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Abstract

This paper is a summary of some chapters of the author’s book - iN.S. Bolikhovskaya: The
Evolution of Loess-Paleosol Formation of Northern Eurasia. Moscow. Moscow State University Pub-
lishing House. 1995. 270 pp. Illustrated. (Reviewers: Prof. A.A.Velichko and Prof. V.N. Konischev),
- which discusses problems of paleogeography, chronostratigraphy and genesis of loess and fossil soils.

The results of a multi-member chronostratigraphic subdivision of the loess-paleosol for-
mation (LPF) of the Russian Plain are presented. A correlation of basic paleogeographical events
of the loess areas in the Pleistocene are assessed. Landscape and climatic conditions of the epochs
of the loess-paleosol formations in the East Euiopean, West European and Central Asian loess prov-
inces are characterised. Jt was defined that the Matuyama-Brunbes paleomagnetic inversion is con-
fined to the base of the Gremyach’e = Cromer Il = Westerhoven interglacial sediments. Brunhes
normal polarity epoch contains 8 interglacialr,: Gremyach'e = Westerhoven, Semiluki = Rosmalen,
Muchkap = Voigtstedt = Noordbergum, Likhvin s.str. = Holstein, Chekalin =mKamenka = Domnitz,
Cherepet’ = Romny. Mikulino = Eem, Holocene and dividing them 7 glacials. Devitsa = Glacial B,
Don = Glacial C, Oka = Elster, Kaluga = Borisoglebsk, Zhizdra = Orchik, Dnieper = Saale,
Valdai = Weichsel. For the first time detailed reconstructions of phytocoenotic and climatic succes-
sions of the main stages, i.e. 8 interglacials and 7 glacials (including 9 interstadials and 10 stadials
during Valdai = Weichsel) of the loess-paleosol formation and another sediments of the Russian Plain,
various glacial-periglacial and extraglacial regions have been identified.

Introduction

When considering results of more than 160 years of investigations into loesses
and interbedded fossil soils, it should be admitted that many problems related to their
origin, stratigraphy, and correlation are still debated, as are environmental and cli-
matic conditions of loess formation. The most controversial items are the genesis of
loess, as well as its specific property of collapsibility, age and correlation of paleosols
and loess horizons, and paleoenvironments having existed during loess formation.

1Department of Geography, Moscow State University 119899 Moscow, GSP-3,RUSSIA.
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The principal method applied to these .studies was ihc palynological approach.
It permits io characterise paleoenvironments of all the stages, including loess forma-
tion, and not only those of soil formation. In lhis way. a whole sequence of changes
in flora, vegetation, and eiimalc can be traced within each stage of the evolution of
the loess-paleosoi formation (LPF).

The first attempts at palynological studies of loess and fossil soils of Nonh-
em Eurasia were made in the 1930s by V.N. Sukachev, Z.K. Dolgaya (1937), and V.P.
Grichuk (1940). Later on, the sLndies were stopped and resumed only in the i950s
by H.T. Lomayeva. Since the 1960s a number of specialists have been engaged con-
tinuously in research on the spore and pollen of LPF (V.P. Gnchuk, B. Frenzei. S.I.
Parislikura-Turlo, A.T. Artyushenko. G.A. Pashkevich, N.S. Bolikhovskaya. Z.P.
Gubonina. R.E. Giterman, M.M. Pakhomov, E.E, Gurtovaya, L.G. Be/us'ko, B. Ur-
ban, N.P. Gerasimenko, E.M. IVlalaeva, and many oLhcrs). Detailed palynological stud-
ies have been conducted on loess-paleosol series of different age, on the layer-by-layer
basis, (see Bolikhovskaya 1975. 1981, 1982. 1984. and others; Pashkevich 1977
Pakhomov 1983). The results including other published palynological data on L.PF
(summarised by the author) revealed a prevailing misconcepl that loesses and loess-
like deposits were formed under conditions of glacial climate exclusively, while fos-
sil soils were products of interglacial. and inters adial environments. To substantiate
the conclusion, it was necessary to carry out a deluded paleoboi mica! analysis of the
most representative sequences in loess regions, which were studied using an integraled
approach.

Problems of paleogeography of the loess-paleosol formation

An overview of extensive literature on the loess genesis in Northern Eurasia
shows that the cornerstone in loess formation theory is an assumption that loess origi-
nates as a result of transformation of the initial (aleuritic = loessial) fine-grained materi-
al by liypergenic processes under subaerial conditions; the material itself may be depos-
ited by different agents (wind, slope wash, perennial streams, glacial Hoods, etc.). The
most complicated problem of cardinal importance sec nis to reconstruct the climatic and
environmental conditions under which the fine material was transformed into loess by
hypergenic processes: it is equally important to date the loess-paleosol formation. Since
the late 1960s. the author conducted palynological research on main constituents of the
LPF. that is loess and fossil soils, as well as on the | ale Ceno/oic sediments of other
genesis (glacial, alluvial, lacustrine, etc.) exposed in ke> sections i f different loess re-
gions; the sediments are generally in paragenetic association with loess.

The history of the LPF studies illustrates well a diversity of opinions regard-
ing climatic and environmental conditions of the loess and paleosol formation. There
is an extensive literature on the LPF of the Russian Plain. A.l. Nabokikh (1915) stat-
ed that loess could have been formed both under glacial cVmate (told and dry. or cold
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and moderately humid) and during drier intervals of interglacials. Similar views have
been advocated by LP. Gerasimov (1939). V.D. Laskarev (1919) and G.F. Mirchink
(1928) placed loess into interglacial intervals. A conclusion by D.N. Sobolev (1924)
that loess (synchronous to morainic horizon) was formed in the periglacial zone at
the time of the glacial maximum has been accepted and elaborated by a majority of
researchers; V.I. Krokos, A.l. Moskvitin and their followers associate loess horizons
with glacial epochs and attribute soils to warm intervals. The sensor character of many
loess properties has brought many experts (K.l. Lukashev 1961; N.l. Kriger 1965: K.K.
Markov et al. 1965) to a conclusion that loess and paleosol are mutually exclusive
notions, because soil formation leads to degradation of properties of the underlying loess.
This conclusion which is justified from lithological and geochemical viewpoints has also
served as a basis for opposing loess and fossil soil horizons while solving problems of
genesis, paleogeography and chronostratigraphy of the loess.

An analysis of the currently dominating schemes of the LPF
chronostratigraphy and correlation on the East European platform (Velichko et al.
1984; Veklich et al. 1984) as well as a consideration of some regional schemes
(Bogutsky 1975; Gozhik et al. 1984; Krasnenkov et al. 1984; Zamna and Krasnov
1985; Shelkoplyas et al. 1986), together with paleogeographical data they are based
on. have elucidated the most essential points of disagreement. They are the number
of stratigraphically significant horizons of loess and paleosols, and reconstructions
of types of the Middle and Late Pleistocene pedogenesis. Different as their views on
the LPF stratigraphy and paleogeography may be, the authors of the mentioned
stratigraphical schemes however are unanimous in the crucial point, that is in posi-
tion of LPF horizons relative to climatic rhythms of different order. They consider
the loesses as having formed under glacial climate, and the fossil soils related to in-
terglacial and interstadial wanning. The question is not so simple, however, when
viewed from the palynological standpoint.

