayey substances
with concentric building indicate the existence of at
least short dry periods, when organo-clay substances
could be segregated from ground solutions in round
and oval knitting-nodules (Figure 5).

The Martonosha horizon is correlated with
19 to 17 isotopic-oxygen stages (Matviishyna et
al., 2010; Lindner et al, 2004), the Gremiachiv
and Semilutsk interglacials (Bolihovskaja, 1995),
Rzhaksyno soil (Velychko et al, 1997), Illyinsk time
(Hlushankova, 2008; Rekovez, 1994), Tegelensk
interglacial (Veklych, 1968), Mindel 1-2 (Veklych,
1990). It is widespreaded in the subaeral strata of the
Pleistocene deposits at high geomorphological levels
of watersheds and their gentle slopes, above the
seventh floodplain terrace. Deposits are represented
by eluvial-deluvial heavy-loamy soils, often clayey
fossil soils. In the subaqual thickness, the Martonosha
soils correlate with the lower pack of alluvium of the
warm phase of the seventh floodplain terrace.

The Martonosha deposits are investigated in
sections of the Pleistocene deposits near villages of
Raihorod and Pankratove. In the studied sections, the
Martonosha formations are represented by soils suits
consisting of two soils of climatic optimum. In the
section Raihorod is a reddish-brown soil of substage
mr_ and reddish-brownish-brown of substage mr, ;

bl b2’
in the section Pankratove — it is a reddish brown

meadow of early optimum (mr, ) and reddish-
cinnamonish-brown meadow soil of late optimum
(mr,). The soils are monolithic, clay-sandy, dense,
gleyed and ferrugenous, with fine silicious-carbonate
concretions, the number of which grows in the lower
soil.

Fig. 5. Microstructure of Shyrokyne soils in the section near the village Raihorod: a) dense block microstructure of the
Shyrokyne horizon /magn. 40/; b) structural nodular segregation in the organ-iron-clay plasma /magn. 40/; ¢) ferruginous-clay plasma
in the lower part of the soil /magn. 40/; d) glandular microorstein of a concentric structure in the form of diffuse rings /magn. 100/

(nic. |)).

Macro- and micromorphological features allow
us to talk about the formation of the Shyrokyne age
soils in the most warm and humid conditions in the
Pleistocene, and indicate the similarities of the fossil
soils signs with brown and cinnamon ones. At the
same time, the relative leaching of the soil profile
from carbonates, various forms of ferruginous and
manganese new formations are signs of soil formation
in sufficiently damp, possibly meadow conditions.
We relate the soils of the Shyrokyne time to the type
reddish-cinnamonic meadow of warm-temperate
climate.
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Micromorphological analysis of Martonosha
soils fixes their significant claying, cleaving of
microstructures in the form of cleave blocks,
separated by pores-cracks, the presence of round-
oval segregational nodular concentrations of organic-
clay substance, indicating on their formation under
periodically-changing conditions of moistening. For
Martonosha soils, especially of the early optimum, the
partial mobility of the most subtle colloidal particles
of the silt and their separation in the form of reddish-
brown influxes and streams, the filling by the material
colloidal substance of pores and impregnation by
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them of clay material in the middle and lower part
of the profiles is characteristic. All these are signs of
the course of illuvial and illimerization processes.
Soils of the late optimum are characterized by good
microaggregacy, which manifests itself throughout the
profile. This may indicate an intensive development
of biogenic and accumulative processes. Significant
claying of the mass and a large number of ferruginous
new formations (spots, flakes, microorsteins, diffuse
rings) indicate the processes of gleying, enrichment on
hydroxides of iron and meadow process development
(Figure 6).

The horizon is investigated in sections of the
Pleistocene deposits of Raihorod, Korobchyne-quarry
and Pankratove. Studied Lubny soils in sections are
represented by complicated polygenetic formations
consisting of two soils of the climatic optimum and
the soils-pedosediments of the final stage. In the
section, Raihorod a light-cinnamon-brown forest
soil of the Ib,, substage and brownish-cinnamon
substage Ib, are represented; in the sections of the
Korobchyne-quarry, this is a cinnamonish-brown
forest soil of early optimum (Ib, ), dark-cinnamonish
meadow weakly saltish soil of late optimum (Ib,,)

Fig. 6. Microstructure of Martonosha soils in the section near the village Raihorod: a) micro-building in the form of cleave
blocks, which are separated by a system of pore-cracks in the soil mr,, /magn. 40/; b) films and flakes of iron and manganese hydroxides

outlined ooid-like segregations in the cleave earth mass mr,, /magn. 100/; c) cleave block microstructure mr,

> separate blocks consist

of densely packed nodular iron-clay formations; iron and manganese oxides in the form of films are concentrated on the walls of the
pores /magn 40/; d) nodule joints of organo-ferruginous-clay substances in soil mr,; /magn. 100/ (nic. IT)

Paleopedological data indicate that the climate
of Martonosha time was moderately warm, in the
first half of the climatic optimum it was wet, but in
the second half it was variable-humid. At this time,
the climatic conditions were probably close to the
changing and wet conditions of modern subtropics,
with the summer maximum of humidity, which
contributed to the development of the meadow
processes (the formation of thick profiles with a high
degree of dispersion of the mineral mass), which, in
combination with periodic aridity, caused the cleaving
of soils.

The Lubny horizon is correlated with 15-
13 isotopic-oxygen stages (Matviishyna et al.,
2010; Lindner et al, 2004), Muchkap interglacial
(Bolihovskaia, 1995), the Voronsky soil complex
(Velychko et al, 1997), the Belovezhsky horizon
(Rekovez, 1994), the Kromer interglacial (Veklych,
1968). Displaced in the subaerial layers of the
Pleistocene deposits at high geomorphological levels
of watersheds and their slopes, beginning from the
seventh floodplain terrace. In the subaerial straties
is represented by eluvial-deluvial deposits — mostly
heavy-loamy fossil soils. The stratigraphic equivalent
of fossil soils in the subaqual facies is the alluvium of
the warm phase of the sixth floodplain terrace.

and brownish-cinnamonic dry-steppe soil of the final
stage (Ib ); in the section Pankratove it is a meadow-
cinnamonic soil of the floodplain facies of the early
optimum (Ib, ) and meadow-cinnamonic chernozem-
liked soil of late optimum (Ib,,). The soils are
monolithic, dense, enriched on clayes, but to a lesser
extent than the Martonosha, enriched on hydroxides
of iron, broken by frost-free cracks, inside of which
there are hard, hollow in the middle, silicon-carbonate
nodules concretions. In the south, gypsum concretions
have been detected.

The micromorphological analysis fixes the
characteristic features of the Lubny soils —a significant
cleaving of the microstructure in the form of blocks,
separated by pores-cracks, claying, segregation of
the organo-ferruginous-clay substance in the form of
ooids-nodules. The latter ones indicate the periodically
changing conditions for the formation of soils, when
the conditions of intensive moisture environment
necessary for the transition of chemicals substances
into solutions, were changed in the dry periods,
during which the segregation of chemicals from
solutions took place. For soils of the early climatic
optimum, the partial mobility of the most subtle
colloidal particles of the silt and their isolations in the
form of influxes and streaks, pore filling, and plasma
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impregnation in the middle and lower sections of the
profiles is characteristic, indicating the course of the
illuvial processes. In the soils of the late optimum,
good aggregation of the mass is recorded, available
carbonate formations (Figure 7).

ETiA
Fig. 7. Microstructure of Lubny soils: a) the blocks are separated by cracking pores in the soil of 1b
carbonate-clay new formations (section Raihorod) /magn. 40/; b) segregation nodular formations of organo-ferruginous-clay substance

in the Ib,, section Raihorod /magn. 100/; ¢) humus-clay soil microaggregates of 1b

and of horizon widespread distribution of these
deposits indicate intense and long-term soil formation
processes that took place during this stage.

In the sections Raihorod and Pankratove, the
Zavadivka horizon is represented by the soils of

densely packed and with

b1?

,,» Section Pankratove /magn. 70/; d) accumulation

of fine crystalline calcite in the pore of the Ib_ soil in the section Raihorod /magn. 100/ (nic. IT)

The considerable claying and enrichment on iron
hydroxides of the mass, a large number of primary
minerals weathered grains, indicates not only wet but
also sufficiently warm conditions for the formation of
Lubny soils. The genetic types of these soils indicate
the soil formation under environment of a warm-
temperate climate, which is was more temperate that
in Martonosha time.

The Zavadivka horizon is represented by the
deposits of the first warm stage of the Middle
Pleistocene, which correlates with the Lykhvino
interglacial (Velychko et al., 1997; Rekovez, 1994),
the Mindel-Riss interglacial (Veklych, 1990), 11-7
isotopic-oxygen stages (Matviishyna et al, 2010).
Deposits of the Zavadivka stage are widespread in
the subaerial straties of the Pleistocene deposits on
inter-rivers spaces and their slopes, in the valleys
of the rivers since the sixth floodplain terrace. In
the subaerial facies eluvial-deluvial deposits are
represented by mostly medium-heavy loam fossil
soils. The stratigraphic equivalent of fossil soils in the
subaqueous facies is the alluvium of the warm phase
of the fifth floodplain terrace.

The horizon is investigated in sections of
the Pleistocene deposits of Stryzhavka, Sabariv,
Tyvriv, Medzhybizh, Raihorod, Korobchyne-quarry,
Pankratove-1 and Pankratove-2. Zavadivka deposits
are often represented by complex polygenetic soils
suits. The structure of the full suit is as follows: zv_
is the soil of the initial stage, zv,, is the early soil of
the optimal stage, zv , is the late soil of the optimal
stage, zv, is the loesses layers (Oril) and zv, is the
soil of the final stage (Potiahailivsky). The horizon’s
thickness ranges from tens of centimeters to almost
6 m and averaged around 2 m. Significant thickness
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all stages. In the section Raihorod it is a yellowish-
brown forest soil of the initial stage, reddish brown
forest of early optimum, cinnamonish-brown forest
of late optimum and short-profile reddish-brown soil
of the final stage. In the context of Pankratove-2, the
suit consists of chernozem-liked soil of the initial
stage, brown forest reddish soil of early optimum,
cinnamonish-brown soil of late optimum, loess-
like layer and yellowish-brown soil of the final
stage. In addition, Zavadivka soils are investigated
in sections Stryzhavka (cinnamon-brown forest),
Sabariv (sod-alluvial), Tyvriv (brown forest soil of
climatic optimum and soil-pedosediment of the final
stage), Medzhybizh (reddish-brown alluvial) and
Pankratove-1 (brown forest cinnamonish).

Zavadivka soils are dense, clayed and enriched
on iron hidrooxides, secondary carbonated, with
ferruginous-manganese films on the edges of
structural separations, often broken up by freezing
cracks to which confined carbonate new formations,
have a differentiated profile. The micromorphological
analysis fixes a cleave block microstructure, a
significant claying of mass, new formations of
polynite (calomorphic clays) in the form of influxes,
streaks and streams, plasma impregnation (signs of
illuvial processes), gray-blue spots, diffuse rings,
microorsteins (signs of gleyiness); unlike of Lubny
soils, rounded ooidic segregations of organo-clay
substances are fuzzy, weakly concentric, occur less
frequently (Figure 8).

Enrichment on iron oxides of soil material in
complex with over thickness of profile indicate the
formation of cleave soils-pedosediments under the
influence of intensive weathering processes in a warm
and humid climate. The soils, formed in the early
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Fig. 8. Microstructure of Zavadivka soils: a) incrustation of pores with hydroxides of iron in the zv, soil of the section Raihorod /

magn. 100/; b) compact microstructure with a dense packing of grains of the mineral skeleton in a plasma of zv
/magn. 100/; ¢) dense blocks are separated by a system of twisted pore-cracks in the zv

1y S0il section Raihorod

11 Soil section Raihorod /magn. 40/; d) scaly

ferruginous-clayey outflow of polynite in the zv soil, section Raihorod /magn. 100/ (nic. IT)

optimum, are mainly of forest genesis, with traits of
brown forest soils of warm facies. In the late optimum
the soils with transient features from brown forest to
brown and reddish-brown were formed. Comparing
the micro-morphological features of brown forest-
cinnamonish Zavadivka soils with the modern brown
forest soils of the Eastern Caucasus, their remarkable
similarity (Matviishyna, 1982) is noted, despite of
the large differences between the soil-formation bed
rocks.

Kaydaky horizon — represented by deposits
of the first warm stage after Dnieper glaciation.
Stratigraphically it correlates with the first interglacial
or the 1-st Warsaw glacial, the Drenthe, the second
interstadial of Riss glacial (Veklych, 1968), the
Korshiv fossil soil complex (Shelkoplias et al, 1986),
or the soil of the first phase of Gorohiv soil formation
(Lanczont M. et al, 2015), Saalian the soils of the
Mezyn complex (Velychko et al, 1997), the Eemian
pedocomplex, the isotope-oxygen substage Se
(Matviishyna et al, 2010). This horizon is widespread
in the subaerial strata of the Pleistocene deposits above
the fifth terraces, which is represented by eluvial-
deluvial sediments — fossil soils. It lies predominantly
on the Dnipro deposits, overlapped by thickets of
loess and loess liked loams, often by Pryluky soils.
On low geomorphological levels and gentle slopes
of the watersheds, where favorable conditions for
the fossilization of the Kaydaky soil formations were
provided, they are represented by the suits of fossil
soils. At inter-river spaces and other high lands, the
only illuvial horizon of the soil of the early optimum
is often remained from the suit of Kaydaky soils, the
other part of the profile, as rule, is mainly transformed
or reworked by the processes of the Pryluky soil
formation. In the subaqual facie the Kaydaky fossil
soil is correlated with the alluvium of the warm phase
of the IV floodplain terrace.

The horizon is investigated in sections of
Pleistocene deposits Bezimenne, Medzhybizh,
Stryzhavka, Yakushyntsi, Sabariv, Korobchyne-

quarry. The horizon’s thickness changes from a dozen
centimeters to more than 3 meters. The granulometric
composition is mostly medium loam, less commonly-
light or heavy.

We studied the following genetic types of
Kaydaky soils: sod-podzolic (Bezimenne), sod-
podzolic alluvial (Medzhybizh), broun alluvial
(Sabariv), meadow-chernozem (Korobchyne-quarry)
and illuvial horizons of brown (Stryzhavka) and gray
(Yakushyntsi) of forest soils. For sod-podzolic and
alluvial soils, the sandy composition is characteristic,
small containing of humus substance, the presence
of stains of iron hydroxides and claying ortzand
layers. In the illuvial horizons of brown and gray
forest soils, the micro-morphological features of the
illuvial processes (podzolization, illimerization) are
clearly traceable: depleted on the mulles and humus
fields in the upper part of the profile, the influxes of
transparent yellowish calomorphic clays sometimes
with inclusions of coarse clay and humus particles
in the middle part, signs of gleying and claying,
structural separations in the form of blocks separated
by wide pores (Fig. 9).

According to paleopedological data, the stage
of the Kaydaky soil formation is clearly recorded,
manifested in the natural general changes in the soil
cover. So, at the initial stage, soddy and turf-podzolic
soils were formed; in the substage of the early
climatic optimum, the soils of the forest and forest-
steppe genesis are soddy-podzolic, brown forest,
brown forest gleyey, podzolic and pseudo-podzolic,
light gray, gray forest and their varieties, dark gray
forest, chernozems podzolized; in the substage of
late optimum — soils of sod, meadow or chernozem
types: chernozems leached and podzolized, meadow-
chernozem, chernozem-like.

During the Kaydaky time, the soils, which were
similar to modern ones, began to form in Pleistocene
for the first time and were established close to the
present soil zones. During this stage there is a stageness
of soil formation, which manifests itself in changing
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Fig. 9. Microstructure of Kaydaky soils: a) microstructure of eluvial horizon in the kd,, soil, section Bezimenne: alternating
«washed» fields with enriched on humus, dark brown clouds /magn. 70/; b) humus-clay dark-colored influxes, enriched by the coarse
clays and humus particles of the upper part of the illuvial-humus horizon of the kd, |, section Yakushyntsi /magn. 100/; c) dense
microstructure of the ng1 horizon, the clay substance is mobile, is separated in the form of influxes, films and streams in the kd,, soil,
section Yakushyntsi /magn. 100/; d) structural aggregates-blocks, separated by twisted pores in the horizon Pkgl soil kd, |, section

Stryzhavka /magn. 80/ (nic. ||)

of the genetic types of soils in time. In the initial
stage (kd ), turf and turf podzolic soils were formed,
under the age of the early climatic optimum (kd, )
— the soils of forest and forest-steppe genesis (turf
podzolic, brown forest, brown forest glayed, podzolic
and pseudopodzolic, light gray, gray podzolic and
their gleyed varieties, dark gray podzolic, chernozems
podzolized), in the late optimum (kd,,) — the soils
are with more developed signs of steppe regime
(sod, chernozems leached and podzolized, meadow
chernozem, chernozem-like).

Thus, in the Kaydaky time, for the first time
in the Pleistocene, not only began to form the soils
very similar to the modern ones, but also established
the soil zonality most close to the present, which
was due to the restructuring of the climate after the
Dnieper glacier in the direction of changes in natural
conditions from close to subtropical (in the early
Pleistocene) to more moderate. Typologically, the
soils of the Kaydaky time are more similar to the soils
of the subboreal temperate — warm climate, more
humid than modern ones.