Regional aspects of the pal) noindication of the loess-paleosol formation

The development of LPF within the East European loess province has been
closely related to the ice sheet dynamics. An overwhelming majority of the LPF sec-
tions (not only those in Northern Eurasia, but all over the world) studied by the pol-
len method is located in the south-western sector of this province. Many of the sec-
tions have been characterised only by fragmentary pollen spectra which does not al-
low an unambiguous interpretation; therefore, they have been hardly mentioned in
discussions of the LPF paleogeography, stratigraphy and correlation. When studied
in detail, taking advantage of new data, the sections provided a new insight into the
main issues related to the palynoindication of the LPF.

A.T. Artyushenko, S.I. Parishkura-Turio, S.I. Medyanik, and other special-
ists (see publications of 1970 to 1992; Sirenko and Turlo 1986) noted some general
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features typical of the glacial epochs. Of them it should be mentioned the lack of pollen
and spores of Arctic-Alpine and Arctic-Boreal plants in horizons dated to the glacial time,
such as Priazovye, Tiligul, Tyasmin and others correlated with them in Ukraine and
Moldova; high percentage of broad-leaved species pollen in some instances; rather rare
localities with microtherms included in the Sula and Dnieper loessial palynofloras, while
thermophilous and cryophiious elements are often found together and they show similar
degree of preservation. Based on the above evidence the following vegetation units could
be reconstructed during the glacial epochs: 1) periglacial forest steppes and steppes, lo-
cally with intrazonal broad-leaved forests; 2) steppes similar to the recent steppe com-
munities in the south of the Russian Plain; 3) steppes and forest steppes, locally with pine-
birch forests along rivers and in ravines. The latter included little admixture of broad-
leaved species and cryophytes (Betula nana, B.fruticosa, Alnasterfruticosus) in the shrub
level. A detailed analysis of such materials together with palynologic evidence of fully
developed soils formed during glacial stages (see G.A. Pashkevich. N.S. Bolikhovskaya
anti others) suggest that some of loess horizons in Ukraine and Moldova belong to in-
terglacials. It seems necessary to distinguish stenoperiglacial and extraglacial types of
vegetation within the vast periglacial zone which existed during glacial stages of the LPF
development in the Russian Plain.

Reconstructions of vegetation, climate, paleopedogenesis, compared with data
on paleomagnetism and other materials, along with the analysis of geographical groups
of genera in interglacial dendrofloras have led to the conclusion that the Shirokino
stage in the LPF development on the Ukrainian territory (marked by the dominance
of forest steppes in coastal regions of the Black and Azov seas and in the Donets Low-
land) corresponded to the time of formation of the loess-paleosol series attributed to
the complex llyinka s.I. interval recognised in the central regions of the Russian Plain.
The Martortosha warm stage is correlated with the Muchkap interglacial of the cen-
tral and southern regions of European Russia. This correlation is based on a number
of indicators, such as on a wide distribution of mixed forests dominated by thermo-
philous and hydrophilous species almost all over the territory of Ukraine, predomi-
nance of Taxodium, Podocarpus, Juglans, Pterocarya, Carya, Liquidambar, etc. in
the Neogene relict dendroflora (see A.T. Artyushenko. S.I. Turlo-Parishkura, and oth-
ers), increased hydromorphism of the prevailing brown, lessivated and other forest
soils of the Martonosha stage (see M.F. Veklich, N.A. Sirenko, J.N. Matviishina). From
this interval onward, there had been a progressive increase in climatic continentality
which reached its maximum at the Late Valdai time of the loess formation. The Lubny
stage of the LPF development in Ukraine is correlated with the Likhvin s.sir. inter-
glacial. It is with less confidence that the early Zavadovka stages of pedogenesis can
be attributed to the Chekalin (= Kamenka) interglacial, and soils of the late Zavadovka
stages to the Cherepet’ (= Romny) interglacial. There is no formation indicative of
glacial climate between the Priluki and Kaidaki soils; on this ground, the period of
their formation may be considered as a single interglacial rhythm with successional
changes and the flora typical of the Mikulino thermochron.
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The LPF of the West European loess province reflects a landscape evolution
influenced by both ice sheets and mountain glaciers. Chronostratigraphy and recon-
structions of environments of loess-paleosol formation in this region are primarily
based on lithological, paleopedological, paleofaunistic, paleomagnetic data, radiocar-
bon and thermoluminescent dating (Pecsi 1966, 1993; rink 1969; Haase et al. 1969,
Smolfkova 1969; Maruszczak 1970; Somme 1977; Morozova 1981; Lautridou et al.
1982; Vaskovska 1985; Maruszczak 1986; Minkov et al. 1986; Lebret and Lautridou
1991; Sajgalik 1991 and many others), while paleobotanic evidence is much sparser.
A major contribution to understanding of the LPF paleogeography and stratigraphy
has been made by M Pecsi; his monograph (1993) summarizes analytical data and
reconstructions of environmental and climatic conditions of the loess and paleosol
formation in Eurasia as a whole, with a special reference to Hungary.

U was B. Frenzel (1964) who laid methodical foundations for palynological
studies of the loess-paleosol series in Western Europe. He developed a special tech-
nique for pollen and spores extraction from loess deposits and was the first to obtain
8 complete palynospectra for the Oberfellabrunne and Stillfried sections in the Vienna
basin. The data thus obtained suggest that the Eemian interglacial forest steppes were
characteristic not only of the time of the Fcllabrunne pedocomplex formation but (in
our opinion) also of the underlying loess. The expansion of periglacial steppes and
forest steppes marked the Early Wurmian stage of initial pedogenesis. In the
extraglacial (similar to mterglacial) forest steppes that interval corresponds to the time
when the Stillfried B pedocomplex (its studied part) and the basal part of the overly-
ing loess were formed.

Of considerable importance for the palynology of West European LPF are
the works by B. Lfrban (1984). She analysed horizons in a number of sections, such
as Stillfried, DolInf Vestonice, Paks and Mende. The Paks section has also been stud-
ied by G.A. Pashkevich (1979) and by the author. Palynologicai studies on two addi-
tional sections: Lopatki in Poland and Vetovo in Bulgaria (Bolikhovskaya, 1995c) are
under way. |I. Heim published results of palynological studies of the Achenheim |
pedocomplex from the section of the same name in Alsace (Heim etal. 1982; Somme
et al. 1986). Besides, loess and paleosol horizons were characterised partially when
cultural layers of Mousterian and Late Paleolithic sites were studied palynologically
in Germany, Belgium, France and elsewhere (Leroi-Gourhan 1977; Renault-
Miskovsky and Leroi-Gourhan 1981). As evidenced by the above facts, a majority
of palynological materials from the West European LPF sections refer to the Late Pleis-
tocene.

It should be noted that many researchers of the LPF in Western Europe (as
well as those who studied other regions of Northern Eurasia) ascribe all the Wurmian
fossil soils and pedosediments to interstadials. Many palynologists share this opin-
ion, even though their own material do not agree with this unfortunately dominant
“paleogeographic axiom”. As an example palynospectra of the Dolni Vestonice sec-
tion (on the right bank of the Morava River 50 km south of Brno) can be referred to.
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As it is presented in a paper by B. Urban, the composition of the spectra suggests a
few changes in the climatic-stratigraphic interpretation of paleobotanic data on a num-
ber of horizons. For example, grass communities were dominant at the time when the
first post-Eemian iocss was formed. The PC 1M chernozem soil developed under con-
ditions of interstadial forest steppes (Atnersfoort - N.B.) where steppe communities
{Artemisia, Ephedra, Helianthemum, Compositae etc.) and patches of bare ground
alternated with forest stands of Pinus sylvestris with admixture of P. cembra and, less
frequently, with broad-leaved species. Both the overlying loess and degraded cher-
nozem are attributed to the succeeding stadial, as both of them feature similar
palynospectra indicative of dominating steppes and much more arid climate between
the first and second stages of Wurm. The loess interlayer within PC 111 accumulated,
in our opinion, under more humid climate of interstadial forest steppes with domi-
nating open coniferous forests of Pinus sylvestris and P. cembra with some thermo-
philous species (Brorup - N.B.) A soil diagnosed as pararendzina by L. Smolfkova
suggests a considerable cooling manifested in a complete absence of broad-leaved
species and by an overwhelming dominance of open woodland with pine. The begin-
ning of the subsequent loess accumulation is marked by pollen spectra indicative of for-
est steppes of interstadial type and more arid climate compared to the previous intersta-
dial. One can see, therefore, that tine Wurmian fossil soils of Dolni Vestonice were formed
not only during interstadials. but also during the glacial stages, while the loess forma-
tion proceeded during both stadials and interstadials. Data on LPF in Austria and Czech
Republic, when compared with results of pollen analysis of the corresponding sediments
on the Russian Plain, show a distinct similarity between features of the Late Pleistocene
LPF evolution of the Lower Morava valley and those of the LPF development in the
Middle Dniester basin (located at the same latitude). Both regions reveal similar trend in
the change of climate, phytocoenoses and floras.

That loess may have been formed not only under glacial and interstadial cli-
mates, but also in interglacials, has been clearly demonstrated by the reconstructions
of some Early Pleistocene stages of the LPF development on the Lower Danube Plain
(the Vetovo section in northern Bulgaria). It has been proved that loess 5 (that is the
uppermost loess in the llyinka subaerial .series developed in forest steppe environ-
ments) was formed at the optimum phases of the Semiluki (Cromer 111) interglacial.
At that time, flat interfluves and upper slopes on the right bank of the Danube were
predominantly covered with herb and grass communities, with sporadic eroded
ecotopes. Limited patches of forests were dominated by broad-leaved species (Tillia
tomentosa, T. platyphyllos, Quercus robur, Q. petraea and others), stands of Alnus
glutinosa and those of spruce, pine and birch occurred locally. Lithogenesis of the
lower half of loess 4 corresponds to moderately warm and humid climate of the
Muchkap (Cromer IV) interglacial; the area under study was then occupied by for-
ests of beech, hornbeam, hazel and oak showing a considerable diversity in species
composition. Among the most typical taxa of the Muchkap palynoflora in northern
Bulgaria, there are Tsuga canadensis, T. sp., Pterocarya sp., Juglans cinerea, J. re-
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gia, J. sp., Fagus sylvatica, R. orientalis, Carpinus betulus, N. orientalis, Quercus
petraea, Q. robur. Tilia platyphyllos, Corylus columa and others.

Therefore, the palynological materials obtained from the loess-paleosol sec-
tions of Western Europe reveal a marked similarity in the LPF development of some
regions of the western and eastern loess provinces of Europe during the
Eem = Mikulino and Wurm = Weichsel = Valdai, as well as at earlier stages
(Bolikhovskaya and Bolikhovsky, 1996).

Palynological studies of key sections in the Central Aslan loess province are
yet few in number. However they have provided important evidence which may be
used in the hot discussion about environmental and climatic conditions about the for-
mation ofthe loess and fossil soils in this region. Materials obtained by R.E. Giterman
(Lazarenko et al. 1977), M.M. Pakhomov (1983). N.S. Bolikhovskaya (1980, 1983)
and other researchers made it apparent that the loesses were formed there under rather
various conditions. Loess formation extended over dry and warm interglacial steppes,
locally with arid open woodlands; cold and dry periglacial steppes, extraglacial deserts
and the like; cold extraglacial forest steppes, with more humid climatic conditions
than the present-day ones. All the data point to the fact that loess formation proceed-
ed during thermoxerotic phases of mtergl.acials, as well as during cryoxerotic and
cryohygrotic stages of glacial epochs. Fossil soils developed under warm and wet cli-
mate (mixed conifcrous/broad-leaved forests), warm and dry climate (dry steppes),
cool and relatively humid climate (pine and birch forests with admixture of broad-
leaved species) characteristic of interglacials and during cryohygrotic stages of gla-
cial cpochs. No pollen spectra belonging to interglacial deserts have been found in
the fossil soils.

Detailed reconstruction of phytocoenotic and climatic conditions
during stages of loess-paleosol formation in the Russian Plain

The Russian Plain is considered a key stratoregion for the periodisation and
correlation of the LPF in Northern Eurasia. Data obtained by detailed
palynostratigraphic studies of the most comprehensive sections found in the region
are in reasonable agreement with the loess and paleosol stratigraphy developed by
A.A. Velichko and his co-workers (1984), and with the scheme of the subdivision of
Quaternary deposits worked out for the central regions by a team led by S.M. Shik
and R.V. Krasnenkov (1985). Both schemes are taken here as a basis for the LPF
chronostratigraphy.

On the basis of palynological data it has been established that the period of
the LPF development on the Russian Plain comprises 17 paleogeographic stages
(9 interglacials and 8 glacial epochs between them) which reflect global Pleistocene
climatic rhythms of the highest level (Fig. 1) (Bolikhovskaya 1995c). No represen-
tative paleobotanic characteristics are available which could ascertain position, of
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boundaries of interglacia] and glacial climatic rhythms neither in the stratotypes of
the Borisoglebsk, Kamenka, Orchik, and Romny horizons, nor in those of the LPF
members attributed to the Ilyinka s.I. horizon. This being so, the author named the
stages after the sections, which provided most comprehensive information (includ-
ing palynological characteristics) on the corresponding slratigraphic units, so that
boundaries between the latter could be located with reasonable accuracy.

The Dniester-Prut extraglacial loess region includes loess areas in the ex-
treme south-west of the non-glaciated territory of the Russian Plain, that is in valleys
of the Lower and Middle Dniester and Prut, and on the adjoining watersheds. The
most detailed subdivision of the LPF has been performed, and climatic and environ-
mental conditions of loess and soil formation have been reconstructed with the high-
est possible degree of accuracy for the Middle Dniester drainage basin. The thickest
and most complete series of loess and paleosols are exposed along the scarp of the
second terrace of the Dniester; fluvial deposits of about 10 m thickness are overlain
by a 25 m thick mantle of loess-like eolian and deluvial deposits including 8 paleosols.
Some well-known Paleolithic sites are associated with sediments of this terrace. Sec-
tions of Molodovo, Konnan’, Ketrosy, Kishlyansky Yar were studied by L.K. Ivanova,
A.P Chernysh, A.K. Agadjanian, N.S. Bolikhovskaya, S.V. Gubin, N.V. Rengarten
and others. The results of the studies, supplemented by detailed palynological data
(Pashkevich 1977: Bolikhovskaya 1981, 1986, etc.) provided information on the de-
velopment of LPF, vegetation, climates and other features of paleolandscapes in the
Middle Dniester stratoregion during the Mikulino interglacial and 19 stages within
the Valdai epoch (9 interstadial and 10 stadial intervals, see Fig. 2B). It has been con-
firmed that material of loess horizons dated to the Late Pleistocene was accumulated
both during the stadials (in tundra steppes, periglacial steppes, and forest steppes) and
interstadials (in extraglacial steppes and forest steppes with patches of birch-pine for-
ests with an admixture of hornbeam, elm etc.) of the Valdai glacial epoch, as well as
during the Mikulino endothermal cooling. At the base of the section two brown for-
est soils are found separated with a loess layer; they developed during the
thermoxemtic and ihermohygrotic phases of the Mikulino interglacial. The optimum
of the ihermoxerotic phase was marked by zonal occurrence of forest steppes with a
prevalence of oak in forests with hornbeam, elm, and ash patches: whereas the peak
of the thermohygrotic phase featured hornbeam forests with an admixture of hazel,
oak etc.