The Pryluky horizon is represented by the
deposits of the warm stage, which is characterized by
active processes of soil formation. Stratigraphically
correlated with the Eemian, II Mazowetsky
interglacial, Riss-Wurm interstadial (Veklych, 1968),
Horohiv complex (Shelkoplias et al, 1986; Lanczont
M.etal, 2015), is part of the Mesyn complex (Velychko
et al.,, 1997), Brerup-Amersfoort and Odderade,
isotopic-oxygen substages of 5 a-c (Matviishyna et
al, 2010). In the subaerial strata of the Pleistocene
deposits, on the geomorphological levels above the
fourth terraces, the horizon is represented by eluvial-
deluvial deposits — fossil soils that lie on the Tyasmyn
loesses and loess-like loams, often on the Kaydaky
soils; are covered with Uday loesses and loess-like
loams, or, that is often observed in investigated
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sections — Vytachiv soils. In the sections the horizon
is often represented by soil suits or separate soils. In
the subaquale facie, the stratigraphic equivalent of the
Pryluky fossil soils is the alluvium of the warm phase
of the III floodplain terrace.

The horizon is investigated in sections of the
Pleistocene deposits Bezimenne, Medzhybizh,
Trebukhivtsi, Stryzhavka, Yakushyntsi, Sabariv,
Korobchyne-quarry, Pervomaisk. The thickness
of the horizon ranges from 0.5 m to 2,4 m. The
granulometric composition is mainly medium loam,
and rarely light or heavy. Preferably, the horizon
consists of one or two soils of the optimum and the
soil of the final stage. Thus, in the first substage of the
optimum, the meadow chernozem soils (Bezimenne,
Stryzhavka, Yakushyntsi, Pervomaisk), brown
forest with signs of steppe (Sabariv) and near to
the chernozem ordinary (Korobchyne-quarry) have
been developed. For meadow-chernozem soils is
characteristic a significant thickness of the soil profile
(about 1 m), intense dark gray color, humus «tails»
deeply penetrating into the lowering horizons, and the
gray-bluish gleyey spots, some times, the existing of
layer of meadow carbonates.

The micromorphological analysis records the
good microagregation of the entire profile, with the
development of complicated microaggregates up to
the IV order, separated by the branched system of
the twisted pores, coagulation of thin humus (type
of mulles) in clear clots and thickening, small lumps,
the presence of microorsteines in the lower part of the
profile (Fig. 10).

In the second substage of the optimum
was investigated chernozems brownzem-like
(Medzhybizh, Stryzhavka, Yakushyntsi), chernozem-
like soils (Trebukhivtsi, Sabariv) and chernozem-
like, brownish soils (Pervomaisk, Korobchyne-
quarry). For these soils, there are signs that indicate
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Fig. 10. Microstructure of Pryluky soils: a) complicated microaggregates to IV order are separated by a net of twisted pores and

small iron concentrations in the soil, of pl,,,

section Yakushyntsi /magn. 100/; b) humus is encapsulated in the form of humons, which
form composite microaggregates up to the IV order in the humus horizon of the pl
aggregates separated by a net of pores in the humus horizon of the soil pl

o1» Section Yakushyntsi /magn. 400/; ¢) complex micro

,1» Section Pervomaisk /magn. 70/; d) ferruginous manganese

microorstein in the lower part of the pl, | soil, section Pervomaisk / magn. 70 / (nic. |[)

their formation in warmer and more arid conditions,
in comparison with the soil of the early optimum.
High humus containing, various forms of carbonate
new formations, more brownish, and in the south
even cinnamonish shades of profile color, gradual
transitions between genetic horizons, numerous molles
and wormholes; in micro-morphology, developed
complicated microaggregates, with the cluster and
lumps combined with thin humus type mull, absence
of signs of redistribution of substances on the profile,
plasma cementation by microcrystalline calcite,
filling by it of pores — all this indicates the climatic
changes in direction more dry steppe conditions in soil
formation in the late climatic optimum in comparison
with the early.

Short-profile soils were formed in the final stage
of the Pryluky soil formation in the transition from
warm and wet interglacial to cold and dry periglacial.
Sod-carbonate (Medzhybizh), turf (Trebukhivtsi),
gray-brown (Bezimenne) and pale-brown steppe
(Pervomaisk) soils were prevailed in the soil cover.
On dry-steppe conditions of soil formation, under
the influence of the weakened sod process, indicates
a slight humus mass, short profile, carbonate, mole
and worm holes, good microagregation. The small
thickness is also due to diagenetic changes in the soil
of the final stage, which, at the end of the stage, served
as a kind of protective screen for optimum soils.

In Pryluky time types of soils were formed
close to modern ones, which, however, are not their
complete analogue. During this stage, the stageness of
soil formation is clearly recorded, it was manifested
in the formation of a soil suits of 1-2 m, consisting as
rule, of two soils of the optimal stage and the soil of
the final. The soils of the early climatic optimum (pl, )
were formed in the conditions of forest, forest-steppe
and meadow-forest-steppe soil formation (brown and
gray forest, chernozem leached, meadow chernozem),

which as in the late optimum (pl,,) evolved towards
the meadow, meadow steppe and steppe soil formation
(chernozems brownish, leached, meadow, micellar-
carbonate, brownish). In the final stage (pl), soil
formation was carried out under conditions of a warm
dry-steppe regime (turf, grayish-brown chernozem-
like, chernozem brownzem-like). Such a set of genetic
types of soils is an indicator of warmer as modern and
relatively humid temperate climate. Soil zonality, in
comparison with the modern, was shifted to the north,
especially in the late climatic optimum.

The Wtachiv horizon is represented by the
deposits of the warm stage of the late Pleistocene,
which stratigraphically correlates with the Bryansk
interstadial (Velychko et al., 1997), the Brerup,
the interstadial Amersfoort of the Vistulian glacial,
the Lower Wurm interstadial (Veklych, 1968), the
Dubnivsky soil (Shelkoplias et al, 1986; Lanczont
M. et al, 2015), interstadials of Hosselo, Hengelo,
Huneborg, Denekamp, 3-rd isotope-oxygen stage
(Matviishyna et al, 2010). In the subaerial stratum
of the Pleistocene deposits, at the geomorphological
levels above the second floodplain terraces, the
Vytachiv horizon is represented by eluvial-deluvial
deposits — fossil soils that lie on the Uday loesses
and loesses-like loams (often, especially on elevated
elements of the relief, on the Pryluky soils) and
overlap with Bug loesses. In the subaquale facie
the stratigraphic equivalent of the Vytachiv soils is
the alluvium of the warm phase of the II floodplain
terrace.

The horizon is investigated in sections
Bezimenne, Medzhybizh, Trebukhivtsi, Stryzhavka,
Yakushyntsi, Vyss, Ozerove, Andriivka 4,
Korobchyne, Korobchyne-quarry, Pervomaisk. The
thickness of the horizon ranges from 0.4 m to 1.0
m. The Vytachiv soils are most densely clayed and
enriched on iron oxides among the Upper Pleistocene,
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have more heavily granulometric (medium-heavy-
grained) composition compared to the lower Pryluky
and Kaydaky soils, often with sands.

In the investigated sections of the Pleistocene
deposits, the Vytachiv horizon represented by 1-3 soils
of the suit (Medzhybizh, Stryzhavka, Yakushyntsi,
Vyss, Ozerove, Korobchyne, Korobchyne-quarry) or
one brownzem-like soil (Bezimenne, Trebukhivtsi,
Andriivka 4). The suits mainly consist of dark
brown soil of early optimum and brown and light-
brown soils of the late. In the south of the Middle
Pobuzhzhya (Pervomaisk) the soils get brownish
shades. For Vytachiv soils is characteristic enriching
on iron oxides and claying of the material, which are
largest in the middle part of the profile, high position
of carbonate illuvium, insignificant thickness of the
soil profile (0.4-0.6 m), significant deformation by the
frost-free cracks and solifluctural processes associated
with Bug time cryogenic processes, in the south of
Pobuzhzhya — the features of saltiness and gypsums.

The micromorphological analysis of 17 thin
sections with undisturbed structure allowed to
trace the individual diagnostic features of the
Vytachiv sediments, which also allows to use
micromorphological data for stratigraphic purposes.
Thus, the specific feature of their microstructure is the
presence of concentric formations of the organo-clay
substance in the form of nodules and ooids, as well
as ferruginous cells of loess particles that diagnose
the periodic segregation of substances and indicate
the formation of the soils of the Vytachiv time in
contrasting variable-humid-arid conditions (Fig. 11).

type of soil formation; insignificant thickness of the
soil profile — for a relatively short time soil formation;
carbonatisation (primary), the presence of mole
hollows — the steppe type of soil formation; strong
deformity of the upper part of the Vytachiv horizon
— on intensive post Vytachiv cryogenic processes;
the presence of segregating nodular and ooid forms
of organo-clay substances in the microstructure — on
contrasting variable-moisture-dry conditions, during
which the clay substance could swell in conditions of
sufficient moisture, and subsequently, during periods
of drought, to segregate in rounded iron-clayey ooid
structures. The above features indicate the specific
physic-geographical conditions of the Vytachiv soil
formation, when periods of good moisture alternated
with arid ones. At this time, during wet periods, soil
formation could go in the direction of brownzem
formation (processes of enrichment on iron oxides,
leaching, lessive, podzolization, gleying), and in arid
— steppe soil formation (humus formation, migration
of calcium carbonates, segregation of iron solutions,
etc.). The noticeable cleying and iron enriching of
Vytachiv soils indicate a fairly warm climate of the
time of their formation. The small thickness of soil
profiles, significant capacity carbonates, partial
salinity in the south indicate a dryer than the current
climate. Such a combination of natural factors is
possible only under conditions of a specific climate,
rather contrasting, variable-humid to the north and
sufficiently arid in the south.

The Dofinivka horizon is of first warm stages
after Bug glaciation, which is the marking horizon
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Fig. 11. Microstructure of Vytachiv soils: a) concentric nodules of the ferruginous-clay substance in the humus horizon of the
vt,, soil Yakushyntsi /magn. 100/; b) a nodule in the middle of the cinnamonish-brown field, section Ozerove /magn. 140/; c) iron-
manganese microorstein of a concentric structure in the soil of vt, , section Yakushyntsi /magn. 100/; d) small glandular microorsteins
in the fused ferruginous-carbonate-clay plasma of the brown-like soil, section Bezimenne /magn. 70/ (nic. ||)

Paleopedological data, such as the gleying and
enrichmentoniron oxides of soil mass, weathered seeds
of primary minerals (feldspars) indicate the formation
of Vytachiv soils under favorable conditions for the
course of weathering processes; leaching of carbonates
rare occurrence of colomorphic clays — on the forest
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of the Upper Pleistocene in the non-glacial zone of
Ukraine. Stratigraphically, it correlates with Moloho-
Sheksnynsky, and Paudorf interstadials, Mazurezky
interstadial of the Vistulian glacial, the second
interstadiale of the Wurm glacial (Veklych, 1968),
the Trubchevsky horizons of the Valdai glaciation
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(Velychko et al, 1997), the Rivne soil (Shelkoplias
et al, 1986), the middle of the 2nd isotope-acid stage
(Matviishynaetal,2010). It is common in the subaerial
strata of the Upper Pleistocene deposits starting from
the second floodplain terrace, which is represented by
eluvial-deluvial deposits — fossil soils, which lie on
Bug loesses and loess-like loams. The stratigraphic
equivalent of fossil soils in the subaqual facies is the
lower stratum of alluvium of the first flood plain.

The horizon is investigated in sections of
the Pleistocene deposits Bezimenne, Uman and
Pervomaisk. The horizon’s thickness ranges from a
few centimeters to more than 1 m. The granulometric
composition is mainly light and medium loam. In
the north of the Middle Pobuzhzhya, as a separate
stratigraphic horizon, it is rather rare, as often it is a
relic of modern soil cover or destroyed or transformed
by processes of further paleogeographical stages.
In the south and south-east — it appears more often
and often overlaps with the Prychernomorya loess
horizon.

According to paleopedological data, the
Dofinivka soils are represented by suits consisting

optimum. The chernozem type of soil formation of
optimum confirmes the grayish color of the upper
part of the profile, gradual transitions between the
genetic horizons, a large number of mole and worm
holes, carbonate of mass with new formations which
are particularly clearly manifested in the Pk horizon
in the form of carbonate mycelium.

According to the micromorphological analysis,
for Dofinivka soils, complex microagregates is
presented in the form of fuzzy microaggregates of
the I-1II order, the concentration of humus type mull
in clotting and thickening, cementation of plasma
by microcrystalline calcite and filling by it of pores,
absence of signs of redistribution of humus-clay
substance by profile (Fig. 12).

Natural conditions during the Dofinivka stage
evolved in the direction of increasing the climate
irregularity. The genetic types of drought-bearing
fossil soils point to a more continental, colder and dryer
climate, especially in the final stage, as compared to
modern ones. At this time there is a dominance in the
soil cover of carbonate short-profile soils of the steppe,
and in the south - dry-steppe and semi-desert genesis.

Fig. 12. Microstructure of Dofinivka soils: a) simple and complex microaggregates are separated by a net of twisted pores in the
Hk horizon of the chernozem-like soil of optimum, section Uman /magn. 70/; b) simple and complex humus carbonate-clay round
microaggregates are separated by a net of twisted pores in the humus horizon of the soil df; section Pervomaisk /magn. 70/; ¢) rounded
micro aggregates of I-II order are separated by pores, loose microstructure of soil df, section Uman /magn. 140/; d) the nodule of fine
crystalline calcite in the pore of Hk horizon of chernozem-like (optimum), section Uman /magn. 70/ (nic. ||)

of two soils: the optimum and final stage, or the soil
of one of the specified stages. The suits of the soils
were discovered and investigated in sections of the
Pleistocene deposits near the town of Uman and
Pervomaisk. In both cases, the soils of the optimal
stage are represented by chernozem soils, and the
final one is brown steppe. In the section Bezimenne it
is studied one chernozem-like (sod?) soil of optimum.
For the investigated soils, the light-medium-grained
granulometric composition, carbonate, loose structure
and high degree of sorting of the material inherited
from the underlying Bug loesses, which are soil-
forming rocks, are characteristic. The soils of the final
stage were formed directly on the soil of the climatic

The obtained dat are good correlated with
the results of palinological and paleopedological
researches by near Pobuzhzhya disposed territory of
Ukraine (Sirenko, Turlo, 1986; Gerasimenko, 2004;
Sirenko, 2017; et al).

Conclusions. In the Pleistocene soils of the Middle
Pobuzhzhya, on the basis of micromorphological
research, diagnostic features of soil formation
processes were revealed. These features are
systematized in groups (biogenic-accumulative,
eluvial, illuvial-accumulative, hydrogen-accumulative
and metamorphic), which made it possible to find out
the issues of the genesis and identification of fossil soil
formations, to identify individual micromorphological
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features of soils of separate stratigraphic horizons, to
establish the laws of evolutionary changes soil and
perform paleogeographic reconstruction on the basis
of paleopedological data.

1. It was found that in unsorted structures of
fossil soils biogenic and accumulative processes
are characterized by dark, dark brown or brown
humus-clay plasma, structural formations as simple
and complex microaggregates, well-defined inter-
and intra-aggregate cavity space, developed pore
net, the presence of coagulated or dispersed humus,
coprolites, microbial mass, plant tissue residues or
animals of varying degrees of decomposition or
other organo-mineral compounds. The characteristic
features of the eluvial processes are the predominance
of the skeletal particle over the plasma, halfdestroyed
microaggregates in the eluvial horizons of the
soils, the «washed» seeds of primary minerals
without films, fussy amorphous plasma. [lluvial-
accumulative processes are diagnosed on the basis of
the displacement of organo-clay substance numerous
separations of calomorphic clays in form of influxes,
stream, films around the grains of the mineral skeleton.

Among the hydrogene-accumulative processes
in fossil soils, it is possible to diagnose the signs of
gypsum enrichment (micro, fine, medium grained,
rhombus, lens and other forms of gyps), carbonatization
(cryptocristal-, micro- and small-grained -calcite
concentrations, lublinitis, etc.), salinization (forms
of the separation of light-dissolving salts), ore
creations processes (spots, flakes, films, diffuse rings,
microorsteins, incrustation and other forms iron and
manganese hydroxides concentration), meadow
processes (high content of mull humus, in the lower
part of the profile gray-blue of manifestations of
ferrous forms of iron, ferruginous microorsteins, signs
of redistribution of clay, carbonates and other salts.

In the thin section under the microscope,
especially from the soil of the Early and Middle
Pleistocene, there are signs of metamorphic processes
«n situy» can see, such as iron enrichment (reddish-
cinnamonish, yellowish-brown tints of the plasma),
claying (reduced proportion of grains of the mineral
skeleton — an increased proportion of plasma mass,
dense microstructure in the form of cleave blocks,
mass compactness, sharp edges of pore-cracks walls),
cleaving (dense block microstructure, segregation of
organo-clay substances into nodular formations in
the middle of cleave blocks), rubbification (brown
color of plasma, films and stains of iron oxides, grains
of goethite and hematite), intrinsic soil weathering
(corrosive grains of the mineral skeleton), etc.

2. It has been established that certain groups of
soil forming processes are characteristic for fossil

344

soils of separete paleogeographical stages. In the soils
formed prior to the Dnipro glaciation (Shyrokyne,
Martonosha, Lubny and Zavadivka), signs of processes
of enrichment, rubbification, ferralization, cleaving,
weakly expressed humus formation, carbonization,
and sometimes enrichment on gyps were diagnosed.
For the soils formed after the maximum glaciation
(Kaydaky, Pryluky, Vytachiv, Dofinivka), signs of
the same processes (humus formation, podzolization,
illimerization,  leaching, = meadow, carbonate
migration, etc.), which are characteristic for modern
soils of the territory of Ukraine are established.