The Valdai paleosols formed during interstadials under extraglacial forest
sleppe and steppe conditions and during the Late Valdai cryohygrotic phase (the
Kormair cryomorphic soil). The latter was characterised by development of tundra-
fofiest steppes with widespread Arctic-Alpine species (Arctoits alpina, ArctostaphyUos
um-ursi, Rubus chamaemoms, Dtphazium alpinwi, etc.), by dominance of steppe
coenoses, hush formations of Juniperus, Beiulafruticosa, B. nana, Mnasterfruticosus,
communities typical of eroded ecotopes and wetland environment, and patches of
birch-pine open woodland.
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The Volhyno-Podolian glacial-periglacial loess region includes loess-till and
loess regions of the Volhynian Upland, north-western Podolian Upland, and the
denudational-accumulational plain of the Lesser Polessye between the two uplands.
The most representative loess-paleosol series are found on interfluvial plateaus and
upper slopes. Their stratigraphic division is based on schemes developed by A.B.
Bogutsky (1975), M.F. Veklich et al. (1984), A.A. Velichko et al. (1992). A number
of sections on the Volhynian Upland, in the area of Lesser Polessye and in the north
of the Podolian Upland have been studied palynologically (Bezus’ko 1981, 1989;
Gurtovaya 1981; Artyushenko et al. 1982; and others). Even though reliable data are
rather few, they give an insight into special features of interglacial and interstadial
floras and phytocoenoses of the region. They also allow to calculate climatic param-
eters for most of the established stages of the LPF development and to date the
Kaidaki, Dnieper, and Priluki horizons and the Dubny soil more precisely
(Bolikhovskaya 1995c). It has been found that the pollen spectra from the Priluki and
Kaidaki soils together with the underlying loess-like loam, which are attributed by
R.Ya. Arap to the Dnieper glacial epoch, are of interglacial type (with Juglans,
Carpinus, Quercus, Tilia, Acer, Morus, Ulmus, Corylus, Cornus, Rhamnus, Berberis
etc.). They were probably formed within a single interglacial rhythm i.e. during the
Mikulino interglacial. The Vitachev soil corresponds to the expansion of extraglacial
steppes, while at the time of the early Valdai loess formation periglacial steppes were
widespread, with bush formations of microtherms (Bctula fruticosa, Alnaster
fruticosus. etc.). Pollen spectra described by E.E. Gurtovaya and L.G. Bezus'ko from
the Dubny (= Bryansk) soil suggest, in our opinion, that this well developed soil ho-

Fig. 2. Detailed climatostratigraphy of the Upper Pleistocene loess-paleosol formation. Landscape-
climatic successions in the Desna-Dnieper glacial-periglacial (A) and Dniester-Prut extraglacial (B)
loess regions during the Late Pleistocene. - Landscape-climatic successions: A: [ = cryoarid tundra;
2=tundra; 3 = forest tundra with birch open woodland; 4 = forest tundra with coniferous open woodland;
5 = forest steppe with birch open woodland; 6 = forest steppe with coniferous open woodland;
7 = steppe; 8 = dry steppe; 9 = extraglacial steppe; 10 = extraglacial forest steppe; 11 = pine-birch open
woodland; 12 = pine forests; 13 = Siberian cedar pine-spruce and birch forests; 14 = birch forests with
broad-leaved arboreal species; 15 = pine-birch forests with broad-leaved arboreal species; 16 = hirch-
pine forests with broad-leaved arboreal species; 17 = spruce-pine forests with broad-leaved arboreal
species; 18 = mixed coniferous-broad-leaved forests; = hornbeam-oak forests; 20 = oak-hombeam
forests. B; 1= tundra-forest steppe; 2 = forest steppe; 3 = steppe; 4 = pine open woodland; 5 = pine
forests; 6 = extraglacial steppe; 7 = extraglacial dry steppe; 8-11 = extraglacial forest steppe: 8 = with
spots of pine forests with oak, hornbeam, elm and linden; 9 = with spots of spruce-pine forests with oak,
hornbeam, elm and linden; 10 = with spots of coniferous-broad-leaved forests with predominance of
oak; 11 = with spots of broad-leaved forests with oak as edificator; 12 = pine forests with rare cryophytes;
13-17 = forest steppe: 13 = with pine forests with broad-leaved arboreal species; 14= with pine-broad-
leaved forests; 15 = with Siberian cedar-broad-leaved forests; 16 = with oak forests;
17 = with hornbeam forests
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rizon interbedding in the Valdai loess series may be of different age in various parts
of the Volhynia Podolian region. In Volhynia (the Boyanichi section) it developed dur-
ing one of the Middle Valdai cold phases, while in Lesser Polessye (Podbereztsy and
other sections) it spans the warmest Middle Valdai interstadial as well as the preced-
ing and subsequent coolings. The Dubny soil in the Izyaslav section (northern Podolian
Upland) was dated to the end of the warmest Middle Valdai interstadial and the sub-
sequent stadial cooling. Material of Late Valdai loess was accumulated in this region
in periglacial environments characteristic of the cryoxerotic stage of the last ice age.

The Desna-Dnieper glacial-periglacial loess region is located north-east of
the Dnieper Lowland, within the limits of the Dnieper ice sheet; it includes regions
of the Upper Dnieper and Desna LPF. A most complex structure and considerable
thickncss are the characteristic features of the loess-paleosol series along the left bank
of the Desna River. The author has performed a detailed analysis on the Arapovichi
section which is one of most representative in the region and i:;; located on the
interfluvial plateau south-west of Novgorod-Seversky.

The section has been studied by A.A. Velichko, V.P. Grichuk, A.K. Markova,
T.D. Morozova thoroughly, and by many others (see publications of 1957 to 1985),
and it is one of the key sections for the stratigraphic scheme of LPF developed by
the above named researchers.

Character and sequence of the palynozones identified in the section, regu-
larities in the phytocoenotic successions, total composition of liie paly noflora and in-
dividual significant species (Bolikhovskaya, 1991. 1993) testify that not only the
Salvn’ fossil soil belongs to the Mikulino interglacial, but also the whole series of
formations overlying the til! and the lower third of the Krutitsa soil (salt affected cher-
nozem, according to T.D. Morozova 1981) (Fig. 2A). Most typical of the Mikulino
palynoflora in the Desna loess region are Picea s. Omorica, P. s. Strobus, P. s. Cembra,
Carpinus betulus, Fagus sylvalica, Quercus robur, Q. petraea, Q. pubescens, Tilia
platyphyllos, T. tomentosa, T. cordata, Ulmus glabra, U. laevis, Celtis sp., Corylus
columa, Corylus avellana, Humulus lupulus, Lonicera, etc. An Early Valdai intersta-
dial has been identified within the Krulitsa soil. Another similar wanning was revealed
in the lower part of the Khotylevo loess horizon. Judging from palynological data,
the Bryansk soil is a composite paleogeographic formation: its parent material and
the genetic horizons themselves developed throughout three Middle Valdai intersta-
dials and intermediate phases of cooling and at the beginning of the first (Ostashkov)
Late Valdai stadial. The data argue against the previous belief about this soil being
formed during only one interstadial. An interstadial (dated at about 16.500-15.000
yr. BP in the European sections) and three earlier warm intervals of interphasc level
are recorded in the sequence of the Desna and Allynovo loesses. The loess horizons
in this region were accumulated in the environments of periglacial tundra and forest
tundra during glacial stage-:, as well as in periglai ial steppes and forest steppes cor-
responding to interphase and interstadial intervals of the VValdai epoch. The loess-like
sandy loam underlying the Salytf soil could be associated with the thermoxerotic



maximum (hornbeam and oak forest phase) of the Mikulino interglacial. The fossil
soils were formed under forests during both stages within the Mikulino interglacial
rhythm, as well as under interstadial pine-birch forests (with oak, lime and elm) and
in periglacial forest steppes. Soils also developed during interphase intervals in
periglacial forest tundra, locally with open woodland composed of coniferous spe-
cies and birch, and during the cryohygrotic stage of the Valdai glacial epoch when
periglacial bush tundra dominated {Fig. 2A).

The Northern Central Russian glacial-periglacial loess region occupies the
north of the Central Russian Upland within the limits of the most extensive Middle
Pleistocene (Dnieper = Saale) glaciation. The composition and structure of the Qua-
ternary sediments are represented most fully in the Likhvin section near Chekalin;
the majority of paleogeographic events of the Pleistocene are recorded within the se-
quence. A 50 m thick sequence of loess, paieosols, tills and glacio-lacustrine, alluvi-
al, lacustrine and bog sediments is exposed in a 2 km long scarp extending along the
Oka River or in the nearby pits and boreholes. The literature on the section is quite
voluminous. Most numerous are papers dealing with sediments of an oxbow lake
(25 to 34 m from the top of the section) unanimously accepted as the stratotype for
the Likhvin interglacial on the Russian Plain.

A comprehensive layer-by-layer characteristic of the whole sequence obtained
by the author permitted its detailed subdivision and made possible the reconstruction
of the diversified environmental and climatic events in the Upper Oka basin. The se-
quence spans the period from the Don glaciation to the Holocene (Fig. 3), that is six
glacial epochs (Don, Oka, Kaluga, Zhizdra, Dnieper, Valdai) and six interglacials
(Muchkap. Likhvin. Chekalin, Cherepet’, Mikulino, and the Holocene); they are pre-
sented either as complete climatic rhythms of glacial and interglacial rank, or by con-
siderable portions of climatic-phytocoenotic phases i.e. constituents of the rhythm
(Bolikhovskaya 1995 b,c). Environments under severe climates of the periglacial
tundra dominated by cryophytes (Betula nana, B. fruticosa, Alnasterfruticosus, Dryas
octopelala. Selaginella selaginoicles etc.) were characteristic of the Dnieper (= Saale)
and Oka (= Elster) glaciations, with the ice sheet extending into the Upper Oka val-
ley; they were also typical of the time when the Don glacio-lacustrine sediments ac-
cumulated. Lacustrine sediments of the Muchkap interglacial yielded palynospectra
representing diversity of the mterglacial flora. They include taxa characteristic of the
Muchkap flora (Tsuga canadensis, Picea s. Omorica, P. s. Eupicea, Abies sp., Pinus
s. Cembra, P. s. Strobus, Larix sp., cf. Rhus sp., Carpinus betulus, C. orientalis, Fagus
sylvatica, Quercus robur, Q. pubescens, Tilia platyphyllos, T. cordata, llex aquifolium,
Ulmus laevis, U. glabra, U. campestris, Osmundci cinnamomea, O. claytoniana etc.)
along with species - indicators of this interglacial at the centre of the Russian Plain
(Cedrus sp., Tilia amurensis, Osmunda regalis, Woodsia manchuriensis, W.fragilis).
The Muchkap climatic optimum was marked by the prevalence of spruce and elm-
oak-hombeam forests. At the optimum of the Likhvin s.str. interglacial first oak-horn-
beam forests dominated, later they had become replaced by spruce-fir and hornbeam-
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beech-oak forests. Typical of the Likhvin flora are representatives of the European,
Mediterranean, East Asian and North American floras, such as Larix sp., Abies alba,
Picea s. Omorica, P. excelsa, Pinus s. Cembra, P. s. Strobus, P. sylvestris, Betula s.
Costatae, B. pendula, B. pubescens, Juglans regia, Carpinus betulus, Fagus sylvatica,
Quercus petraea, Q. robur, Q. pubescens, Zelkova sp., Celtis sp., Ulmus propinqua,
2. laevis, U. campestris, Fraxinus sp., Tilia platyphyllos, T. tomentosa, T. corclata,
Acer sp., Corylus colurna, C. avellana, Alnus glutinosa, A. incana, Ligustrina
amurensis, Rhododendron sp., Vitis sp., Myrica sp., Osmunda cinnamomea, Salvinia
natans and others, including species-indicators Tsuga canadensis, Taxus baccata,
Pterocaiya fraxinifolia, Juglans cinerea, Castanea sativa, llex aquifolium, Fagus
orientalis, Quercus castaneifolia, Buxussp., Osmunda claytoniana. During the Kaluga
cool interval, in periglacial environments of forest tundra, lacustrine and fluvial sed-
iments formed, as well as the overlying PS7 soil and parent material of the PS6 soil
did, showing post-cryogenic structure. The Chekalin interglacial (its peak of heat and
moisture supply was marked by the dominance of spruce-broad-leaved forests) has
been recorded in the pedocomplex including paraburozem PS5 and podzolic PS6 soils.
Characteristic floristic elements of this thermochron are Picea s. Omorica, P. excelsa,
Pinus s.g. Cembra, P. sibirica, P. sylvestris, Betula pendula, B. pubescens, Carpinus
betulus, Quercus robur, Tilia cordata, T. platyphyllos, T. tomentosa, Acer sp., Ulmus
laevis, U. glabra, U. campestris, etc. The flora of periglacial forest-tundra of the
Zhizdra cooling recovered from the lake and bog deposits includes less diversified
cryophytes compared to the Kaluga flora; the latter is represented by Larix sp., Pinus
sylvestris, Betula pubescens, B. pendula, B. fruticosa, B. nana. Alnaster fruticosus,
Dryas octopetala, Selaginella sibirica, Lycopodium appressum, L. pungens, Artemi-
sia s.g. Seriphidium, Thalictrum sp., and others. Bog gleyed soil PS4 developed dur-
ing the Cherepet’ interglacial; its optimum phases are marked by hornbeam-oak and