It is proved that the individual features of the
microstructure of the Pleistocene soil horizons of
the Middle Pobuzhzhya can be used for stratigraphic
purposes. The micromorphological features of the
Shyrokyne, Martonosha, Lubny and Zavadivka soils
are with bright brownish, reddish and brownish shades
of plasma color, have compact massing with structural
separations in the form of cleave blocks with densely
packed nodular formations of ferruginous-clay matter,
a considerable amount of ferruginous, manganese and
carbonate new formations. In the soil of the early
optimum of the Kaydaky and Pryluky stages signs of
eluvial-illuvial processes are recorded (depleted on
the mulle and humus area with the «washed» grains
of the mineral skeleton, the microaggregates in the
eluvial horizons are destroyed, but din the illuvial —
the impregnation of the plasma by calomorphic clays
in the form of streaks, films, streams). In the soils of
late optimum of these times, there is a well-expressed
microagregation of the mass, a branched net of
twisted pores, a cougulated humus in the humus and
humus transition horizons, various forms of carbonate
evidences as impregnation and cementation of plasma
by microcrystalline calcite, grouping of crystals,
concentration of crypto-, micro- and fine crystalline
calcite. Specific individual characteristics of the
Vytachiv soils are block microstructure, numerous
nodular concentrations of organ-ferruginous-clay
substances, the presence of microorsteins. Dofinivka
soils are characterized by a loose microstructure,
fuzzy rounded simple micro aggregates, a developed
system of twisted pores, and carbonaceous mass.

3. Complex paleopedological studies with wide
application of micromorphological data allowed to
identify genetic types of fossil soils and reconstruct
the soil cover of the Middle Pobuzhzhya for eight
warm stages of the Pleistocene. Shyrokyne horizon in
the study area are represented by the reddish-brown,
reddish-dark-brown semi-hydromorphicsoils and their
meadow species. In the early optimum of Martonosha
time, reddish-brown forest, semi-hydromorphic and
meadow soils, while in the late optimum — reddish-
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cinnamonish-brown semi-hydromorphic and meadow
species were formed. Lubny soils are represented
by brown forest, light cinnamonish-brown forest
(early optimism) and brownish-cinnamonish,
meadow-cinnamonish chernozem-like and sod-
chernozem (late optimum). Zavadivka stage is
characterized by a variety of soil cover. In particular,
yellow-brown and brown forest soils formed in the
initial stage; in the early optimum — brown forest,
yellowish-brown forest (in the north-west), brown
forest reddish, cinnamonish soils (in the south-
ecast); in late optimum — brown forest cinnamonish,
reddish-brown forest, cinnamonish-brown, leached,
brownish-cinnamonish, brownzem-like, meadow;
in the final stage — yellowish-brown, reddish-brown
and meadow. In the suits of the Kaydaky horizon, the
following types of soils were studied: turf and turf-
podzolic (in the initial stage); turf-podzolic, brown
forest, including gleyed, podzolized and pseudo-
podzolized, light gray, gray podzolized, in the south
— dark gray podzolized, chernozems podzolized (in
the early optimum); turf, chernozems leached and
podzolized, meadow chernozem (in late optimum).
Within the limits of the Pryluky horizon on the
territory of the Middle Pobuzhzhya are found: brown,
gray forest, chernozems leached (early optimum);
chernozem brownzem-like, leached, meadow, typical,
cinnamonish (late optimum); turf, grayish-brown
chernozem-like, chernozems brownzem-like (final
stage). During Vytachiv time, specific dark-brown
soils of early optimum brown and light-brown soils
of late optimum were formed. In the north-west of the
territory, the Vytachiv soils are often gleyed, close to
the grasslands meadow, and in the south and south-
cast - they get cinnamonish shades, there are solonets
species. In the optimum of the Dofinivka time, turf,
turf-carbonate and near to chernozem soils formed on
the vast territory of the Middle Pobuzhzhya.

4. Identified genetic types of Pleistocene fossil
soils and reconstructed soil coverages of the Middle
Pobuzhzhya reflect the dynamic of evolutional soil
changes and, accordingly, natural conditions in time
and space. From the Early Pleistocene to the Dnipro
glaciation, during the Shyrokyne, Martonosha,
Lubny, and Zavadivka periods full profiled reddish-
cinnamonish, reddish-brown, cinnamonish-brown
and brown varieties of soil-pedosediments were
formed in weathering favorable to conditions of a
moderate, humid, close to subtropical climate.

After the Dnipro glaciation, the genetic types of
soils, which are close to modern, close to the modern
soil zoning, began to be formed on the territory of the
Middle Pobuzhzhya. All types of fossil Kaidaksky
soil (soddy-podzolic, brown forest, gray podzolized,

meadow-chernozem, chernozem leached, podzolized)
indicate that they are formed in slightly more humid
conditions of temperate climate compared with
modern ones. The genetic types of soils of the Pryluky
time reflect the changes in soil conditions from the
forest, forest-steppe and meadow-forest-steppe
regimes in the early optimum (meadow chernozem,
brown forest, gray podzolized, chernozems leached,
etc.), in the direction of meadow, meadow-steppe
and steppe regimes of soil formation (chernozems,
brownzem-like, leached, meadow, micellar-
carbonate, cinnamonish) in the late optimum. The
soils of Pryluky time were formed in a warmer and
evenly humid environment for the modern climate.
Specific brown and dark brown soils, analogues which
are not present in the modern soil cover of Ukraine,
were formed in Vytachiv time in conditions of fairly
warm, contrast, change-humidity-arid climate. The
Dofinivka soils, which are close to the chernozems,
reflect the conditions of a more continental, arid and
cooler climate.

5. Changes in paleogeographic conditions in
the Pleistocene recorded in the soil sediments on the
territory of the Middle Pobuzhzhya are subordinated
to the basic legularities in the development of nature.

Alternating in subaerial layers of soils (formation
of warm stages) with loesses (deposition of cold
stages) reflect rhythmeness.

The development of natural conditions during
the Pleistocene in the direction of aridization and
coldness indicate direction in the development.

The structure of the most complete soil suits
clearly confirms the stage of development stadials
— in the initial stage of soil formation, the climate is
relatively cold and humid, in the optimum stage —
warm and humid, in the final — warm and dry.

Zonal changes in the soil cover of the Pleistocene
are manifested both in time and in space (regionality).
In the early Pleistocene, genetic types of soils, close
to subtropical ones, were formed. After the Dnipro
glaciation, changes in the natural conditions that
occurred in the formation of soils of the subboreal
and boreal zones occurred. Spatial zonal changes in
the soil of the early Pleistocene were almost non-
existent (in the Shyrokyne and Martonosha times) or
expressed weakly (Lubny, Zavadivka times). Brighter
zonal differences appeared in the post-Dnipro warmer
stages. The most suitable for the modern soil zoning
was formed in Kaydaky and Pryluky times. The
boundaries of natural zones compared with modern
ones were displaced to the south in the early optimum
of the Kaydaky time, and to the north — in the late
optimum of Pryluky. In the Vytachiv and Dofinivka
times, the zone was evidenced.
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Non-pollen palynomorphs as indicators of palaeoenvironmental changes: a case study from
Lake Chokrak (the Crimean Peninsula)
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Received: 15.04.2019 Abstract. The paper presents the first study of the non-pollen palynomorphs assemblages of
Received in revised form: 18.05.2019 the upper Holocene sediments of hypersaline Lake Chokrak. As has been previously shown,
Accepted: 21.05.2019 the Crimean saline lakes tend to have low variety and frequencies of non-pollen palyno-

morphs (Mudie et al., 2011). The upper samples from Lake Chokrak have yielded high
pollen frequencies, as well as a relatively diverse assemblage of NPPs, including acritarchs, dinoflagellate cysts, microforaminiferal
linings, fungal spores, eggs of Artemia salina, ostracod jaws and arthropod parts. Acritarchs are represented mostly by Sigmopollis sp.,
which are abundant in all the studied samples, and by occasional Micrhystridium sp. and Pseudoschizaea circula. Among the fungal
spores, Podospora, Delitschia and Sporormiella have been identified, indicating a former settlement. Three species of dinoflagellate
cysts have been identified, Lingulodinium machaerophorum, Impagidinium caspiense and Spiniferites cf. crusiformis. These species
are found in brackish/marine environments and do not tolerate high water salinity. They could have been transported to the lake by
overflowing marine waters over the sand barrier between the lake and the Sea of Azov. Therefore, their appearance in the lake sedi-
ments may indicate possible sea-level changes and/or increased wave activity. So far, within the analysed top 2 m of the core, we can
distinguish five intervals where dinocysts and microforaminiferal linings are present, possibly indicating increased marine influence,
separated by four intervals where few or no brackish species have been found. Impagidinium caspiense is a dominant species among

the dinocysts in all the samples, except the surface sample, where L. machaerophorum is much more abundant. This could indicate the
increased salinity and/or higher nutrient loading to the Sea of Azov during the XX century. The allochthonous nature of dinocysts and
some other NPPs in the Lake Chokrak sediments can play an important role in reconstructing level changes of the Sea of Azov and
depositional environment of the lake, as well as contribute to the interpretation of pollen data.

Key words: non-pollen palynomorphs, lake sediments, Black Sea, Holocene.

HenunkoBi naininomoppu sik ingukaropu najneoreorpadgivHux 3MiH Ha npukiaai osepa Yo-
kpak (Kpumcbkuii niBocTpiB)

€. I1. Porosin

Kuiscokuii nayionanvruil ynisepcumem imeni Tapaca Lllesuenxa, Kuie Yxpaina, e-mail: yevhenii.rohozin@knu.ua

AHoTanisi. Y CTaTTi BIeplie NpeICTaBICHO JO0CIIKESHHS HEMHIKOBUX MaliHOMOP( y BEPXHBOTOIONEHOBHX BiIK/IaJaX TilIepCOTIOHOTO
o3epa Yokpak. Sk Oyro nmokasaHo paniie, consiHi o3epa KpiuMy MaroTh HU3bKHH PiBEHb PI3HOMAHITTS Ta KOHIEHTpALi] HEIMIKOBIX
nasiromopd (Mudie et al., 2011). JlocmimkeHi 3pa3ku BiAKIaAiB MAIOTh BUCOKY KOHLICHTPAIIIIO MUJIKY, Ta BIJHOCHO Pi3HOMAaHITHHI
cnekrp HIIII, BKiIOYaroun akpitapxu, MACTH AWHOQIIATEIAT, 00OJIOHKH MikpodopamiHidep, criopu TpudiB, s Artemia salina,
mIeJIeny OCTpaKodiB Ta yacTuHu ckenety Cladocera. AkpiTapxu MpeacTaBiIeHO MepeBakHO Sigmopollis sp., SKi MepeBakaroTh B yCiX
JOCTIDKEHNX 3pa3kax, Ta MOOAUHOKUMHU criopamu Micrhystridium sp. Ta Pseudoschizaea circula. Cepen ciop rpu6iB Oyno BUSBIECHO
cniopu Podospora, Delitschia Ta Sporormiella, siki € iHUKaTOpaMu TaBHBOTO MOCEICHHS. [MeHTH()IKOBAHO TPU BUIHU IIUCT TUHODIIATCIIAT
— Lingulodinium machaerophorum, Impagidinium caspiense i Spiniferites cf. crusiformis. 1{i Buau HajgaTh epeBary COJIOHYBATHM
Ta MOPCBHKMM BOJaM i HE NMEPEHOCATH HAITO BHCOKY COJOHICTH BOAM. BoHM Mo OyTH NpHHECEHUMH B 03€pO MOPCHKUMH BOJIAMH,
SIKI TIEPEITMBAIIMCS Yepe3 MePecHIl MiX 03epoM Ta A30BCHKMM MOpeM. TakiUM YHHOM, HAsIBHICTh LUX HaJTiHOMOP( € iHIUKaTOpOM, K
IMOBIPHHUX 3MiH PiBHS MOpSI, TaK i 301JIbIICHHS MPUIUIMBHUX XBIJIb. Y MPOaHAII30BaHUX BiIKIagaX, MOTYKHICTIO 2 M, BUSBJICHO 11’ Th
IHTEpBAJIIB, y SIKUX MIPUCYTHI IXUCTH AUHO(IIAressIT Ta 000J0HKH Mikpodopaminidep, siKi MPEACTaBIAIOTh 301IbIICHHS BILTUBY MOPSI
Ha y30epexcKst, SIKi 4epryioThesl 3 YOTHPMa IHTepBalaMH, Y SIKMX HE BUSBICHO BUJIB, SIKi IPOXKUBAIOTH y COJIOHYBATUX Boxax. L{uctu
Impagidinium caspiense nepeBaxkarOTh y BCiX 3pa3Kax, OKpiM MOBEPXHEBOTO, Y SIKOMY L. machaerophorum npencTaBieHo y OLIbIINX
KinpkocTaX. Lle Moxe Bka3yBaTH Ha MiABHINCHHS COJIOHOCTI Ta 30LIBIICHHS HAIXOKCHHS ITOKUBHHUX PEUOBHH Y A30BCHKE MOpeE
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nporsiroM XX cT. AJIOXTOHHE MOXO/pKeHHs quHorucT Ta inmmx HIII y Bigkmagax o3epa Yokpak MoxXe BiirpaBaTH BaXIIHBY POJb SIK
Y PEKOHCTPYKIIIi 3MiH piBHA A30BCHKOTO MOPsI Ta OaceliHy 0CaIKOHAKOMMYESHHS 03€pa, TaK 1 JIOTIOBHIOBATH CIIOPOBO-ITHIIKOBI JIaHi.

Kniouosi cnoea: nenunkosi narinomopgu, ozepui ¢ioxnaou, Yopre mope, conoyen.

Introduction. Environmental changes that have been
occurring in the Black Sea region through the Holo-
cene are associated with climatic changes and fluc-
tuations of the Black Sea basin. These short-term
changes can be reconstructed using continuous sedi-
mentary archives, like the saline lakes in the Crimean
Peninsula. Many of these lakes have annually lami-
nated sediments, the fact that enables high-resolution
palaeoenvironmental reconstructions of the lake and
its surroundings. Palynological content of these lacus-
trine sediments is of particular use for reconstructions
of past vegetation cover and land-use practices, and
modelling of climate changes. Pollen and spore con-
tent of various sediment types have long been studied
by Quaternary researches, but there have been com-
paratively few studies of non-pollen palynomorphs
in the marine and lacustrine sediments in the Black
Sea and the adjacent area. Non-pollen palynomorphs
(NPPs) are other microfossils than pollen and spores
from vascular plants observed in palynological sam-
ples. Their usage as palacoecological indicators is
rapidly growing because of their potential to recon-
struct palaeohydrological regime and to complement
reconstructions of past vegetation cover based on pol-
len analysis.

The history of non-pollen palynomorphs studies
in the Black Sea region starts with works by Wall ez al.
(1973) and Wall and Dale (1974), who first described
new types of dinoflagellates in the brackish waters of
the Black Sea and outlined their affinities to water sa-
linity. Traverse (1974) described two dinocyst species
and three acritarchs in the south-eastern part of the
Black Sea. Later, Traverse (1978) presented and il-
lustrated some NPPs in the Black Sea cores, including
fungal spores, several types of dinocysts, Botryococ-
cus, Pediastrum, and several types of acritarchs (Cy-
matiospherae, Tasmanites, Pseudoschizaea). Mudie
et al. (2002) described the abundance of dinocysts
species, acritarchs, fungal spores and microforaminif-
eral linings in the Marmara and Black Seas in the Up-
per Pleistocene-Holocene sediments and the influence
of salinity on their distribution patterns. Marret et al.
(2009) proposed a two-step transformation of the
Black Sea basin in the early Holocene using brackish
and euryhaline assemblages of dinocysts. More re-
cently, Mudie ef al. (2011) illustrated different types
of NPPs in the Caspian-Black Sea-Mediterranean cor-
ridor, their frequencies in marine, estuarine and lacus-
trine sediments, and their value as indicators of salin-
ity and nutrient level of waters and human activity in

the region. Shumilovskikh et al. (2013) reconstructed
sea-surface salinities and temperatures of the south-
eastern part of the Black Sea during the Holocene and
Eemian using freshwater/brackish and marine assem-
blages of dinocysts. Zonneveld et al. (2013) mapped
and described present-day environmental conditions
and geographic distribution of dinocysts in sediments
based on 2405 data points, including several points
in the Black Sea. To summarise research results over
the past decades, Mudie et al. (2017) presented at-
las of modern dinocysts distribution in the Black Sea
corridor (based on 185 surface samples), in which
relationships between the distribution of individual
dinocyst species are described, as well as such water
parameters as salinity, temperature, nutrient content
and bottom water oxygen. The first standardised tax-
onomy of the dinoflagellate cysts found in the Black
Sea corridor was provided. As can be seen, the NPP
studies in the Black Sea have been rapidly develop-
ing, producing new important data on geographic dis-
tribution and ecological affinities of individual spe-
cies of NPPs.

In this paper, we analysed NPP content from
the upper Holocene sediments of hypersaline Lake
Chokrak, in the north-east of the Crimean Peninsu-
la. The specific objectives are 1) characterisation of
diversity and concentration of NPP in the sediment
samples, 2) investigation of mechanisms of their dis-
tribution in the lake, and 3) outlining indicative envi-
ronmental value of individual species.

Materials and methods. Lake Chokrak is a hyper-
saline coastal lake in the north-east of the Crimean
Peninsula (Fig. 1). The lake is a former marine la-
goon, which evolved around 5,000 years BP due to
postglacial transgression of the Black Sea (Kurnakov
et al., 1932). Marine conditions terminated around
4,000-3,000 BP, when a sand barrier started to form
and separated the lake from the Sea of Azov (Kelter-
baum et al., 2012). At present, the lake is separated
by a sand barrier up to 350 m in width. The area of
the lake is 8.5 km? and the maximum depth is 1.3 m.
The sediments of the lake show annual lamination: it
is suggested that dark spring layers of washed off soil
are coupled with light summer evaporite layers. The
climate of the study area is arid and continental. The
present mean annual temperature is 11°C, with mean
July temperatures of 24°C, and mean January temper-
atures of —1°C. Annual amount of precipitation does
not exceed 350 mm. At present, Lake Chokrak dries
up completely during summer (July—August). The sa-
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Chokrak

Seq of Azov
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Black Sea

Fig. 1. Left: a map of the study area around Lake Chokrak showing the location of core CH1. Right: a map of the Black Sea region

showing the location of Lake Chokrak.

linity of the lake ranges from 80 to 180%., whereas
the Sea of Azov near the study site has the salinity
of 11.5%o. The bedrock consists of Neogene clays,
limestones and marls, which are frequently exposed
around the lake. The soil cover is composed of cher-
nozems on heavy clays. The vegetation cover of the
study area is represented by grassland with admixture
of Artemisia and Chenopodiaceae, and the lake itself
is surrounded by halophytic vegetation.