Fig. 3. Stratigraphic subdivision of the Likhvin key section. Phytocoenotic and climatic successions
on the territory of the Upper Oka loess region in the Pleistocene (according to palynological data).
Lirhology: 1= recent soil; 2= Eopleistocene fossil soils and pedosediments (see Fig. 4): 3 = Pleistocene
paleosols; a) horizon A; b) horizon B; 4 = loess and loess-like deposits; 5 = clay; 6 = foliated marl;
7 = loam; 8 = loamy sand; 9 = sand; 10 = sand with loamy interlayers; 11 = sand with grave) and
pebble; 12 = fluvioglacial deposits; 13 = till; a) clayey; b) sandy; 14 = limestone; 15 = inclusions of
carbonate concretions; 16 = mollusc shells. - Landscape-climatic successions: 1 = ice cover;
2 = periglacial tundra; 3 = periglacial forest tundra; 4 = periglacial steppe; 5 = periglacial forest
steppe; 6 = pine-birch open woodland; 7 = larch-pine-birch open woodland: 8 = spruce forest;
9 = birch forests with broad-leaved arboreal species; 10 = pine-birch forests with broad-leaved
arboreal species; Il = birch-pine forests with broad-leaved arboreal species; 12 = pine-spruce forests
with broad-leaved arboreal species; 13 = birch-broad-leaved forests; 14 = pine-cembra pine-broad-
leaved forests; 15 = pine-spruce-broad-leaved forests; 16 = spruce-broad-leaved forests; 17 = spruce-
fir-broad-leaved forests; 18 = broad-leaved (Quercetum mixtum) forest::;; 19 = broad-leaved shady
(with Carpinus betulus domination) forests; 20 = spruce-broad-leaved forests with subtropical taxa;
21 = broad-leaved forests with subtropical taxa
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coniferous/broad-leaved forests with Dinus s. Cembra, Pinus sylvestris, Betula
pendula, B. pitbescens, Carpinus betulus, C. cf. orientalis, Ostrya sp. Quercus robur;
Q. cf pitbescens, Tilia cordata, T. tomentosa, Ulmus laevis, U. campestris etc. among
characteristic taxa.

During the Dnieper s.l. stage the following series were deposited: a) Early
Dnieper glacio-fluvial silts with lemming fauna: Dicrostonyx cf simplicior, Lemmas
sibiricus etc. (Agadjanian 1973), and palynospectra mostly of tundra steppe type
(Bolikhovskaya 1975); b) three layers of till attributed to the Dnieper and Moscow
stadials and to the Dnicper-Moscow interstadial; the landscapes of the latter were
dominated by open woodlands of pine, Alnaster and dwarf birch; c) the Late Mos-
cow loess-like sandy loam. An Early Dnieper interstadial has been identified in the
upper part of silts underlying the till; periglacial open woodlands with pine prevailed
at that lime, i.ate Moscow interstadial warming (established in ferruginous sands
above the tills) is represented by a phase of periglacial birch open woodlands with
Betulafruticosa in lhe shrub layer and a cover of herbs and dwarf shrubs (with Arctous
alpina, Cannabis sp., Artemisia s.g. Seriphidium, Thalictrum cf. alpinum and others).
The Mikulino interglacial (when a lessivated soil of PS2 complex formed) was marked
by a dominance of forests, such as pine-birch ones at the beginning and at the end of
the thermochron; elm-hornbeam-oak and birch forests at the thermoxerotic maximum:
oak-elm-linden-hornbeam and spruce-pine-birch forests at the thermohygrotic maxi-
mum. The first Early Valdai cold phase established at the top of A2 horizon of forest
soil was characterised by the dominance of birch forests, with Betula fruticosa and
B. nana in the shaib layer.

The first Early Valdai interstadial is manifested in the sod horizon of PS2
complex by a palynozone indicative of periglacial forest steppes with steppe herb and
grass communities and those of chenopods and wormwood; meadow coenoses; pine-
spruce-birch forests with an admixture of oak and linden. The onset of the succeed-
ing loess formation was marked by a sharp increase in contincntality of the climate
involving the expansion of tundra steppes: the periglacial flora of the latter is
characterised by the presence of pollen and spores of Pinus sylvestris, Betula penclula,
B. pitbescens, B. fruticosa, B. nana, Alnaster frutic-osus, Cannabis sp.. Ephedra
strobilacea. Selaginella sibirica, and others, final stages of the loess formation took
place during the second Early Valdai interstadial, when dominating forests were com-
posed of Pinus sylvestris, P. sibirica, Picea excelsa. The overlying fossil soil PS 1 (cor-
related unanimously by paleopedologists with the Bryansk soil), as well as the up-
permost loess horizon, formed in periglacial environments dominated by birch open
woodlands with Juniperus sp.. Betulafruticosa, Alnasterfruticosus in shrub layer.

As it is evident from the foregoing, fossil soils of the Northern Central Russian
glacial-periglacial loess region developed during interglacials (PS6. PS5, PS4, PS3. and
PS2 forest soil) and an interstadial (sod soil of PS2 complex); some of the soils (PS7 and
PS I) formed under stenoperiglacial conditions corresponding to glacial stages of glacial
epochs. Loess horizons in this region formed under glacial climate only.
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The Oka-Don glacial-periglacial loess region occupies the lowland of the
same denomination and the eastern part of the Central Russian Upland within the lim-
its of the Don ice lobe. Detailed reconstructions of landscapes and climates of the
region during all the main stages of the LPF development have been worked out by
the author using data obtained by studies of the Strelitsa key section located on the
right bank of the Don River, 20 km from Voronezh. An almost complete sequence of
the LPF is seen there in a number of quarries at the upper slope of the Devitsa River
valley. Investigations carried out for many years provided detailed palynological data
for the whole sequence of subaerial, lacustrine and fluvioglacial formations underly-
ing and overlying the till deposited during Don glaciation (Bolikhovskaya 1975,
1995 b,c). Floristic, phytocoenotic and climatic successions reconstructed for all the
stages of the LPF formation in the discussed region have been compared with results
of lithological, paleopedological, paleofaunistic, paleomagnetic and other analyses
of the exposed deposits (Krasnenkov et al. 1970; Agadjanian 1971; Bolikhovskaya
1984 and others; Udartsev 1980; Velichko et al. 1985; Zarrina and Krasnov 1985). It
has turned out that in most cases there is a discrepancy between the boundaries of
glacial and interglacial rhythms on the one hand, and loess and fossil soil boundaries,
on the other hand (Fig. 4). The submorainic loess-paleosol series superimposing the
Eopleistocene red beds formed in the course of the llyinka interval, which compris-
es two interglacial rhythms and the intermediate cooling. During the early llyinka
(Gremyach’e) mierglacial steppes and forest steppes prevailed and the lower soil of
this series developed at that time; during the Deviisa cooling, under conditions of
periglacial tundra and forest tundra, the middle horizon of loess (separating two soils),
the parent sediment of the B soil horizon, and the base of A horizon of the upper soils
were formed. The overwhelming part of the thick humus horizon of the upper soil
(its top has been eroded) couesponds to the Semiluki (late llyinka) interglacial. Pa-
lynological data on the post-Don loess-paleosol members testify that subhorizons A 11
of the Vorona PC, Inzhavino, Kamenka, and Krutitsa soils correspond to cryohygrotic
stages or substages of cold cpochs. There is only one (Vorona) soil in the second Pre-
Dnieper PC; it developed throughout the Muchkap interglacial (with coniferous/broad-
leaved forests dominant at its optimum) and during the first half of the Oka glacia-
tion. Material of the Korostylevo loess was accumulated, horizon A I! of the Vorona
soil was formed and penetrated by ice wedges under conditions of the Oka periglacial
environment. The upper Pre-Dnieper PC of the sequence, including the Inzhavino,
Kamenka and Romny fossil soils, was formed in the course of three interglacial and
two glacial climatic rhythms. Most part of the Inzhavino soil developed under for-
ests of the Likhvin s.str. interglacial (pine-birch forests—birch forests with some
Carpinus betulus and Carpinus orientalis—>birch-cembra pine-spruce-pine forests
with oak and ehrwpine-fir-cembra pine-spruce forests with hemlock, hazel, horn-
beam and beech—fir-spruce and beech-hornbeam-elm-oak forests—~forest steppes
with patches of broad-leaved forests->coniferous/broad-leaved and birch forests). The
Likhvin flora includes taxa as Tsuga canadensis. Abies sp., Picea s. Omorica, P. s.
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Eupicea, Pinus s. Cembra, P. s. Strobus, P. sylvestris, Larix sp., Betula s. Costatae,
B. pendula, B. pubescens, Juglans regia, Carpinus betulus, C. orientalis, Quercus
robur, Q. petraea, Q, pubescens, Ulmus laevis, U. carpinifolia, Humulus lupulus,
Euonymus sp. In terms of taxa diversity and participation of Neogene relicts, it is on
a par wilh that of the preceding Muchkap thermochron (the latter includes Abies sp.,
Picea s. Omorica, P. s. Eupicea, Pinus s. Cembra, P. s. Strobus, P. sylvestris, Betula
s. Costatae, B. pendula, B. pubescens, Zelkova sp., Carpinus caucasica, C. betulus,
C. orientalis, Ostrya sp., Corylus colurna, Acer sp., Quercus petraea, Q. robur, Q.
pubescens, Tilia platyphyllos, T. tomentosa, T cordata, Lonicera sp., Rhamnus sp.,
Osmunda cinnamomea and others). The Kaluga (= Borisoglebsk) cooling was
characterised by dominance of periglacial tundras and forest-tundras. The successions
of the Kamenka interglacial soil formation is reconstructed as follows: forest steppes,
locally with linden-hornbeam-oak and birch-pine forests—herb and grass
steppes—>pine-birch, oak-hornbeam and alder forests—pine-birch forests of the en-
dothermal interval—2forest sleppes. At the Zhizdra (Orchik) cooling, the periglacial
steppes of the first phase were replaced by periglacial tundras. The optimum stage
of the Romny pedogenesis featured hornbeam-oak forests with Carpinus orientalis
and Ostrya sp., alder forests and coniferous-birch stands. The Dnieper loess formed
in cryoand environments of periglacial tundras. Most part of the Mezin PC was as-
sociated with the Mikulino interglacial forest steppes, which were considerably re-
duced in area in the Upper Don drainage basin at the phase of dominance of horn-
beam-oak and birch-pine forests. The first Early Valdai cooling and the subsequent
interstadial can be correlated with the upper subhorizon A I1lof the Krutitsa soil.
5 interstadials and 6 alternating cooling of stadial level are recorded along the
interfluvial LPL profiles dated to the Early and Middle Valdai. The Late Valdai hori-
zons are found in the cover sediments of the first and second terraces of Don. On the
northern Central Russian Upland the materials obtained so far do not permit identifi-
cation of interglacial loess formations. The loess horizons of the Oka-Don lowland
are generations of glacial climate.