The 1l-metre core CH-1 was collected from
the western part of Lake Chokrak (45°27°37” N,
36°18’10” E) within the framework of USA-Ukraini-

rope” (1995-1999). The core was subsampled at 5-cm
interval with the aim to reveal sort-term palacoenvi-
ronmental changes of the lake and its vicinities. The
laboratory processing of the subsamples involved
treatment with 10% HCI in a hot water bath, hot treat-
ment with 10% NaOH, cold treatment with 40% HF
and secondary treatment with 10% HCI to remove
the secondary formed salts and calcium. The residues
were mounted in glycerol and analysed under a light
microscope. Mudie et al. (2011) notes that the use of
acetolysis or hot 10% KOH may decrease the number
of recovered palynomorphs as some dinoflagellate
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Fig. 2. Diagram of main NPP groups in the Lake Chokrak samples. The taxa are shown in numbers of specimens. Blue zones indicate

intervals of increased marine influence on the lake basin.

an-Russian project “High resolution Holocene proxy
precipitation record in varved lake beds of Eastern Eu-

350

cysts are extremely sensitive to oxidation. The iden-
tification of dinoflagellate cysts was preformed using
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modern atlases and keys (e.g. van Geel, 2001; Mudie
etal.,2011,2017; Zonneveld, Pospelova, 2015).

Results. The upper sediment samples from Lake
Chokrak have yielded high pollen frequencies, as well
as a relatively diverse assemblage of NPPs, includ-
ing dinoflagellate cysts, prasinophytes and acritarchs,
fungal spores, foraminiferal linings and other animal
remains (Fig. 2, 3). No specimens of Chlorococcales,
like Pediastrum or Botryococcus, Zygnematales or
cyanobacteria have been recorded in the samples.

Dinoflagellate cysts. Dinocyst content in the
Lake Chokrak samples is not abundant. Their values
range from being virtually absent to about 3% of the
total pollen sum. The highest number of dinocysts (20
specimens) is recorded in the topmost sample, and
in the lower samples, 10 or fewer specimens were
observed. Dinocyst occurrence in the Lake Chokrak
samples follows a certain pattern, being absent or
present across several samples in line. The following
species have been identified: Lingulodinium mach-
aerophorum, Gonyaulax baltica (the motile stage of
Impagidinium caspiense), Impagidinium caspiense,
Spiniferites cf. cruciformis. Lingulodinium mach-
aerophorum and Impagidinium caspiense are most
abundant in the samples, and the others are rarely ob-
served.

Prasinophytes and acritarchs. Prasinophytes are
represented by Cymatiosphaera globulosa, which
appears sporadically in the samples and does not ex-
ceed 0.8% of the total pollen sum. Most specimens
are recorded in the upper part of the sequence. Acri-
tarchs are most abundant palynomorphs in all studied
samples, especially Sigmopollis-type, and occasion-
ally Micrhystridium and Pseudoschizaea circula were
observed.

Fungal spores. Fungal spores are encountered in
almost all samples, but they are more diverse in the top
part of the sequence (0.0-1.0 m). Their content ranges
between 1.0% and 2.5% of the pollen sum. From the
total fungal spore assemblage, we have been able to
identify Glomus-type, Podospora spp., Delitschia sp.
and Sporormiella sp.

Animal remains. In the samples, several speci-
mens of trochospiral organic linings of microfora-
minifera were recorded. Ostracod mandibles are oc-
casionally observed in the upper part of the sequence
(0.0-1.75 m), along with exoskeletal parts of juvenile
Cladocera and eggs of Artemia salina.
Interpretation. Dinoflagellates are the organic-walled
encysted stages of the life cycle of this group of one-
celled organisms. Most dinoflagellates are of marine
origin, although freshwater specimens are known.
Due to high salinity of Lake Chokrak, dinocysts do
not make up a large part of the fossil assemblage as

they would do in marine sediments. Nonetheless, they
are common in the upper part of the sequence to repre-
sent marine influence on the lake. Mudie et al. (2011)
reported that organic-walled dinocysts had not been
found in the saline Crimean lakes Saki and Dzharyl-
gach, probably because of alkaline environment of
the lakes or laboratory treatment with KOH. Lingu-
lodinium machaerophorum is the most widespread
and often the most abundant species of the Black Sea
corridor (Mudie et al., 2010). The species is present
in many types of waters, although not found in low
salinity basins. The specimens are generally found in
coastal areas and regions in the vicinity of continental
margins, where sea-surface temperate is above 10°C
and salinity ranges between 8.5 and 39.4%0 (Mudie
et al., 2017). High relative abundances of Lingulo-
dinium machaerophorum occur both in high and low
sea surface salinities (the latter is as a result of river
discharge). They are abundant in regions with strong
(seasonal) variability in the trophic state of the upper
waters (Zonneveld et al., 2013). In the Lake Chokrak
sediments, Lingulodinium machaerophorum is most
abundant in the top sample (0.05 m), and being an
euryhaline species, it is more indicative of nutrient
loading to the Sea of Azov than of changes in the sea-
surface salinity.

Impagidinium caspiense is most dominant in the
Caspian and Aral Seas (Marret et al., 2004), although
rare cysts of 1. caspiense have been reported along the
Black Sea coast and in the Marmara Sea (Mudie et al.,
2017). Impagidinium cysts are usually found in open
oceanic sediments from polar to equatorial latitudes
covering a wide range of temperatures (Zonneveld
et al., 2013). The modern sea-surface salinity range
for 1. caspiense is 11.7-17.5%0 (Mudie et al., 2017).
The increase of relative abundance of 1. caspiense at
0.10 m and lower, may indicate decrease in salinity
or insufficient nutrient content of waters for Lingulo-
dinium machaerophorum to exceed in numbers.

Cysts of Spiniferites cruciformis are only found
in the Black Sea corridor and observed in coastal areas
(Mudie et al., 2010). They are found mostly in brack-
ish waters with high river discharge (Zonneveld et al.,
2013). These dinocysts are found in a broad range of
sea-surface temperatures, but they are more abundant
in the warmest areas (Mudie ef al., 2017). Most di-
noflagellates are intolerable to the salinities higher
than 35%o, and their presence in the Lake Chokrak
sediments is therefore associated with surface waters
from the Sea of Azov. There are five intervals in the
sequence where the dinocysts are present in relatively
moderate numbers (Fig. 2). Thus, these intervals are
related to periods when waters rise upwards, which
led to increased availability of nutrients in the sea sur-
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Fig. 3. Light microscope images of some non-pollen palynomorphs from the Lake Chokrak core. The scale bar is 10 pm.
1-4 — Lingulodinium machaerophorum; 5 — Gonyaulax baltica; 6 — Impagidinium caspiense; 7 — Pseudoschizaea circula; 8 — Sigmo-
pollis sp.; 9-11 — mouth parts of small ostracods; 12-15 — exoskeletal parts of Arthropods; 16, 17 — crustacean eggs; 18 — an egg of
Artemia salina; 19 — a spore of Glomus; 20 — a foraminiferal lining; 21 — a spore of Sporormiella sp.
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face waters and transport of dinocysts to the shore of
the lake.

Acritarchs are palynomorphs with uncertain bio-
logical affinity, although it is assumed that they are
a part of the life cycle of marine algae (Traverse,
1974). Batten (1996) states, that abundance of small,
round acritarchs indicates nearshore, fine-grained
marine sediments of variable salinity. Acritarch Cy-
matiosphaera globulosa belongs to the indicators of
marine conditions, which was first shown by Pals et
al. (1980) in the studies of peat and lake sediments
in the Netherlands. Micrhystridium sp. is usually
found in marine waters and is common in the Black
Sea (Mudie et al., 2010). Wall (1965) reported that
Micrhystridium favours nearshore environments that
supports the idea that these specimens can be found at
the sandbar between Lake Chokrak and Sea of Azov.
Micrhystridium specimens have also been reported
to be observed in saline Lakes Saki and Dzharylgach
(Mudie et al., 2011). Acritarch Sigmopollis is consid-
ered to be a freshwater species and mostly found in
mesotrophic water streams or calm water environ-
ments (van Geel et al., 1989), which suggests that its
presence in Lake Chokrak is linked to transport from
freshwater bodies.

From the various studies of fossil fungal spores,
it is evident that the recorded spores in the majority
of cases are of local occurrence. They were fossil-
ised at, or near, the place where they had been pro-
duced, or the spores were deposited at only a short
distance from the place where sporulation took place
(van Geel., 2001). Spores of mycorrhizal fungus
Glomus in the studied samples indicate soil erosion
in the area around the lake or other soil disturbance
(van Geel, 1989). Fungal spores, including Glomus-
type, are common in the saline Lake Saki, whereas in
Lake Dzharylgach fungal spores are rare (Mudie et
al., 2011). Spores of coprophilous fungi Delitschia,
Podospora and Sporormiella are regularly reported
in palynological samples from archaeological sites
(Cugny et al., 2010) and indicate presence of human
settlements or domestic livestock. In our case, they
might indicate very recent agricultural usage of the
lands around the lake.

Microforaminiferal linings indicate marine depo-
sitional environments, although they can be abundant
in estuaries and lagoons of variable salinity. They
have been widely used as marine indicators, whether
occurring in abundance or as isolated specimens, and
are common in clastic shelf sediments deposited in
warm, shallow waters that are not greatly affected by
terrestrial input (Batten, 1996). Therefore, microfora-
miniferal linings, which are present in the upper part

of the sequence, are indicators of sea water incursions
or sea-level changes in the Late Holocene. Ostracod
mandibles and exoskeletal parts of Cladocera are also
indicators of marine environments, especially shallow
coastal basins. Linings of microforaminifera and os-
tracods are also reported in Lake Dzharylgach (Mudie
et al., 2011). Crustacean Artemia salina is native to
saline lakes, therefore its eggs are indicators of their
autochthonous origin in the lake.

The sediments from both saline lakes Saki and

Dzharylgach contain spores of colonial algae, Pe-
diastrum in particular, indicating freshwater input
into the lakes, whereas in Lake Chokrak there is no
evidence to support that.
Conclusion. The palynological study of the Lake
Chokrak sediments revealed that sediment samples
contain a relatively diverse assemblage of non-pollen
palynomorphs, including dinoflagellate cysts, acri-
tarchs, fungal spores, microforaminiferal linings and
ostracod mandibles. The frequencies of dinocysts, al-
gal and fungal spores are low, which can be explained
by NaOH laboratory treatment of the samples, or by
alkaline depositional environment of Lake Chokrak.
The obtained data were interpreted in the light of
known ecological affinities of individual species and
their modern distribution. The majority of identified
NPPs are indicators of marine conditions and are typi-
cally found in brackish/marine waters, therefore their
presence in the studied samples indicates periods of
increased wave activity and/or sea-level oscillations.
We have been able to recognise five intervals when
sea waters entered the lake basin. Human impact on
the environment in the recent time has been traced by
the presence of coprophilous fungal spores.

NPPs are useful for palacoenvironmental recon-
structions of coastal systems influenced by sea-level
oscillations and climate changes. Ecological affinities
of the studied palynomorphs can lead to general and
detailed palynological conclusions about past deposi-
tional environments. Further study of NPPs can sig-
nificantly contribute for interpretations based on pol-
len data and elaborate the Mid- and Late Holocene
history of Lake Chokrak.
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Changes in Pleistocene vegetation and climate of Ukraine in the range of 1.8-0.4 million years
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Received: 14.03.2019 Abstract. On the basis of the analysis of the results of detailed palynological studies of
Received in revised form: 19.03.2019 Pleistocene deposits in Ukraine, the correlation between climatic changes and vegetation
Accepted: 26.04.2019 dynamics was retraced in the range of 1.8-0.43 million years. The curve of paleoclimate

changes was constructed and analyzed. It was shown that certain climatic characteristics
were inherent for each stage of the nature development, which was reflected in the composition of vegetation. It was found that
temperature and humidity fluctuations also occurred during each stage. The evidence of this is the reconstructed micro-rhythm in the
development of vegetation of each stage. The main features of vegetation composition were determined for four warm and five cold
stages of nature development, and a pattern of vegetation changes was retraced during each stage. The dynamics of vegetation cover
of the Prydonetska Plain, different parts of the Prydniprovska Lowland, the Prydniprovska Upland, the Near Black Sea Lowland,
and the Podil’ska Upland vegetation during the specified geological time was reconstructed. General and regional distinctions of the
composition of vegetation cover were revealed, and the influence of the main climatic factors such as temperature and humidity on
the character of its changes was retraced. The stages characterized by the warmest and wet climatic conditions and the most cold and
dry ones were established. It was substantiated that the climatic conditions of the Sula period were less severe than in the subsequent
stages of the fall of temperature. The existence of refugiums of thermophilic flora in the Sula period within separate regions of Ukraine
was established. The existence of vegetation zonality was substantiated not only in warm stages, but also in cold periods of the Early
Neopleistocene.

Key words: vegetation cover; climate, Pleistocene, Ukraine

3MiHU MU1elicTOLeHOBOI POCIAMHHOCTI Ta KiaiMaTy Ykpainu B intepBadi 1,8-0,4 MmaH. pokis
O.A. Cipenko

Inemumym eeonoeiunux nayx HAH Yxpainu, Kuis, Ykpaina,
e-mail: o_sirenko@ukr.net

AnoTtamnis. Ha ocHOBI aHami3y pe3yibTaTiB ACTaJbHUX MaJiHOIOTIYHUX JOCIHIIKeHb TUICHCTONICHOBUX BIAKIIAAIB YKpaiHU mpocTe-
JKEHO B3a€MO3B 30K KIIMAaTHYHUX 3MiH Ta TUHAMIKH POCTMHHOCTI B iHTepBani 1,8-0,43 muH. p. [loOynoBano Ta mpoaHai30BaHO
KpHBY 3MiH naseoknimMatiB. [Toka3aHo, 1110 JJIsl KOXKHOTO €Tary PO3BUTKY IPUPOAN BIACTHBI MMEBHI KJIIMaTHYHI XapaKTePUCTUKH, IO
3HAWILIO BiJOOpaKEHHs Y CKJIaJl POCIMHHOCTI. BcTaHOBIEHO, 1110 KOJMBAHHS TEMIIEPATyPH Ta BOJIOTOCTI BiIOYBaJIMCh TAKOXK i B Me-
»Kax KOKHOTO erarry. CBiTUEHHSIM IIbOTO € PEKOHCTPYHOBaHA MIKPOPUTMIYHICTD Y PO3BUTKY POCIMHHOCTI KOXXHOTO eTary. Busnaueno
OCHOBHI PUCH CKJIaJly POCIMHHOCTI U1 Y4OTHPHOX TCIUINX Ta I1’SITH XOJOJHHUX CTalliB PO3BUTKY HPHPOIU Ta IPOCTEIKEHO XapaKTep
3MiH POCJIHHHOTO MTOKPHBY MPOTSITOM KOKHOTO 3 €TariB. PEeKOHCTPYHOBaHO AMHAMIKY POCIHHHOTO MOKPHUBY IIpHIOHEIBKOT piIBHIHH,
piznux yactus [IpuaninpoBchkoi HU30BHHH, lpuaHinpoBcekoi Bucounuu, [IpudopHomopcbkoi HU30BHHH, [loainbChKOT BUCOUMHM
MIPOTSITOM 3a3HAYSHOT0 I'eOJIOTIYHOTO Yacy. BusiBlieHO 3aralibHi Ta perioHaibHi BiIMIHU CKJIay POCIMHHOTO MTOKPHUBY Ta IPOCTEKEHO
BIUTUB OCHOBHHUX KJIIMaTHYHUX YMHHUKIB — TEMIIEPaTypy Ta BOJIOTOCTI Ha XapakTep Horo 3MiH. BcTaHOBIIEHO eTamy, 1110 XapaKTepH-
3yBaJINCh HAWOIBII TETUIMMHU Ta BOJIOTMMH KJIIMAaTHYHIMHU YMOBaMH, T2 HAHOLIBII XOIOAHUMY 1 mocynuBuMH. OOrpyHTOBAHO, 110
KIIIMaTHYHI YMOBH CYJIbCHKOTO Yacy OyJIM MEHII CyBOPHMHU, HIXK Y HACTYIIHI €TaIH [M0X0JI0/1aHb. BCcTaHOBIEHO icHYBaHHS pedyriymiB
TepMo(dibHOT (IIOPH B CYITBbCHKUIT Yac y MeXaxX OKpeMHX perioHiB Yipainu. OOTpyHTOBaHO iCHYBaHHsS POCIMHHOI 30HAJIBHOCTI HE
JIUILIE Y TETUTi eTamH, a 1 y XOJIOJHI NepioAHn HIKHBOTO HEOIIHCTOIICHY.

Knouosi cnosa: pociunnuti nokpue, kiimam, nieicmoyen, Ykpaina
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Introduction. The dynamics of the Pleistocene
vegetation in time is inextricably linked with the
rhythmic changes in the climate primarily due to
the interchanges of glacial and interglacial periods.
Vegetation reacts sensitively even to minor climate
change. In the interval considered within the plain
part of Ukraine, five cold (Berezan, Illichivsk,
Priazovya, Sula, Tiligul) and four warm (Kryzhanivka,
Shyrokyne, Martonosha, Lubny) stages of nature
development occurred.