Fig. 4. Stratigraphic subdivision of the Strelitsa key secuon. Phytocoenotic and climatic successions
on the territory of the Upper Don loess region through the Pleistocene (according to palynological
data; for symbols of lithological column see Fig. 3). - Landscape-climatic successions: 1= ice
cover; 2 = periglacial tundra; 3 = periglacial forest tundra; 4 = periglacial steppe; 5 = periglacial
forest steppe; 6 = pine-birch open woodland; 7 = extraglacial steppe; 8 = pine-birch forests;
9 = birch forests with broad-leaved arboreal species; 10 = pine-birch forests with broad-leaved
arboreal species; 11 = birch-pine forests with broad-leaved arboreal species; 12 = spruce-pine-birch
forests with broad-leaved arboreal species; 13 = pine-birch-broad-leavcd forests; 14 = spruce-pine-
birch-broad-leaved forests; 15 = broad-leaved forests; 16 = forest steppe; 17 = steppe; 18 = coniferous
forests wilh rare subtropical taxa; 19 = mixed coniferous-broad-leaved forests with rare subtropical
taxa; 20= broad-leaved forests with subtropical taxa

29



30



The extraglacial loess region of the East Caucasian piedmonts is one of the
most remote areas from the glaciated territories of the Russian Plain. The loess-
paleosol series represent maximum thickness (70-100 m) on the European subconti-
nent. Previous attempts at stratigraphic subdivision of the LPF in the Caucasian pied-
mont and its correlation with horizons of glacial and periglacial zones of the Rus-
sian Plain were based on lithological and geochemical analyses, as well as on paleo-
magnetic and thermoluminescent data (Balaev and Tsarev 1964; Shelkoplyas et al.
1987; Fainer and Lizogubova 1987; and others). The author participated in the study
of the most representative LPF sections in the extraglacial zone as a member ofa group
of specialists under the guidance of A.A. Velichko. A 140 meter sequence of
Eopleistocene and Pleistocene deposits was studied, exposed in natural scarps and
penetrated by boreholes on the interfluve and on the Kuma valley slopes and terrac-
es near Otkaznoye village (Morozov 1989; Udartsev et al. 1989; Virina et al. 1990;
Bolikhovskaya 1995a,b,c; and others). Using data obtained from studies of paleomag-
netism, paleosols, small mammals, as well as palynological characteristics, the au-
thor produced reconstructions of climates and environments for all 15 climatochrons
of the Brunhes epoch of normal polarity (Fig. 5).

For the most part of the period of more that 700 thousand years duration (from
the Gremyach’e interglacial to the present days) the western part of the Terek-Kuma
lowland was occupied by forest steppe interglacial landscapes or by periglacial and
extraglacial forest steppes. For the first time in the Pleistocene history, steppes be-
came dominant here during one of the phases of the thermoxerotic interval of the
Likhvin interglacial. Vegetation of dry steppes and semideserts prevailed in the Mid-
dle Kuma basin at some warm Eopleistocene intervals; during the Pleistocene it as-
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Fig. 5. Phytocoenotic and climatic successions of the Middle Kuma basin during the Pleistocene
(according to palynological data). - Landscape-climatic successions: 1= periglacial semi-desert
and dry steppe; 2 = periglacial steppe; 3 = periglacial forest steppe; 4 = birch and coniferous-birch
open woodland; 5 = extraglacial forest steppe; 6 = extraglacial birch open woodland; 7 = extraglacial
spruce and cembra pine-spruce forests; 8 = birch open woodland with broad-leaved arboreal species;
9 = birch forests with broad-leaved arboreal species; 10 = coniferous-birch and birch-coniferous
forests with broad-leaved arboreal species; It = forest steppe; 12 = steppe; 13 = piedmont forest
steppe; 14 = shrub hornbeam groves; 15 = elm-oak, oak, hornbeam-oak forests; 16 = hornbeam
forests; 17 = oligo- and polydominant broad-leaved forests; 18 = polydominant broad-leaved forests
with subtropical taxa. - Fluctuations of humidity curve: | = periglacial semi-desert and dry steppe
(annual precipitation <250 mm); 2 = interglacial desert and semi-desert (250 mm and less);
3 = periglacial steppe (280-300 mm); 4 = periglacial forest steppe (300-450 mm); 5 = interglacial
steppe (300750 mm); 6 = periglacial open woodland (400-500 mm); 7 = interglacial forest steppe
(400-650 mm); 8 = interglacial open woodland (600-700 mm); 9 = interglacial oak forest
(550-700 mm); 10 = interglacial hornbeam forests (700-800 mm); 11 = extraglacial spruce and
cembra pine-spruce forests (up to 800 mm); 12 = oligo- and polydominant broad-leaved forests
under interglacial temperate climate (up to 1500 mm); 13 = polydominant broad-leaved forests
under interglacial subtropical climate (>1500 mm)
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sumed greater importance first at the cryoxerotic substage of the Dnieper ice age, and
later at the same stage of the Valdai glaciation; the vegetation at those stages bore
evidence of periglacial phytocoenoses. Dominance of forest landscapes in the region
has been established with certainty for five intervals. At the Muchkap interglacial
broad-leaved polydominant and oligodominant forests prevailed with a considerable
share of subtropical species. Broad-leaved forests, mesophytic or xerophytic to a dif-
ferent degree, occupied the Middle Kuma basin during the Chekalin, Cherepet’, and
Mikulino interglacials. Forests of spruce and Siberian cedar pine dominated the ter-
ritory at individual phases of the cryohygrotic stage of the Kaluga glaciation. The five
“forest" periods mentioned above are assumed to correspond to the maximum levels
of the Caspian Sea during the Pleistocene.

Automorphic fossil soils of the eastern part of the Caucasus piedmont were
formed during interglacials, interstadials and cryohygrotic stages of ice ages, while
loess horizons developed during glacial epochs, as well as at thermoxerotic stages
and endothermic coolings of interglacials. Taphonomic and ecological-coenotic char-
acteristics of the studied palynofloras confirmed conclusion of many researchers about
primarily eolian origin of the terrigenous loess material on the Terek-Kuma Lowland.

Conclusions

1 The LPF development on the Russian Plain comprises 17 paleogeograph-
ic stages (9 interglacials and 8 glacial epochs between them). Climatic rhythms re-
constructed on the basis of palynological studies of the most representative sections
within glacial-periglacial and extraglacial zones were compared with paleomagnetic
data from the same sections obtained by M.A. Pevzner, S.S. Faustov, A.N. Tretyak
and others. It appeared that the Brunhes epoch of normal polarity spanned 8 inter-
glacial and 7 intervening glacial climatic rhythms. The Matuyama/Brunhes reversal
is located at the base of the Gremyach’e (= Westerhoven) interglacial (see Figs 4, 5).

2. Smaller climate-stratigraphic units are identified within climatic rhythms
of the glacial and interglacial levels: those are endothermal coolings, thermoxerotic
and thermohygrotic stages and substages of interglacial climatic rhythms; stadials,
interstadials, interphasials. cryohygrotic and cryoxerotic stages and substages of gla-
cial climatic rhythms. Endothermals have been identified in a majority of intergla-
cials. The Gremyach’e. Muchkap. Likhvin s.stn, Chekalin and Cherepet’ interglacials
featured one endothermal each, separating thermoxerotic and thermohygrotic stages
of the interglacial in concern (Figs 3-5); in loess-paleosol formation of the Mikulino
interglacial two endothermals were recorded, one between the stages of this rhythm,
and another one in the first half of the interglacial (Figs 2-5). The most complicated
pattern of climatic rhythms has been reconstructed for four glacial stages of the LPF
development: the Valdai stage features 10 stadial intervals. 9 intersLadials and sever-
al interphasials; the Dnieper glacial rhythm is divided by a prolonged (Odintsovo?)
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interstadial into two (Dnieper and Moscow) stages, with Early Dnieper and Late Mos-
cow interstadials within them (Fig. 3)\ deposits of the Don and Kaluga glacial stages
have been found to contain one interstadial each (Figs 3 and 4).

3. The cold stages of longest duration in the LPF formation, marked by the
expansion of ice sheets, were undoubtedly the Don glacial epoch, both stages (Dnieper
and Moscow ones) of the Dnieper glaciation, and the Valdai glaciation. It is strongly
suggested by the composition of periglacial and glacial palynofloras and reconstructed
phytocoenoses, as well as by thickness of periglacial and glacial deposits, the
presence of prolonged interstadials and distinct regular alternation of stages and sub-
stages within climatic rhythms.

The reconstructions indicate a wide expansion of periglacial tundras and for-
est tundras in the central regions of the Russian Plain, and dominance of periglacial
steppes and forest steppes (less frequently - tundra-forest steppes) in the south; they
also suggest a considerable complexity of succession processes in the evolution of
phytocoenoses. Ice sheets probably covered the north of the Russian Plain during all
the cold stages, and occasionally penetrated the central regions of the plain. Several
cold stages in the LPF development Pokrovka, Devitsa, Kaluga and Zhizdra - which
cannot be reliably correlated with till horizons on the Russian Plain resembled closely
the Don, Dnieper and Valdai glaciations in the scale of climatic changes and regard-
ing transformation of ecosystems.

4. The results of detailed studies of an almost continuous succession series
of the Pleistocene interglacial and periglacial floras made necessary to revise the con-
clusion drawn by V.P. Grichuk (1989) who considered impossible a paleogeogra-
phic situation when on the whole territory of extra-tropical Eurasia an interglacial
characterised by a flora poor in exotic elements preceded another interglacial with
richer flora. A comparison has been made between series of palynofloras recovered
from most complete, almost continuous Pleistocene sequences in the glacial-
periglacial and extraglacial loess regions. It appeared that even though the process
of depletion of exotic elements in interglacial floras had been undoubtedly in progress
throughout the Cenozoic, it was interrupted occasionally during the Early and Mid-
dle Pleistocene by the appearance of floras marked by more diverse composition (at
levels of species and genera) and richer in Neogene relicts as compared with preced-
ing interglacials. A thorough analysis of the LPF sections in the extreme south-east
of the East European loess province (in the middle reaches of the Kuma river) revealed
that older interglacial floras - Gremyach’e (= Early llyinka) and Semiluki (= Late
llyinka) - include less Neogene relicts and less taxa altogether than the younger
Muchkap warm flora: in the Gremyach’e flora there are less than 50 taxa, amoug them
Nedrus sp.. Picea s. Omorica, Betula s. Costatae, Fagus orientalis, Quercus robur.
Q petraea, Q. castaneifolia, Q. ilex. Carpinus caucasicci, C. betulus, C. orientcdis,
Ostrya cfi carpinifolia, Corylus columa, Tilia platyphyllos, T. tomentosa, T. cordata,
Moms sp. and others, while the Muchkap flora contains 90 taxa, including Tsuga
canadensis, Cedrus, Pinus s. Cembra, Pterocaryapterocarpa, Carya, Juglans cinerea,
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J. regia, Liquidambar, Castanea, Celtis, llex aquifolium, Fagus orientalis, F. sylvatica,
Carpinus caucasica, C. betulus, C. orientalis, Hedera, Kalonymus, Staphylea,
Daphne, Rhododendron, Osmunda regalis, O. claytoniana, O. cinnamomea and many
others. By contrast, within the present-day forest zone (the Upper Oka region) the
younger Likhvin (= Holstein) flora is by far richer than the Muchkap
(= Belovezhsk) one in practically every index. The analysis of quantitative and
qualitative changes of palynofloras within the East European loess province strong-
ly suggests a progressive depletion of Neogene relicts in the Pleistocene interglacial
floras along with reduction of the taxa number since the Likhvin s.str. interglacial in
the loess regions within the limits of the modern forest zone, while in the present-
day steppe and forest steppe these processes began in the Muchkap interglacial.
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