During the warm stages, the pedo-complexes
consisting of soils of early and late optimum and the
final stage of pedogenesis were formed. In the most
complete sections, soils of optimums were separated
by thin loessial layers, which is the evidence of inter-
staging falls of temperature. During the cold stages
in the non-glacial zone, loess and loessial loams
were accumulated, in the strata of which immature
embryonic soils formed during short-term inter-stage
warming were retraced. Each of these stages differs in
terms of temperature as well as the degree of irrigation
and humidification of the climate, which was reflected
in the composition of vegetation.

According to the International Stratigraphic Scale
2018 (ISS), the stages of nature development in the
range of 1.8-0.8 million years are dated to Calabriane,
and in the range of 0.8-0.43 million years — Middle
Pleistocene. According to the stratigraphic scheme of
the Quaternary deposits of Ukraine (Stratygrafichnyj
kodeks Ukrai’ny Redaktor P.F. Gozhyk, 2012), the
paleogeographical stages of the first interval are
dated to Eopleistocene, and the second interval —
Early Neopleistocene. The purpose of this research
is to establish the patterns of vegetation dynamics
within the plain part of Ukraine related to changes in
climatic parameters during the specified geological
period, not only at the level of separate stages of
nature development, but also within each stage;
determination of general and regional differences of
vegetation cover within individual regions of Ukraine;
construction of paleoclimate curve according to
palynological data.

Materials and methods. The main method of the
research was a spore-pollen analysis. The material
for the performed reconstructions was the analysis
of the results of detailed palynological studies of the
Pleistocene deposits in 16 sections located within the
Donets folded structure, the Dnieper-Donets and the
Black Sea depressions (Sirenko, 1994, 2017a, b), the
central, northern and southern parts of the Ukrainian
shield (US) (Sirenko, 2002, 2009a, 2017b), as well
as the Volyn- Podil’ska Plate (Sinenko, 2009b), and,
correspondingly, within three modern vegetation
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zones: steppe, forest-steppe and mixed forests
(Fig.1). In the process of the research, not only
spore-pollen charts but also the cyclograms of the
ecological structure of the complexes constructed for
each section were analyzed, which allowed not only
to reconstruct a type of vegetation, but also gave an
opportunity to draw conclusions about the nature of
climate change in certain periods.

In addition, the data of palynological studies of
Pleistocene deposits by S.I. Turlo (Sirenko, Turlo,
1986) and N.P. Gerasimenko (Gerasimenko, 2004,

Matviishyna, Gerasimenko, Perederii, Brahin,
Ivchenko, Karmazynenko, Nahirnyi, Parkhomenko,
2010) were analyzed.

Main results. The features of the vegetation
composition of Ukraine in the range of 1.8-0.8 million
years, which corresponds to Calabriane according to
the International Stratigraphic Scale (IIS), are closely
linked to global trends in climate change. According
to A.A. Velichko with co-authors (Velichko A.A.,
Pisareva V.V. Faustova M.A., 2011), the tendency
to falling of temperature intensified in the range of
1.8-0.8 million years. At that time, in Western Europe
glaciation spread to Scandinavia and Northern
England. Significant aridization of climate occurred
about 1.8 million years resulted in the depletion of
vegetation. In particular, the role of mesophyllous
plants decreased in the composition of vegetation
in the territory of the European part of Russia and
Ukraine, including the changed composition of
herbaceous cenoses from miscellaneous herbs to
more xerophilous miscellaneous herbs—orach and
mugwort—orach. The role and taxonomic diversity of
thermophilic and broad-leaved species of moderately
warm zone in forest groups also decreased.

During the Berezan period (1.8 million years) the
forest-steppe type of vegetation predominated within
Ukraine, while in the southern and southeastern
regions (Sirenko, Turlo, 1986, Gerasymenko, 2004)
the area occupied by herbaceous cenoses increased.
In the Prydonetska Plain and area near the Azov Sea
(Sirenko, Turlo, 1986), their main components were
representatives of Chenopodiaceae and Asteraceae
families, in the central part of the Prydniprovska
Upland — Poaceae. The last region and the western
part of the Prydniprovska Lowland were characterized
by meadow-steppe cenoses and locations with a few
aquatic and coastal aquatic plants: Sparganium sp.
and Typha sp. The herbaceous groups of the southern
part of Ukraine included xerophytes and halophytes
of Frankeniaceae family (Sirenko, Turlo, 1986),
which may indicate the existence of saline vegetation.

The main component of thinned forests was
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Pinus spp. subg Diploxylon with a small impurity of
Betula spp., and in humid places — Alnus spp. Broad-
leaved forests were mainly represented by Quercus
robur, and the forest groups of the north-western part
of the Prydniprovska Lowland included T7ilia cordata,
Corylus avellana and very rare — single Juglans regia.

According to N.P. Gerasimenko (Matviishyna,
Gerasimenko,  Perederii, = Brahin,  Ivchenko,
Karmazynenko, Nahirnyi, Parkhomenko, 2010),
the most humid conditions, and, correspondingly,
the greater representation of deciduous plants in
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cover of the southern and south-eastern regions
(domination of xerophilic herbaceous groups) and the
central, northeastern and western regions (prevalence
of broad-leaved —coniferous, oak—pine and mixed
forests). Within the area near the Azov Sea, the Donets
Basin and the area near the Black Sea, forest groups
were confined to the river terraces.

The vegetation cover of the Early Kryzhanivka
period was characterized by insignificant taxonomic
diversity of deciduous plants (Alnus spp., Betula
spp., Quercus spp., Tilia spp.) and a fairly significant
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Fig. 1. The scheme of location of Pleistocene deposit sections in Ukraine, studied by the method of spore-pollen

analysis (according to O.A. Sirenko).

forest groups, as well as miscellaneous herbs in the
composition of herbaceous cenoses existed in the
Middle Berezan, and the most arid and cold — in the
Late Berezan.

The general tendencies of aridization and fall
of temperature that occurred at the beginning of
Calabriane influenced the vegetation composition of
both cold and warm stages.

The characteristic features of Kryzhanivka
vegetation might include the presence of dark conifers
(mainly Picea spp. sect Eupicea) in the forests of
almost the whole territory of the platform Ukraine,
as well as the bright differentiation of vegetation

representation (depending on the relief) of conifers
and herbs. Thermophilic plants in forests were
represented by few Juglans spp.

In the Middle Kryzhanivka period, humidity of
climate and heat supply probably increased, which
resulted in the expansion of the representation of
deciduous plants, especially broad-leaved species:
such as Fagus sylvatica, Fagus sp., Tilia platyphyllos,
T rubra, Carpinus betulus, C. orientalis, Ulmus
laevis, Ulmus sp. and shrubs: Corylus spp., Elacagnus
sp., Rhamnus sp., Euonymus sp. in forests. Birch
forests and thickets (Salix spp. and Alnus spp.) grew
on various forms of relief.
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In the central part of the Prydniprovska Upland,
there were probably freshwater basins where Typha
spp. and Sparganium spp. grew. The thermophilic
elements in forests existed in small quantities and
were predominantly represented by Juglans cinerea,
and only single Pterocarya stenoptera and Juglans
nigra grew in the valleys near the Azov Sea and the
Black Sea regions, and Myrica sp. — along liman
shores.

Forests predominated in the vegetation cover
of the Prydniprovska Upland and the Prydniprovska
Lowland, while herbaceous cenoses, the main
component of which were various Asteraceae and
miscellaneous herbs — on the Prydonetska Plain. The
dominant part of the deciduous forests was Quercus
spp. in most regions of Ukraine and T7ilia cordata —
only within the northwestern part of Prydniprovska
Lowland and the central part of the Prydniprovska
Upland.

A certain fall of temperature and climate irrigation
occurred in the Late Kryzhanivka period, which caused
a reduction of broad-leaved and thermophilic species
in the forest groups. Significant areas were occupied

and Tilia cordata as well as birch light forests within
the Prydniprovska Upland and the Prydniprovska
Lowland. Picea was not already met in woods. Within
the southern regions and the Prydonetska Plain the
area occupied by herbaceous cenoses, in whose
composition the role of Chenopodiaceae significantly
increased, expanded even more as compared to the
Middle Kryzhanivka period.

In the Illichivsk period further fall of temperature
(Fig.2) and aridization of climate occurred, which
resulted in the fact that the vegetation was notable for
impoverished composition not only compared with
Kryzhanivka, but also to Berezan. In the structure
of vegetation cover of the whole territory of plain
Ukraine, the role of herbaceous cenoses, which
consisted mainly of the representatives of Poaceae,
Chenopodiaceae and Asteraseae families, increased.
The composition of arboreal groups also grew poorer
due to mainly broad-leaved and thermophilic plants.

Birch-pine light forests and grass-orach-mugwort
cenoses occupied approximately equal proportions in
the vegetation cover of the Prydniprovska Lowland.
In the northwestern part of the Prydniprovska

by pine forests with a small impurity of Quercus spp. Lowland, the areca of forest groups slightly
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Fig. 2. The curve of changes in heat supply during the stages of nature development in Ukraine in the

range of 1.8-0.4 million years.
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expanded, and single 7ilia cordata occurred in their
composition. In the forest groups of the coastal arcas
of the Eastern Azov Sea, the role of Quercus robur
slightly increased in comparison with the central
regions.

In the structure of vegetation cover of the
northwestern part of the Prydniprovska Upland, pine
forests and herbaceous groups, the main component
of which was Asteraceae, occupied approximately
equal areas.

Within the Prydonetska Plain mugwort-orach
cenoses dominated, and valley forests sometimes
included Tilia cordata and Ulmus, and very rarely
single Juglans (Sirenko, Turlo, 1986). Pine forests
with single Quercus robur grew on river terraces.

In the Early Shyrokyne period significant
warming occurred (Figure 2) and climate humidity
slightly increased in comparison not only with the
[lichivsky period but also with the Kryzhanivka
period. The above-mentioned climate changes caused
increase in a number, generic and specific diversity of
thermophilic species and heat-loving pine species of
Haploxylon subgenus in the forests of the Shyrokyne
period, as compared with Illichivsk and Kryzhanivka
vegetation. At the same time, the structure of
Shirokinsky vegetation still included a large part
of herbaceous cenoses, which was typical for the
previous stages of nature development.

In the Early Shyrokyne period coniferous-
deciduous forests with a significant share of Tilia
spp. and thermophilic plants dominated within the
Prydniprovska Lowland, the northern part of the
Prydniprovska Upland and the Podil’ska Upland.
Forests also dominated in vegetation cover of the
central part of the Prydniprovska Upland but their area
declined as compared with the Kryzhanivka period.

In pine-broad-leaved and mixed forests Tilia
cordata, Quercus robur and Q. pubescens were
sub-dominant, and also Tilia platyphyllos, Fagus
sylvatica, Carpinus betulus, Juglans cinerea and
Juglans regia grew. The undergrowth consisted of
Corylus spp. and Thelycrania sp. The grass cover of
forests consisted of ferns and floating plants at humid
sites. It is also possible to assume the existence of lime
groups at isolated sites. Herbaceous cenoses occupied
small areas and mainly consisted of Asteraceae and
Chenopodiaceae, and meadow grasses on relief
depressions. Compared to the Kryzhanivka period, the
role of Potamogetonaceae and Sparganiaceae water
and coastal water plants decreased in the composition
of plant groups.

Within the Prydniprovska Lowland broad-leaved
and coniferous forests also included Ulmus laevis,
and Pterocarya sp. from the thermophilic plants.

Compared to one-year-old forest groups of adjacent
regions, the role of Carpinus betulus increased.

Within the territory near the Azov Sea broad-
leaved groups with a significant participation and
specific diversity of walnut tree: Juglans sieboldiana,
J. cinerea, J. mollis existed in river valleys. Single
Rhus sp. grew at more arid sites. The composition of
dominants among deciduous plants of a moderately
warm zone did not change as compared with the
forests of the central regions.

Despite the fact that a forest-steppe type of
vegetation predominated in the southern regions of
Ukraine and Donets Basin (Sirenko, Turlo, 1986)
in the Early Shyrokyne period, the representation of
forests in the structure of vegetation cover was higher
than in the subsequent Late Shyrokyne period.

Insignificant fall of temperature and climate
aridization that occurred in the Middle Shyrokyne
period led to a reduction in the vegetation cover
of broad-leaved and thermophilic plants and the
expansion of areas occupied by herbaceous groups.
Particularly, herbaceous cenoses including multiple
Asteraceae prevailed in the structure of vegetation
cover of the Prydonetska Plain and the central part
of the Prydniprovska Lowland. Thermophilic species
consisted of oak-pine light forests occurred very
rarely and in small quantities.

A forest type of vegetation was only typical for
the north-western part of the Prydniprovska Lowland.
Within this region vast areas were occupied by mixed
forests. In their composition Betula spp. dominated
deciduous species, and also Carpinus betulus, Tilia
cordata, Ulmus laevis and Juglans regia occurred in
small quantities, which was no longer typical for the
forest groups of the Late Shyrokyne period.

In the Late Shyrokyne period the temperature
regime of climate increased again but in comparison
with the Early Shyrokyne period, the degree of
humidity decreased. In connection with this, forest
groups were characterized by a significant number
of broad-leaved and thermophilic plants but in
comparison with the Early Shyrokyne period, they
differed in smaller taxonomic varieties. In the
structure of vegetation cover in practically all regions
of Ukraine a part of herbaceous groups increased
including miscellaneous herbs in their composition:
Apiaceae, Ranunculaceae, Lamiaceae, Fabaceae,
Plantaginaceae, Polygonaceae, and Rosaceae. In the
central and northeastern regions of Ukraine arboreal
and herbaceous cenoses occupied almost equal areas,
and in the southern regions (Sirenko, Turlo, 1986)
herbaceous groups prevailed.

The Priazovya stage was characterized by
significant aridization and fall of temperature (Figure
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2), which resulted in the impoverishment of both
arboreal and herbaceous groups. In the southeastern
and southern regions of Ukraine (Sirenko, Turlo,
1986), the steppe type of vegetation predominated.
Significant areas were covered with grass-mugwort-
orach cenoses, and grass-miscellanecous herbs within
the Prydonetska Plain. In the vegetation cover of
the Middle and Lower Prydniprovia herbaceous
cenoses also dominated, and a few arboreal groups
existed only along the valleys and river terraces
and mainly consisted of pine, oak, ulmus and hazel
(Sirenko, Turlo, 1986). Within the southwestern part
of the Prydniprovska Upland, a significant part of
vegetation cover belonged to pine and birch-pine light
forests with a small impurity of oak. In the territory
of the Prydniprovia near Kyiv both pine light forests
(Sirenko, Turlo, 1986) and different miscellaneous
herb-mugwort groups (Gerasymenko, 2004) existed
in various durations of the Priazovya period.

The Martonosha period was characterized by the
dampest climate for the investigated geological time,
which was very clearly appeared in the vegetation
cover of the entire territory of Ukraine. In the
central, northeastern and western parts of the region,
a forest type of vegetation dominated. And only
within the southern regions of Ukraine and Donets
Basin, the wooded steppe prevailed. The forests of
the Martonosha period were characterized by the
considerable participation of coniferous species
including thermophilic pine species of Haploxylon
subgenus, a large variety of broad-leaved species in
the moderately warm zone and thermophilic elements.
In contrast to the forest groups of the Shyrokyne
period, the role of small-leaved species of a temperate
zone increased in Martonosha forests, which together
with the growth of the participation of conifers
might indicate a slight fall of temperature during the
Martonosha period.

The Martonosha period is characterized by the
long-winded climatic optimum and, correspondingly,
the weak differentiation of vegetation cover in
the periods of formation of early and late optimal
Martonosha soils. This feature is characteristic
mainly for the vegetation cover of the central and
northwestern parts of the Prydniprovska Lowland
as well as the northern part of the Prydniprovska
Upland, and it is associated with high humidity, under
which Martonosha soils were formed in these regions.
And only in the regions with more arid conditions
of the formation of Martonosha soils (the southern
and central parts of the Prydniprovska Upland,
the Prydonetska Lowland) the differences in the
conditions of the formation of early and late optimum
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soils, as well as the final stage of Martonosha soil
formation more distinctly appeared.

Within the Prydonetska Plain in the Early
Martonosha y period the forest-steppe type of
vegetation predominated. Large areas were occupied
by herbaceous groups with the participation of
Chenopodiaceae and Asteraceac. Hygrophytes and
herbaceous groups as well as sphagnum mosses grew
along river valleys and shore.

The composition of mixed and pine-deciduous
forests was quite variegated: Pinus spp. sect Eupitys
(dominated), P. spp. sect Cembrae, Picea sect.
Eupicea, Carpinus betulus, Quercus robur, Quercus
sp., Tilia cordata, T. platyphyllos, Corylus avellana.
Thermophilic plants were represented by Juglans
cinerea and Juglans sp. Deciduous species of the
temperate zone Alnus glutinosa, A. incana, Betula
sp. sect Albae in forests occupied a smaller area
compared to broad-leaved plants of moderately warm
zone. Ferns Polypodiaceae participated in the grass
cover of forests.

During the first inter-stage fall of temperature, a
forest-steppe type of vegetation also predominated,
but the role of Betula spp. significantly increased in
the composition of arboreal formations, while the role
of ferns decreased in the grass cover of forests.

In the Middle Martonosha period the temperature
again increased but in comparison with the Early
Martonosha period, the humidity slightly reduced.
The role of herbaceous groups consisted mainly of
Chenopodiaceaec and Asteraceae increased in the
composition of vegetation cover. Compared to the
Early Martonosha period, a number of thermophilic
plants increased in the forests but their specific
composition as well as the composition of broad-
leaved species practically did not change. The
undergrowth consisted of Corylus avellana. The role
of deciduous plants of the temperate zone Betula and
Alnus diminished in the composition of forest groups,
while Ulmus spp. quite often occurred.

The second inter-stage fall of temperature was
characterized by compared with the first one greater
lowering of temperature regime and humidity of
climate, which caused impoverishment of both
arboreal and herbaceous groups that already occupied
much larger areas. A few arboreal groups mainly
consisted of Pinus sect Eupitys with a small impurity
of Tilia cordata, Quercus robur, Corylus avellana,
and thermophilic plants were not found there. The
composition of herbaceous cenoses became poorer
due to herbs and hygrophytes.

In the Late Martonosha period a slight increase
in the temperature occurred as compared with the
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period of formation of a loess-type layer. The main
components of a few arboreal groups located on
lowered relief elements were mostly Pinus sect.
Eupitys and Betula with a small participation of
Quercus robur. Within the region of research large
areas were occupied by herbaceous cenoses. In their
composition as compared with the Middle Martonosha
period, the share of miscellaneous herbs reduced.

The conditions of high humidity that existed
during the formation of Martonosha soils in the
Prydniprovska Lowland leveled differences in the
structure of vegetation cover during the periods of soil
formation of'the early and late optimum of Martonosha
pedogenesis. Within the specified region, the forest
type of vegetation dominated during the Martonosha
period. In the central part of the Prydniprovska
Lowland, pine and oak-pine forests occupied mostly
watershed areas, while broad-leaved—coniferous
forests grew on lowered relief elements. In addition
to Pinus spp., Picea spp. sect Eupicea played a
significant role in their composition. Few Carpinus
betulus were found in forests of the Early Martonosha
period but Tilia platyphyllos and Ulmus laevis, which
were typical the Prydonetska Plain, were absent.
In general, except for the indicated differences, a
deciduous component of forests was similar to the
forest groups of the Prydonetska Plain. Thermophilic
plants in forests were represented by Juglans cinerea
and Juglans sp.

Herbaceous groups occupied insignificant areas
and grew predominantly in forest glades; dominants
in their composition were various Asteraceae with a
small impurity of miscellaneous herbs. Mosses and
ferns occurred in the grass cover of forests.

The forests of the northwestern part of the
Prydniprovska Lowland were distinguished by a
more diverse composition of broad-leaved trees of a
moderately warm zone. In particular, in addition to the
taxonomy already mentioned, various forest elements
included Carpinus betulus, Quercus pubescens,
Tilia dasystyla, T. platyphyllos, Ulmus. laevis, U.
camprestris, and Juglans nigra. As opposed to the
forests of the Prydonetska Plain and the central part
of the Prydniprovska Lowland, Tilia cordata was sub-
dominant in the forests but not Quercus. A significant
role in forest groups also belonged to Betula sp. sect.
Albae. The grass cover of the forests consisted of
Lycopodium sp and Polypodiaceae. Few herbaceous
groups grew in forest glades.

A slight fall of temperature occurred during the
formation of loess-type loam that separates the soils of
the early and late optimum Martonosha pedogenesis.
This led to an increase in the number of Betula in

forests and a reduction in the taxonomic diversity of
broad-leaved trees.

During the Late Martonosha period, the area
occupied by herbaceous vegetation increased. In the
forests, the share of broad-leaved trees decreased and
thermophilic plants disappeared, while a number of
plants increased in the temperate zone.

There were no sharp changes in the composition
of vegetation in the central part of the Prydniprovska
Upland during the Early and Middle Martonosha
periods. The main differences consisted in the fact that
the most generic and specific diversity of broad-leaved
species of temperate-warm zone and thermophilic
elements were typical for the middle Martonosha
forests: Carpinus betulus, C. orientalis, Tilia cordata.
(dominated), Tilia platyphyllos, Tilia dasystyla, Tilia
sp., Quercus robur L., Q. pubescens, Fagus sylvatica.
The elevated elements of relief were occupied by
pine-oak and mixed forests with Pinus sp. sect
Eupitys, P. sp. sect. Cembrae and P. sp. sect. Strobus,
Betula pendula, and Betula sp. Pine-deciduous forests
including Ulmus camprestris, Juglans cinerea, J.
regia, Juglans sp. grew near ponds and in the lowered
elements of relief. The undergrowth consisted
of Corylus sp., Thelycrania sp., Caprifoliaceae,
Grossulariaceae, Vitis sp., Moraceae. Lime groups
probably existed. Betula pubescens, Alnus glutinosa,
and A. incana grew along the banks of ponds and in
wetlands. The grass cover of forests consisted of ferns
and mosses. The specific composition of pines did not
change in comparison with Martonosha forests in
adjacent regions. As opposed to the forest groups of
the Prydniprovska Lowland, Picea spp. sect Eupicea
did not grow in the forests of the central part of the
Prydniprovska Upland. Herbaceous groups occupied
insignificant areas, and dominants in their composition
(the representatives of Asteraceae family) did not
change as compared to the Prydniprovska Lowland,
whereas the proportion and diversity of mesophilous
herbs and Poaceae increased.

In the Late Martonosha period the share of forests
decreased in vegetation cover and the composition of
forests changed. Pine—broad-leaved forests and lime
groups interchanged with oak-pine forests including
Fagus and oak forests, the edificator of which was
Quercus robur. Mixed forests with various Betula
spp. and a small impurity of Carpinus betulus, Tilia
cordata; Tilia dasystyla, and Quercus pubescens grew
only on lowered relief elements. Thermophilic plants
did not grow in forests.

As a result of the growing fall of temperature,
on the second half of the Late Martonosha period
the forests became poorer due to Carpinus betulus
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and Tilia dasystyla, and predominantly consisted of
Betula spp. and Pinus spp. with a small impurity of
Quercus robur and Tilia cordata.

During the Martonosha period within the
northern part of the Prydniprovska Upland almost all
the area was occupied by pine, birch-pine and mixed
forests. In contrast to one-age forest groups of the
central part of the Prydniprovska Upland, a part of
Betula increased in their composition, a number of
thermophilic elements decreased, and the taxonomic
diversity of broad-leaved species of moderately warm
zone decreased. Among deciduous forests, Tilia
cordata was subdominant, and a small part of the
forests included Tilia platyphyllos, Carpinus betulus,
Fagus sp., Quercus robur, Quercus sp., Ulmus sp.,
Corylus sp. A quite significant part in the composition
of vegetation cover belonged to Sphagnum sp. and
Polypodiaceae. Small herbaceous groups were
presented by the plants of Chenopodiaceae, Poaceae,
Asteraceae families and miscellaneous herbs as well
as Artemisia spp. genus.

Martonosha forests of the Podil’ska Upland were
similar in composition to the forest groups of adjacent
regions. The most distinctive features were the most
specific variety of pines Pinus sp. sect Eupitys, P. sp.
subg Diploxylon (dominated), P. sp. sect Banksia, a
significant part of the heat-loving species of Pinus sp.
sect Cembrae, P. sp. sect Strobus, which was probably
due to the influence of the Carpathian Mountains, as
well as the most specific variety of thermophilic species
of Juglandaceae family: Pterocarya stenoptera,
Juglans cinerea; J. regia, J. nigra, Juglans sp.

In the Early Martonosha period mixed and
pine-broad-leaved forests occupied large areas. A
characteristic feature of the forests was the wide
representation of deciduous plants of the temperate-
warm zone in their composition, notably Quercus
spp., Carpinus betulus, C. orientalis, Ulmus laevis,
Rhamnus sp., Corylus sp. Representatives of the
Tiliaceae family such as Tilia dasystyla, T. cordata.,
Tilia sp. were dominant in a deciduous component
of the forests. Probably, separate lime groups could
also exist within the region of the research. The
forests also included Pinus spp., Betula spp., Alnus
spp., Salix spp. The composition of vegetation cover
consisted of Polypodiaceae, Sphagnum sp., Bryales
sp. Herbaceous cenoses occupied small areas and
consisted of miscellaneous herbs, Poaceae, Asteraceae
and Cyperaceae.

In the Midddle Martonosha period, forest groups
also dominated in the structure of vegetation cover
of the investigated region but their area reduced
in comparison with the Early Martonosha period.
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Probably, under the influence of climate humidity
decrease, hydrophilous plants such as Salix spp.,
Pterocarya stenoptera, Juglans nigra disappeared
from the forests; dominants of the deciduous
component of the forests also changed, notably, the
leading positions already belonged to Quercus spp. By
the number of broad-leaved and thermophilic species
these forests predominated over the Early Martonosha
forests. The herbaceous cover of the forests also
included few Polypodiaceae and Lycopodium sp. On
the contrary, in the structure of vegetation cover the
areas occupied by herbaceous groups expanded, and
a part of plants of Chenopodiaceae and Asteraceae
families increased in their composition.

In the Sula period aridization and fall of
temperature intensified but according to palynological
(Sirenko 2017b) and malacofaunistic (Kunitsa, 2007)
data, climatic conditions of the Sula period were
less severe than in the subsequent stages of the fall
of temperature. The composition of forest groups
became poorer due to heat-loving pine species,
broad-leaved species of moderately warm zone and
thermophilic elements. Asteraceae were dominant
in herbaceous cenoses, and Chenopodiaceae had a
subordinate value.

A steppe type of vegetation existed within the
Prydonetska Plain. Among the herbaceous groups,
Chenopodiaceac and Asteraceac were dominant.
Meadow-steppe cenoses and a few forest groups
consisted of Pinus sect. Eupitys., Alnus sp., Betula
spp., Ulmus sp. spread on the wettest areas.

The central part of the Prydniprovska Plain is
characterized by a forest-steppe type of vegetation.
Watersheds were covered with pine forests
including Quercus robur, and Tilia cordata within
the northwestern part of the region. Significant
participation in the structure of vegetation cover
belonged to herbaceous cenoses consisting of
Poaceae, Asteraceae, Chenopodiaceae. Birch-pine and
coniferous forests as well as meadow—miscellaneous
herb groups grew on lowered relief elements. Within
the northwestern part of the Prydniprovska Lowland
refugiums with single Juglans sp. existed.

The distinctive features of vegetation cover of
the central part of the Prydniprovska Upland might
consist in participation in arboreal formations 7ilia
cordata, Alnaster, cf. manshuricus, miscellaneous
herbs, aquatic and coastal aquatic plants. Within the
specified region there were certain distinctions in the
structure of vegetation cover in the Early and Late
Sula periods.

In the structure of vegetation cover of the Early
Sula period arboreal groups were dominants including,
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in addition to usual pine, isolated thermophilic
pine species. The deciduous component of forests
was mainly represented by Betula verrucosa with a
small impurity of Quercus robur and Tilia cordata.
Miscellaneous herb groups and Alnus spp. as well as
helophyte cenoses including Sparganium spp., Typha
spp., and Sphagnum spp. distributed in humid places
on lowered relief elements.

In the Late Sula period the proportion of
herbaceous cenoses, the main component of which
was Chenopodiaceae with miscellaneous herbs,
increased in the structure of vegetation cover. As
opposed to the Early Sula period, a number of hydro-
and hygrophytes significantly decreased while a part
of the representatives of Betulaceae family increased
in forest groups, and Alnaster and Corylus appeared.
Tilia cordata singly occurred in forests, and Juglans
in river valleys.

Forest type of vegetation predominated in the
territory of the northern part of the Prydniprovska
Upland. Pine and birch-pine forests no longer included
heat-loving pine species. Besides Pinus spp. and
Betula spp. the forests occasionally included A/nus
sp. and Tilia cordata, and Juglans sp. sometimes
occurred in refugiums.

In the Sula period pine and mixed forests
dominated in the central part of the Podil’ska Upland,
and included, as compared to forest groups in other
regions of Ukraine, the largest part of broad-leaved
species. On lowered relief elements deciduous groups
including various Betulaceae, Quercus robur and
Tilia cordata as well as individual Tilia platyphyllos
grew. Single Juglans survived in isolated refugiums.
Compared to the Martonosha peiod, the representation
of gramineous-herb and mugwort groups expanded in
the structure of vegetation cover.

Thus, the palynological data indicate that in the
Sula period within the platform Ukraine there was a
clearly defined plant zoning. Within the Prydonetska
Plain and the southern regions of Ukraine, the steppe
type of vegetation predominated. The southern and
northern boundaries of the forest-steppe zone were
within the limits of the modern forest-steppe zone,
while the western part was shorter. In the northern part
of the Prydniprovska Upland and probably the central
part of the Podil’ska Upland a forest zone existed.

In the western, northwestern and partly central
regions of Ukraine there were refugiums near ponds
where broad-leaved and thermophilic species grew.
Higher humidity could level to some extent global
climate fluctuations and influence the composition of
vegetation cover.

In Lubny period, warmth and humidity increased

again but, compared to the Martonosha period, the
intensity of increase was lower. In contrast to the
Martonosha period, the role of conifers reduced
in the composition of vegetation, the participation
of deciduous species increased in temperate and
temperate warm zones (mainly due to Quercus
robur and Tilia cordata), a number of thermophilic
elements significantly decreased, and the role of
herbaceous groups including miscellancous herbs in
their composition expanded.

Temperature and humidity fluctuations occurred
within the territory of platform Ukraine during the
Lubny period, which affected the nature of vegetation
cover in the Early, Middle and Late Lubny periods.

In the Early Lubny period herbaceous groups
with the participation of Chenopodiaceae, Asteraceae,
Rosaceae, miscellaneous herbs, aquatic and coastal
aquatic plants predominated within the Prydonetska
Plain. Arboreal groups had a subordinate value but
as against before Sula period, they occupied larger
areas. Depending on the relief, birch-pine light
forests with a small amount of Picea sect. Eupicea
and oak-lime-hardbeam groups including Carpinus
betulus, Fraxinus sp., Quercus robur, Quercus sp.,
Tilia cordata, T. platyphyllos, and Corylus avellana
occurred. Single Juglans sp. grew in valley forests,
and Typha angustifolia and Alnus glutinosa — along
the banks of ponds.

Inter-stage fall of temperature that occurred
during the formation of a thin loess-type layer caused
impoverishment of forest groups due to disappearance
of thermophilic and hydrophilic plants (Juglans, Tilia,
Carpinus). This period was also characterized by an
increase in irrigation that resulted in the expansion
of areas occupied by herbaceous cenoses, in the
composition of which a share of miscellaneous herbs
reduced, while Artemisia spp. played a significant
role.

In the Middle Lubny period a degree of humidity
decreased. As a result, the role of Quercus increased
in the composition of few arboreal groups. Certain
changes occurred in the structure of forest groups as
compared with the Early Lubny period. In oak-pine
and pine-deciduous forests with Corylus. avellana and
Elaeagnus sp. hygrophilous plants such as Carpinus
betulus, Fraxinus sp., Picea sect. Eupicea no longer
occurred in undergrowth. Herbaceous cenoses,
dominants in which were Chenopodiaceae family,
prevailed in the composition of vegetation cover.

The second inter-stage fall of temperature
was more intensive compared to the first one. The
edificators of small forest groups were Pinus sylvestris
and Betula pendula. Thermophilic and broad-leaved
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species no longer entered into the composition of
forests. Herbaceous cenoses, which occupied a
significant part of the region of the research, also
became poorer mainly due to miscellaneous herbs and
hygrophilic plants.

In the Late Lubny period there was a slight
increase in the humidity of climate, which led to a
wider participation of birch-pine forests with a small
impurity of Quercus robur as a part of vegetation
cover and an increase in the role of miscellaneous
herbs in the composition of herbaceous cenoses.

Climatic fluctuations retraced during the Lubny
period also influenced the structure of vegetation
cover of the Prydniprovska Lowland. In the Early
Lubny period large areas were covered with mixed
forests including Pinus spp. sect. Eupitys, Betula
pendula, Picea spp. sect. Eupicea, Quercus robur,
Corylus avellana within the central part of the region.
Thermophilic species did not enter into the composition
of forests. Herbaceous groups occupied small arecas
and mainly consisted of Asteraceae, Chenopodiaceae
and miscellaneous herbs. Polypodiaceae were present
in the grass cover of forests.

Under the influence of inter-stage fall of
temperature, the proportion of herbaceous cenoses
including Poaceae, Polygonaceae, and Cyperaceae
increased in the structure of vegetation cover.
Compared to the Early Lubny period, the composition
of few arboreal groups did almost not change.

In the Middle Lubny period, a forest-steppe type
of vegetation predominated. In comparison with the
Early Lubny period, the areas of forests decreased,
and a number of Pinus and Picea diminished.

In the Late Lubny period the area of birch-pine
forests increased in the composition of vegetation
cover but the deciduous species of the temperate-
warm zone (Quercus and Corylus) were already
absent. Herbaceous groups occupied small areas and
consisted predominantly of Poaceae, Asteraceae and
miscellaneous herbs. Similar patterns of vegetation
changes during the Lubny period were also retraced
within the northwestern part of the Prydniprovska
Lowland. The differences consisted in the presence of
Carpinus betulus and Juglans regia in the composition
of forests in the Early Lubny period, pronounced
representation of deciduous plants of the temperate-
warm zone in the forests of the Middle Lubny period,
especially Tilia cordata, as well as the appearance of
Ulmus camprestris and Ulmus laevis.

In the Early Lubny period a forest-steppe type of
vegetation predominated within the Prydniprovska
Upland. Birch-pine and mixed forests occupied larger
areas compared to herbaceous groups. Besides the
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representatives of Pinaceae and Betulaceae families,
numerous broad-leaved species such as Quercus robur,
0. pubescens, Tilia cordata,and T. platyphyllos grew in
forests. Sometimes Carpinus betulus, Fagus sylvatica,
and Juglans cinerea occurred in the composition of
forest groups. The undergrowth consisted of Corylus
avellana and Rhamnus sp. Meadow-steppe groups
mainly consisted of miscellaneous herbs. Cyperaceae,
Typha sp., and Sparganium sp. grew in ponds and
along their banks.

Climate aridization, which occurred in the
Middle Lubny period, led to the reduction in the
area occupied by forests. Instead, a large part of
the investigated territory was occupied by steppe
cenoses mainly consisting of Asteraceae, Poaceae and
Chenopodiaceae. Miscellaneous herbs only extended
at wet sites. As compared with the Early Lubny period,
a number of Quercus robur increased in forests but
Juglans cinerea no longer occurred.

In the Late Lubny period within the region of the
research there was a significant number of freshwater
reservoirs with Potamogetonaceae, near which
numerous Cyperaceae, Typha sp., and Sparganium
sp. grew. The herbaceous groups of flat interfluves
consisted of the representatives of Poaceae and
Chenopodiaceae families. In the composition of
mixed forests the main role belonged to Pinus spp.
and Betula spp. Single Juglans regia only grew in
valley forests.

In the Early Lubny period, a forest type of
vegetation prevailed within the northern part of the
Prydniprovska Upland. In the mixed and birch-pine
forests, broad-leaved species were represented by
Tilia cordata and Quercus robur, and the undergrowth
consisted of Corylus sp. and Elaeagnus sp. On
lowered relief elements arboreal groups consisted of
individual Juglans cinerea and J. nigra. The grass
cover of forests included Polypodiaceae and Bryales.
A few grassy groups consisted of Chenopodiaceae,
Artemisia spp., miscellaneous herbs and coastal
aquatic plants.

In the middle Lubny period, the role of Alnus
spp. and Betula spp. decreased in the composition of
forests, whereas a number of 7ilia cordata increased,
and Juglans nigra was absent. In the composition of
herbaceous groups, a number of miscellaneous herbs
and coastal aquatic plants appreciably decreased due
to the increased part of Asteraceae and Artemisia sp.

A forest type of vegetation was also typical for the
territory of the Podil’ska Upland in the Early Lubny
period. In the composition of forests, besides various
Pinus species (with the participation of heat-loving
Haploxylon species), Picea sp. sect Eupicea, Tilia
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cordata, T. platyphyllos, Tilia sp., Quercus robur, Q.
pubescens, Quercus sp., and Carpinus betulus were
presented. Juglans regia and J. cinerea thermophilic
species also entered into the composition of forests,
but in smaller quantities in comparison with the
Martonosha period as well as Tilia dasystyla. A few
herbaceous groups mainly consisted of miscellaneous
herbs with a small part of Poaceae and Asteraceae.

In the Middle Lubny period the areas occupied by
herbaceous groups with various Asteraceae increased.
Tilia spp dominates in the deciduous component of
coniferous—broad-leaved and mixed forests, whereas
a number of plants of the temperate zone decreased.
The forests included a small amount of Picea sp. sect.
Omorica, Carpinus orientalis, Fagus sp., Rhamnus
sp., Corylus sp. The thermophilic species were
presented by Juglans regia and J. cinerea.

In the Late Lubny period the areas occupied by
mixed forests increased. Incomparison with the Middle
Lubny period, a number of Pinus sp. subg Diploxylon
increased in their composition but Tiliaceae family
representatives decreased. Herbaceous groups grew
mainly in forest glades.

Thus, in spite of the regional distinctions of the
composition of Lubny vegetation, general tendencies
of its changes associated with climatic fluctuations
was clearly observed during the Lubny period. The
most significant part of arboreal groups including
coniferous (including dark coniferous) species as
well as hygrophilous plants (Carpinus betulus) and
an insignificant number of thermophilic elements was
typical for the composition of Eearly Lubny vegetation
in most regions of the platform Ukraine. In the Middle
Lubny period the area occupied by herbaceous
cenoses expanded in the structure of vegetation of
all regions of Ukraine. The dominant components
of deciduous forest were Quercus spp. and Tilia spp.
In the Late Lubny period, the areas occupied by the
forests expanded again in the structure of vegetation
cover, but a significant part of them belonged to Pinus
sp. subg. Diploxylon and Betula spp.

The Tiligul period was characterized by
considerable aridization and a decrease in the
temperature regime of climate (Figure 2), which
resulted in impoverishment of both arboreal and
herbaceous groups.

Within the Prydonetska Plain a steppe type of
vegetation predominated. Significant areas were
occupied by mugwort-orach coenoses with a small
part of miscellaneous herbs and Poaceae. Few birch-
pine forests including single Quercus robur and
Corylus sp. occupied lowered relief elements.

A forest-steppe type of vegetation was inherent

in the Prydniprovska Lowland. The composition
of arboreal groups was close to the forests of the
Prydonetska Plain. Herbaceous cenoses were mainly
represented by plants of Asteraceae family, whereas
Chenopodiaceae have a subordinate value.

In the Tiligul period, as compared with the Lubny
period, in the central part of the Prydniprovska Upland
the area occupied by forests decreased, and broad-
leaved and thermophilic species almost completely
disappeared from their composition.

In the Early Tiligul period gramineous-herb,
mugwort and orach cenoses dominated. Pine and
birch-pine forests had a subordinate value, but in
comparison with the Late Tiligul period they occupied
larger areas. Within the region of the research there
were a large number of freshwater reservoirs, around
which Typha sp., Potamogeton sp., Sparganium sp.,
Betula humilis, and Alnus sp. grew.

During inter-stage warming the area of forests
increased, and a few Tilia cordata, Quercus robur, and
Corylus avellana appeared in their composition again.
A part of meadow grasses increased in herbaceous
cenoses.

In the Late Tiligul period aridization significantly

increased, which led to domination of herbaceous
cenoses consisting of Chenopodiaceae and Asteraceae
in the composition of vegetation cover. Compared to
the Early Tiligul period, a part of helophyte cenoses
decreased. Few arboreal groups with Pinus sylvestris
and Betula pendula sometimes included single
Quercus robur.
Conclusions The analysis of the results of the
palynological studies showed that regardless of the
established regional differences, the general features
of vegetation development due to changes in climatic
conditions associated with global climate changes
were retraced in the territory of plain Ukraine in the
range of 1.8-0.43 million years.

The climatic conditions of each stage of nature
development of the Pleistocene of Ukraine differed
by the temperature regime and the degree of aridiza-
tion or climate humidization, which affected the com-
position of vegetation cover. Temperature and humid-
ity fluctuations occurred during each stage, which
indicates the existence of not only macro- but also
micro-rhythmicity in the development of Pleistocene
vegetation in Ukraine.

During the formation of sediments that corre-
spond to Calabrian according to ISS, the warmest cli-
matic conditions were typical for the Early and Late
Shyrokyne periods, and the dampest climatic condi-
tions were in the Middle Kryzhanivka and Early Shy-
rokyne periods.
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Among more recent Pleistocene stages of nature
development in Ukraine (in the range of 0.8-0.43
million years), the warmest and dampest conditions
existed in the Early and Middle Martonosha periods,
while the coldest ones were in the Tiligul period
(Figure 2).

Climatic conditions of the Sula period were less
severe than in the subsequent stages of fall of tem-
perature. The existence of refugiums (mainly near
ponds) with thermophilic and broad-leaved species
was established within the western, northwestern and
partly central regions of Ukraine in the Sula period. It
was determined that the vegetative cover of the cold
stages of the Early Neopleistocene (especially the
Sula period) was characterized by the differentiation
of vegetation cover in different regions of Ukraine.
In the Sula period steppes dominated within the Near
Black Sea Lowland (Sirenko, Turlo, 1986) and the
Prydonetska Plain, forest-steppes in the Prydniprovs-
ka Lowland and the Prydniprovska Upland, and for-
ests in the northern part of the Prydniprovska Upland
and the Podil’ska Upland.
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formations on the territory of Ukraine. Due to the continuity of scientific research, an
extremely developed theoretical and methodological basis of both research and mapping of Quaternary formations has been formed
in the country. This is also due to the extraordinary diversity of the geological structure of the Quaternary cover, due to the presence
of two mountain systems, lowland areas (including within them several deflections and two crystalline foundations), as well as due to
the presence of two seas (including the continental shelf, slope and deep-water zone). A very wide spectrum of facies and formations
is also listed (including a thick loess-soil cover, facies of two glaciers of different ages, alluvia, estuary, marine shelf, deep-water and
etc.). Attention is focused on two important problems of mapping Quaternary cover. The first is related to new views on the origin of
the subaerial cover. The significance of the new (geo-eolian) factor is disclosed, which determined both the thickness and lithological
properties of the strata of each paleogeographic stage (of climatoliths) of each separate section, and the stratigraphic structure of the
loess-soil cover. Spatial patterns of the structure of the subaerial cover are briefly described, in particular, the mosaic division into areas
with a homogeneous stratigraphic structure (type-sections), due to the corresponding geo-eolian mode (sequence). The second problem
concerns the ways of visualization of the geological structure of Quaternary sediments on the map. Two principles of reflection of the
Quaternary cover are considered, and the disadvantages and advantages of each of them are indicated. Promising ways to map the
Quaternary subaerial cover on the basis of ideas about its mosaic structure are proposed. A solution to the problem of various principles
of visualization of the Quaternary cover is recommended involving compilation of «multi-visual» maps based on their interactive re-
issuing (re-design) with modern geographic information systems in accordance with various principles of visualization of the structure
of the Quaternary. It has been proposed to use the above scientific approaches in the mapping of the Quaternary deposits of Europe and
the World, and also to take into account the geo-eolian factor in the studies of the subaerial cover.

Key words: mapping, map of Quaternary formations of Ukraine, subaerial sedimentogenesis.
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BY JIECOBO-TPYHTOBOTO TIOKPHBY 3arajioM. KopoTko ommcaHi mpoCTOPOBi 3aKOHOMIPHOCTI OyIOBH CyOaepaibHOTO MOKPUBY, 30KpeMa
Mo3aiyHui HOTO MOALNT Ha IUISHKU 3 OXHOPIIHOIO cTpaTUrpadiuHO0 OyZOBOIO (THIIO-PO3Pi3H), IO 3yMOBICHO BiINOBIIHUM I'€0-€0-
JIOBUM PEXHMOM. JIpyra mpodiieMa CTOCYeThCs LUIAXIB Bisyauli3alii reosioriyHoi Oyl0BM YETBEPTHHHUX BiJKJIaziB Ha KapTi. Posr-
JISTHYTO J[Ba IIPUHIIUITY BiJI0OpayKeHHsI Y4ETBEPTUHHOTO IIOKPHBY, @ TAKOXK BKA3aH1 HEJJOJIIKY # IepeBaru KO>KHOTO 3 HUX. 3alpoIIoHOBaHi
MIePCTICKTUBHI IIUISIXN KapTyBaHHs YeTBEPTHHHOTO Cy0aepabHOTO ITOKPHBY HAa OCHOBI YSIBICHB IIPO MO3aidHy #foro OymnoBy. Pexomen-
JIOBAHO BUPIMICHHS TPOOIEeMH PI3HUX NPUHIUIIB Bidyai3allii Y4eTBEPTHHHOTO MOKPHBY IIUIIXOM CKIIAJIaHHS «IIOJiBi3yaTbHUX» KapT
Ha OCHOBI IHTEPAKTUBHOIO iX Mepeo(OPMIICHHS Cy4acCHUMH 3ac00aMH re0iHPOpMaiiHIX CHCTEM BiINOBIAHO 10 Pi3HUX NPUHLIHUIIIB
Bigyali3amii OyZ0BH YETBEPTHHHOTO ITOKPHUBY. 3alIPOIIOHOBAHO BUKOPUCTOBYBATH HaBeeHI HAYKOBI MiIXOAM NPH CKIaJaHHI KapT 4eT-
BEPTUHHUX BiJKIIaaiB €Bpornu Ta CBiTy, a TAKOX BPaXOBYBATH IIPH JIOCII/DKEHHSIX CyOaepalbHUX MOKPHUBIB Ie0-e0I0BUil YHHHUK.

Kniouoei crnosa: kapmysannsa, kapma yemeepmunnux 6i0xnadie Yxpainu, cybaepanvhuil ceOumeHmozenes.
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Introduction. In Ukraine, the mapping of Quaternary
formations on a 1:2,500,000 scale of a new generation
is being completed (Fig. 1), the results of which will
become part of a set of GIS maps of geological content
(http://ukrdgri.gov.ua/uk/geo-map). A similar map on
the same scale was published in the National Atlas
of Ukraine (National Atlas of Ukraine, 2007), but the
new map differs significantly in several parameters at
once. In particular, it more fully takes into account
the geological mapping data for the last 10-15 years,
more fully reflects the structure of the bottom of water
bodies, and it is based on other principles of research
and mapping of subaerial facies, including of loess-
soil cover (in the south of Ukraine) and sandy cover
in Polissia (in its north).

Already at the beginning of compiling this map,
several problems were discovered, each of which
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affects the content and images of the maps. Within
the framework of this article, we will dwell only on
two of them, which are important for the content and
form of the display of the geological structure on
the Quaternary formations map. The first problem
concerns the methodology and techniques for the
study of Quaternary deposits and is the choice of
certain principles of the stratigraphic and facies or
genetic classification of parts of the Quaternary cover.

The second problem concerns the principles of
reflecting the geological structure of the Quaternary
cover, two of which are mainly used at present:
1) «classical-geological»  (mapping  the  first

Pleistocene layer from the earth’s surface), and
2) «glyptogenetic» (mapping the main geological
order of the formation of the Quaternary cover in its
manifestations in relief).

e
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Gauss Kruger Projection.
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Yu. M. Veklych 30.10.2018
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Fig. 1. The map of Quaternary formations of Ukraine, scale 1:2,500,000
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First, it makes sense to dwell on the prerequisites
that served as the basis for problems in the preparation
of this map, as well as ways to solve them. Geological
mapping of Quaternary formations in Ukraine
has at least several features that are important for
understanding the issues under consideration. 1.
This territory is characterized by a long history of
research and colossal amounts of accumulated factual
and cartographic material. 2. The territory is diverse
both in the spectrum of continental, marine and sub-
marine facies. 3. About 2/3 of the territory of Ukraine
is covered with a thick loess-soil cover. 4. Various
aspects of the Quaternary cover and the history of its
development have been studied by many prominent
researchers. Thanks to the continuity of research,
the modern Ukrainian scientific school has acquired
an extremely high theoretical and methodological-
technical level and depth of substantiation of the
basic theoretical positions of periodization and
paleogeographic development of different sides and
components of the Quaternary.

The history of geological studies of Quaternary
sediments in Ukraine extends back for more than a
century, and the first Quaternary maps for the entire
territory of Ukraine sediments at a scale 1:1,000,000
were compiled in the 1950s-1960s - «The geological
map of the Quaternary sediments of the Ukrainian
SSR on scale 1:1,000,000», 1954, 1961, 1962 (Sossa,
2002). The increase in the amount of factual material,
which due to continuous large and medium scale
geological research and mapping, as well as the
emergence of new theoretical solutions for detailed
dismemberment and age identification of Quaternary
formations (loess-soil sequence, alluvial terraces,
etc.) prompted the compilation of new versions of
Quaternary maps. Such maps were compiled in 1977
(V. Cherednichenko et al., 1978) and in 2000 (B.
Vozgrin et al., 2000). The author also took part in the
preparation of the latest version.

It should also be added that maps on this scale were
compiled based on the results of the state geological
mapping on the scale of 1:200,000, which began on
the territory of Ukraine in the late 1960s. And after
2000, the program of mapping the new generation of
the State Geological Map-200 was launched. This is
a set of 3-6 geological maps for several age sections,
including with a Quaternary sediment map. Now,
new generation maps of Quarternary formations are
in the process of completion or have already been
completed for more than 4/5 of territories (Fig. 2).
Nine regional geological enterprises are engaged
in mapping of each of them, the maps taking up
more than 190 sheets, using large volumes of field

research, drilling, and analytical data. More than six
academic and industrial institutes are also involved
in theoretical support of these works. In addition
to geological mapping, other types of map were
compiled within Ukraine (in particular, engineering-
geological and hydrogeological mapping), within
which the Quaternary cover was also studied in detail.
Due to these circumstances, the territory of Ukraine
has in the geological sense become one of the most
studied regions of the World.

A variety of geological structure. The territory
of Ukraine is extremely attractive to researchers of
various scientific fields: geologists, geomorphologists,
stratigraphers, paleopedologists, paleontologists,
geotectonists, paleogeographers, etc. This is due to
the extraordinary diversity of the geological structure
and the presence of a wide range of genetic types
and facies of Quaternary deposits. This peculiarity
is also extremely favourable for solving theoretical
problems: interfacial and stratigraphic correlations,
paleoclimatic and geotectonic periodization, the
establishment of spatial and temporal patterns of
paleogeographic, biostratigraphic  archaeological
and other components, as well as the history of the
formation of the geological structure of the Quaternary
in general.

Within the lowland part, two mountain systems
(the Carpathians and the Crimean mountains), and
two seas (Black Sea and Azov), the following features
are present: 1) loess-soil formation, which covers 2/3
of the territory of the country (which by stratigraphic
completeness is similar to Chinese loess formations);
2) subaerial eolian deflationary and accumulative
formations (dunes, sandy shafts, hills, ridge relief
etc.) in Polissia, in the Oleshkovsky sands, in the
valleys of individual rivers, and the like; 3) alluvial
terraces, among which some are unique in area (up
to 260 km in the Dnieper Valley), in morphology ex-
pressed in relief (east-sloping terraces of the Dnies-
ter), in location (on the shelf of the Black and Azov
Seas), in the reorganizations of river networks (nu-
merous «hangingy», «deady, etc. valleys, interception
of rivers by one another, etc.); 4) glacial formations
of two different glacial ages - of Middle Quaternary
and Early Quaternary (various types of moraines and
morenoids, erratic block, glaciodislocation, valleys
of plucking and erosion, kames, eskers, etc.); 5) mud
volcanoes and their deposits are distributed both on
the land territory (Kerch peninsula, Carpathians), and
in the aquatoria (Black and Azov Seas); 6) marine and
coastal (estuary) facies and terraces are common both
on the coast and within the aquatoria of the above
seas, there are also facies of the continental slope and
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Fig. 2. Cartogram of the geological mapping of Ukraine by program State Geological Map-200 of new generation (2000-2018)

of the deep water part of the Black Sea; 7) the facies
of lakes and marshes; 8) the facies of closed depres-
sions (areas of salinization and subsidence loess); 9)
cave facies associated with gypsum and carbonate
karst; 10) chemogenic travertines; 11) various facies
of mountain regions (the Crimean mountains and the
Carpathians); 12) volcanic facies in the form of small
interbeds of volcanic ash (volcanic activity on the ter-
ritory of the Ukrainian Transcarpathia was completed
approximately 7 million years ago); 13) places of nat-
ural seepage of liquid hydrocarbons onto the surface
(the Carpathians, Kerch Peninsula); 14) and, finally,
bedrock on the surface - the regions where the Qua-
ternary cover is completely absent.

To this should be added a large saturation of
sediments with paleontological remnants (especially
of subaqual facies), as well as the uniquely detailed
record of changes in the paleo-ecological settings
of the Mediterranean-Black Sea-Azov-Caspian of
sea system. All this over the past decades has turned
the territory of Ukraine into a kind of Mecca for
researchers of various aspects of the Quaternary.

Theoretical and methodological basis of
research and of mapping of Quaternary sediments
in Ukraine. Within the framework of this article, it
makes sense to dwell only on the current Ukrainian
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scientific direction of Quaternary research, but it is
worth noting the hundreds of prominent scientists
whose research results form the foundation of the
modern theoretical foundation.

The Ukrainian scientific direction of research on
the Quaternary was founded by M. F. Veklych (since
1968) and supplemented by like-minded colleagues
and followers. It is represented by an extensive
system of theoretical, methodological, and technical
principles and positions. This system (paleogeographic
approach) includes several components in particular:
the «Documentary approach», the «principle of
Stages», «Neotectogenesis», «Geoeolian morpho-
lithogenesis» and the «Scheme of periodization and
detailed stratigraphy of late Cenozoic Ukrainey.
(Veklych, 2018). The latter is based on paleoclimatic
principles and covers the age range from the present
to 7 MA. The Paleogeographic approach has a lot of
differences from the generally accepted principles
and approaches of both periodization and the study of
the Quaternary, and therefore it may be of interest to
researchers both as an alternative point of view on the
initial principles and as providing additional methods
for research into the Quaternary. The theoretical
foundations of the Ukrainian scientific field are
described in detail in a series of monographs and
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articles (M. Veklych, 1982 and etc.; Zh. Matviinyna,
2013-2018; N. Gerasymenko, 2013-2018, Yu.
Veklych, 2011\a, 2011\b, 2018 and etc.).

Only certain provisions of the paleogeographic

approach concerning the problems of mapping
Quaternary formations are considered below. In
particular, the question of the genesis (the origin) of
loess-soil covers and of sandy facies of the palaeco-
deserts turned out to be important.
Quaternary cover mapping problems. There are
two problems that significantly affect the result of
the mapping of Quaternary formations, including
the contours and the colouring of map objects.
Both concern mainly the subaerial cover of both
loamy (loess-soil) and coarse-grained (sandy, stony)
composition.

Geo-eolian  morpho-lithogenesis. The first
problem is connected with a new point of view on the
origin of the loess, as well as of loess-soil cover and of
cover without loam. It significantly changes the view
on the formation of the Quaternary cover, including
the formation and structure of Quaternary covers, the
origin of the subaerial facies of different lithological
composition, as well as the spatial differentiation of
the Quaternary cover by genetic, lithological and
stratigraphic composition and the like. A detailed
description and justification of this phenomenon are
given in a separate monograph (Yu. Veklych, 2018),
therefore, only its basic provisions are given here.

According to the results of years of research

and multi-scale mapping of Quaternary formations
of the territory of Ukraine, the author identified
several phenomena that could not be explained within
the framework of generally accepted ideas about
geological (paleogeographic) processes and factors
(including ideas about loess origin).

Using the example of one of the loess islands,
it was established that the presence or absence of
loamy (loess-soil) cover in certain areas cannot be
explained by the prevailing wind flows, nor by any
of the known geological factors. By all indications,
the presence of such cover is determined by the
properties of the earth’s surface in these areas to
attract (from the air) atmospheric dust. Similarly, the
absence of loam cover at the regional level is due to
the push away of small (dusty and clay) particles from
such sites. In Fig. 3, using the example of the Ovruch
loess island, the principle of the redistribution of tiny
grain particles in the accumulation of loess strata
(afflationary conditions) and deflationary landscapes
(deflation) is shown.

Further studies have established that the earth’s
surface is divided into a continuous mosaic of areas
that during the Quaternary had different geoeolian
regimes (modes, sequences). The differences in the
geoeolian regime of each such region were determined
by the individual sequence of stages of accumulation
of atmospheric dust or deflation processes. In the case
of predominance of accumulation of atmospheric
dust, loess-soil covers were formed, whereas in areas

by T T T T LTI g

v« Vectors of motion of dust particles

[] Young (bg,4 OIS) loess
[ Moraine (dn, 6 OIS)

Deflation Afflation Deflation

] Bedrock
B3 Alluvial and Subaeral sands

Fig. 3. The principle of geo-eolian redistribution of dust on the earth’s surface (on the example, the accumulation of
loam Ovrutsky loess Island and the formation of deflationary sand cover around it during the bedrock stage ,4 OIS)
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with deflationary conditions (only for particles less
than 0.25 mm), cover without loam (sandy, coarse
grained, or no Quaternary cover at all) was formed.

Furthermore, the geological factor determines
the thickness, the lithological composition, and the
stratigraphic structure of each section. Thus, within the
limits of the predominance of deflationary conditions,
thin sand coverings were formed, while thick clay-
loamy loess-soil covers formed on the dust deposition
sites. Polissia (in Fig. 1 light coloured areas in the
north of Ukraine) is a vivid example of the prevalence
of deflationary conditions in the Quaternary, where
landscapes with a thin sandy Quaternary base were
formed. The loess regions of the central and southern
areas (Fig. 1, yellow and brown coloured) reflect a
mosaic of areas with a predominant accumulation of
atmospheric dust.

Studies show that the geoeolian rhythm differs
from the climate rhythm (which is the basis of the
periodization and stratigraphy of the Quaternary).
And if a deflationary mode was established on the
territory for one or several climatic rhythms, then
these rhythms «drop out» of the cut, because they
lost the medium of their reflection. That is, a regional
stratigraphic break has formed within such territories.
The age range of such stratigraphic breaks generally
matches the duration of the «non-accumulation» of
atmospheric dust, and this provided a methodological
basis for the study of the «temporal» aspects of
geoeolian litho-morphogenesis.

An analysis of the spatial and temporal
differences of the geoeolian factor in different
territories confirmed the heterogeneity of the loess-
soil cover. It was established that the seemingly
homogeneous loess-soil cover on the territory of
Ukraine is actually a mosaic of areas with a different
climatic- stratigraphic structure. The loess-soil cover
of each element of this mosaic is characterized by
its own «type-section», which has a stratigraphically
homogeneous area of loess-soil cover- with the same
power ratio of climatoliths and the same stratigraphic
interruptions, making it easy to recognize in each
section.

There are also established general patterns
of sequences of abrupt changes in direction or
(deflationary or afflationary conditions) and the
intensity each of these geoeolian regimes. In particular,
the same age of the boundaries between sharp changes
in geoeolian processes, that is, their belonging to
certain palacoclimatic stages, was traced. On the
basis of the analysis of numerous factual materials,
a geoeolian and phased scheme has been compiled,
which reflects the temporal patterns of qualitative
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relative changes in all possible geoeolian regimes.
This scheme makes it much easier to determine the
geoeolian regime, by the stratigraphic structure of
loess cover, as well as to clarify the boundary between
regions with different geoeolian regime.

Without a doubt, all other geological factors and
processes (fluvial, deluvial, gravity, etc.) are also
acting, and all geological phenomena and objects that
are characteristic of traditional Quaternary geological
maps will also be present on the new map. However, it
should be noted that the results of the action of most of
these factors differ significantly for the accumulative
(afflating) or deflationary regions. In deflationary
sandy Polissia, deluvial, proluvial, alluvial, colluvial,
and other facies have a sandy or coarse-grained
composition, whereas in afflation-loess regions these
facies are loamy or clayey (Yu. Veklych, 2018).

Of course, such significant differences in views
on the formation of subaerial Quaternary cover
significantly affect the principles of its mapping. This
applies to both the zoning procedures and contours
of the Quaternary cover, as well as their content and
colouring.

On the principles of display on the map of the
Quaternary formations. Modern GIS-technologies
have almost unlimited possibilities for displaying
and analyzing geospatial information, but, in one
way or another, the final result is a map that displays
(drawing) a system of elements arranged according to
certain display rules. Even in the case of compiling a
«poly-visual» set of maps of the same content, when
maps of map objects can be interactively changed
by automatic renewal using one or another display
principle (for example, interactive replacement
of symbol sets with GIS-tools), it is necessary to
algorithmize each of these principles. Creating a
single map of Europe or the World also requires some
agreement between the authors of the principles of
reflection of the final map (even if there are several
such principles). All this forces us to examine in more
detail the existing approaches of visualization of the
geological structure on the maps.

The following is an analysis of the basic
principles of the cartographic display of Quaternary
deposits, which are most often used in mapping, as
well as a new principle that allows one to a certain
extent to combine their positive properties.

The analysis of the long-term experience of
mapping of the Quaternary deposits of the territory of
Ukraine revealed at least two quite distinct principles
of displaying the Quaternary cover. Their difference
relates to the main object of the mapping of the
Quaternary cover. Consider the main differences
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between the previously mentioned glyptogenetic
and classically-geological mapping principles of
Quaternary cover.

In 1977 and 2000, maps of Quaternary deposits
of Ukraine were compiled, illustrating both the above

mapping principles. In Fig. 4 for comparison, two
images: «a)» the 1977 map (V. Cherednichenko et
al., 1978) illustrates the mapping result according
to glyptogenetic mapping principle, and «b)» the
2000 map (B. Vozgrin et al., 2000) is an example of

Fig. 4. Examples of two principles of visualization of the geological structure on the maps of the Quaternary formations
of Ukraine: a) - glyptogenetic (1977) and b) - classic-geological (2000)

373



Veklych Yu.

Journ. Geol. Geograph. Geoecology, 28(2), 367-376.

applying its classic-geological principle. As you can
see, these maps are very different in terms of contours
and fill. It should be noted, however, that the number
of cartographic objects and in many respects the
contours on both maps are generally the same, but
the same objects (for example, deposits of glaciers,
alluvial deposits) are in one case represented by
colour, and in the other represented by contours.

On maps of 1:1,000,000 scale (a decade earlier
and 1:200,000), the criterion for establishing the main
mapped object was the determinative geological factor
that conditioned the main features of the geological
structure of a particular site. To this principle of
mapping of the Quaternary sediments, we have the
given code name «glyptogenetic» by E. F. Shantser,
who coined this term in wide use. This approach is
justified for small-scale and medium-scale mapping,
as well as for areas with insufficient geological study.
The geological content of areas of such a map are
determined by individual sections (support, etc.), and
their contours are predominantly geological (more
precisely, glyptogenetic) principles. This allows one
even in the conditions of a small number of sections
studied to recreate the contours of the main geological
factors - of the ancient glaciers, river terraces and the
like.

A striking example of this approach is the
reflection of glacial and alluvial sediments on the
1977 map. As can be seen (Fig. 4, «a)»), the loess
cover is «removedy, although it covers glacial (and
sometimes alluvial) deposits, that is, reflected on the
map only by contours. But the distribution areas of
the buried moraine, as well as alluvial deposits of the
terraces, are shown in colour. Most of the maps of the
Quaternary formations of the first generation (« State
Geological Map-200») are compiled precisely on this
principle. A positive feature of this principle is that
it focuses attention on the main morpho-lithogenetic
features of the geological structure. Their disadvantage
is that the information about the near-surface layer of
the Quaternary cover (which is important for human
activity) is reflected by specks, contours, or not drawn
at all on the map.

Another feature is the fact that this map reflects
the facies or genetic types of the beginning of the
formation of the Quaternary cover and relief (fluvial
terrace-formations - green colour, surface glaciers -
brown colour, etc.). That s, such a map displays mainly
the subface of the Quaternary cover, that is, so to say
«bottom view». With this approach, compromises are
often necessary, for example, in the case of several
«floorsy, for example, when the moraine is located on
alluvium and is overlapped by the loess. The loess-soil
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cover of the extra- glacial territories on such maps as
an exception is depicted mainly «from above» (under
the modern soil). Exceptions are also subaqual facies
of the Holocene age, the age equivalents of which are
«removed» in subaerial segments.

In Ukraine, from the 1970s-1980s, a new
principle of Quaternary cover mapping was developed
and introduced, which is called «classic-geologicaly.
This principle is the basis of the 2000 map (the image
«b» in Fig. 4) is applied on all large-scale maps
(including the new generation map «State Geological
Map-200»). Its provisions are borrowed from the
principles of classical geological mapping that is,
mapping of outputs to sub-Quaternary or surface of
pre-Quaternary sediments. But in our case, it consists
in the reflection of the first pre-Holocene Quaternary
strata from the surface or the strata complex. This
approach focuses attention on the near-surface layer
of the Quaternary cover, which is important for human
activity. As can be seen from Fig. 4 (the image «b)»),
on this map soil-loess (yellow colour) and loess-soil
(pink colour) formations prevail. Buried deposits of
other morpho-genetic factors (moraines, alluvium
and marine sediments) are indicated by contours, or
symbols.

The basis of the contours of the individual
Quaternary areas of the new generation map is taken
from the data of the lithological (granulometric)
composition of the maps of modern soils. The sharp
boundaries between the plots with different such
composition simultaneously display the boundaries
between the plots with different facies-stratigraphic
structure of the Quaternary cover. This approach
significantly increases the objectivity and reliability
of the map, since lithological data are obtained on
the basis of analytical studies. But the «filling» of the
geological content of each site selected in this way is
a real scientific study, which requires a high scientific
potential, as well as a sufficient amount of field work
with detailed stratigraphic and age identification of
many geological sections.

Of course, such an approach requires a much
denser network of geological observation points, each
of them needing a detailed stratigraphic division.
This was made possible thanks to the high level of
the theoretical and methodological and technical base
in Ukraine, as well as the introduction to the level of
regional geological enterprises within the framework
of the current program State Geological Map-200
of new methods for stratigraphic subdivision of
loess-soil sections and the age identification of other
phenomena of the Quaternary (terraces, facies etc.).

Maps compiled according to the classical-
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geological principle have their drawbacks. Thus,
some of the most important facets of the Quaternary
cover here are depicted by lines or symbols and look
like minor ones. However, there is no doubt that new
generation maps are more reliable and informative
than previous ones.

And finally, a few words about the new principles
of Quaternary sediment mapping. New ideas about
the spatial separation of the Quaternary cover, taking
into account the geoeolian regime, suggest that
it is necessary to introduce additional criteria for
this mapping. And the fact that it is this factor that
determines the basic characteristics of most other
facies (namely, the lithological composition, thickness
and stratigraphic completeness) gives it a special
meaning. Of course, all the traditional components
of Quaternary cover (alluvium, moraine, proluvium,
deluvium, etc.) should be on the map. However,
additional regionalization of the new principle
significantly increases the value and reliability of
such a map, expands and deepens the understanding
of the essence of the paleogeographical formation of
Quaternary cover and relief.

The introduction of the concept of a type-section
also opens up new paths for the compilation of a
legend. Now a two-level legend is being developed, in
which each colour symbol of the map is accompanied
by a quasi-stratigraphic column, in which the full
structure of the Quaternary cover is revealed. This
column reflects the genetic stratigraphic information
for each climatic stage (genetic type or facies, as well
as its frequency of presence in the sections of such
an area. This principle of compiling a legend has
excellent prospects, especially when applying modern
GIS-technologies. In particular, such an approach
makes it possible to map not only the stratigraphic-
genetic complex, but also the stratographic-genetic
features of the sediment of all climatic stages, and
volumes of stratigraphic breaks. The combination
of such detailed stratigraphic-genetic and spatial
information with the capabilities of GIS-technology
provides for the possibility of creating interactive
maps in which you can achieve instantaneous renewal
of maps according to the mentioned glyptogenetic
and classical geological principles. Furthermore, the
availability of information on each climatolith of
each selected (mapped) area (type-section) turns such
a GIS map into a visualization tool for each climate
stage, as well as for individual genetic divisions and
much more. At present, the question has been raised
about the creation and use of such an information
environment for automatic interactive translation of
maps from one scale to another, taking into account

stratigraphic and genetic detailing or generalization.
Conclusions. Mapping the Quaternary formations
of Ukraine with a scale of 1:2,500,000 facilitated
improvement of new approaches to the study of the
geological structure and deep analysis of aspects
of its cartographic visualization. New ideas about
the formation of the subaerial Quaternary cover
(taking into account geoeolian processes) and its
spatial discretization into areas with a homogeneous
stratigraphic structure (type-sections) reveal new
approaches in its mapping. In conjunction with
modern information technologies (including GIS) in
the field of geological mapping , a qualitatively new
basis for the implementation of these tasks is formed.
Among other solutions the formation of maps with the
possibility of interactive redrawing and visualization
by several different principles is attractive.

After publication on the GEO-site, the announced
map could supplement the general Quaternary map
of Europe and the World. Despite the fact that the
compilation of these (general) maps is at its peak,
given the above, the prospects for improvement
are far-reaching. In this regard, even before the
completion of these projects, it would be advisable
to intensify the public discussion with a view to
sharing experience and agreeing on the principles of
cartographic visualization of formations and deposits
of the Quaternary.
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