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for all warm and cold periods of the Neopleistocene (i.e. Middle and Late
Pleistocene) were carried out by the author on the basis of detailed pollen analysis
and multidisciplinary (lithological, paleopedological, microtheriological and
others) investigations of reference sediment sections of the main loess stratigraphic
regions. These are the long Likhvin (Chekalin) sequence in the upper Oka region,
the long Strelitsa sequence in the upper Don region, the Molodova, Kishlyansky
Yar and Ketrosy sections in the middle Dniester region, the Arapovichi section in
the middle Desna region, and the long Otkaznoye sequence in the middle Kuma
region (Bolikhovskaya, 1984, 1995, 2004 etc.; Bolikhovskaya, Molodkov, 2006;
Bolikhovskaya et al., 2016).

Results. Obtaining a representative palynological data for long sediment
sequences in the Likhvin, Strelitsa, Otkaznoye and other sections, including loess
horizons and fossil soils, was very time-consuming process. Investigations carried
out for many decades have provided pollen records for the entire sequence, i.e. of
not only lacustrine, alluvial, and fluvioglacial formations, but also subaeral loess
and soil horizons of these sections.

Northern Middle-Russian glacial-periglacial loess region occupies the
north of the Central Russian Upland within the limits of the Dnieper (corresponds
to MIS 6, Saale) glaciation. The composition and structure of the Quaternary
sediments are most fully represented in the Likhvin section near Chekalin (54°08;
N and 36°17j E). A 50 meters thick sequence of loess, paleosoils, tills and glacio-
lacustrine, alluvial, lacustrine and bog sediments is exposed in a scarp 2 km long
extending along the Oka River or in nearby pits and boreholes. A majority of
paleogeographic events of the Neopleistocene are recorded in the sequence.

A comprehensive layer-by-layer spore-and-pollen characteristic of the whole
sequence allowed us to carry out its detailed subdivision and made it possible to
reconstruct the environmental events of six glacial periods (Don, Oka, Kaluga,
Zhizdra, Dnieper, Valdai) and six interglacials (Muchkap, Likhvin, Chekalin,
Cherepet’, Mikulino, and the Holocene). They are presented either as complete
climatic rhythms of glacial and interglacial rank, or by a considerable portions of
climatic-phytocoenotic phases.

The Upper Don glacial-periglacial loess region is situated within the Don
(= Helmian) moraine spreading. The Middle and Late Pleistocene deposits are
presented here almost completely in the Strelitsa section (51°35j N and 30°00j E).
Detailed reconstructions of paleoenvironments and climates of 8 interglacials and 7
glacials of the Brunhes chron were obtained by us on the base of pollen records of
the whole sequence of subaerial, lacustrine, and fluvioglacial deposits underlying
and overlying here the Don glaciation till (corresponds to MIS 16).

The extraglacial loess region of the East Caucasian piedmonts is one of
the most remote from the glaciated areas of the Russian Plain. The loess-soil series
reach here the maximum thickness in the entire European subcontinent. Using data
obtained from studies of paleomagnetism, paleosoils, small mammals as well as
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palynological records of a 140-meter sequence of Pleistocene deposits near the
Otkaznoye Village (44°20j N and 43°50i E), we reconstructed the climates and
environments for all 15 climatochrons of the Brunhes epoch of normal polarity.
Comparison of floristic, phytocoenotic and climatic successions reconstructed for
all stages of the Otkaznoye LPF development with the results of lithologic and
paleopedologic analyses of the exposed deposits revealed that boundaries of glacial
and interglacial rhythms in most cases do not coincide with boundaries between
the loesses and fossil soils.

The Late Pleistocene loess-palaeosol horizons have been studied in
particular detail in two regions. The first — the Middle Desna glacial-periglacial
loess region — is located in the north-eastern part of the Dnieper Lowland once
covered by the Dnieper (=Saalian) ice sheet. There is 14 m sequence of the Late
Pleistocene loess and palaeosols exposed in the Arapovichi section (right bank of
the Desna River, 12 km south-west of the city of Novgorod-Seversky). Pollen
assemblages recovered from the series characterise successions of vegetation and
climate of the Mikulino (=Eemian) Interglacial and of the majority of the Valdai
(Weichselian) interstadials and stadials.

The extraglacial Middle Near Dniester loess region. In the extraglacial
zone of the South-West part of the East European Plain a detailed
climatostratigraphical subdivision of the Late Pleistocene loess-paleosol formation
and palaeoenvironmental reconstructions have been performed for the Molodova I,
Kishlyansky Yar, Ketrosy, etc. sequences situated in the middle reaches of the
Dniester River. The most representative Late Pleistocene series are exposed in
sections of the second terrace of the Dniester River composed of 10 m alluvial
sediments and loess-like eolian-deluvial formation more than 25 m thick; the latter
contains 8 palaeosols. Palynological analysis of these sections allowed to describe
Mikulino interglacial and 19 Valdai stages (9 interstadials and 10 stadials) in
evolution of flora, vegetation, and climate in studied loess region.

The reconstructions indicate the dominance of the periglacial steppes and
forest-steppes in the loess regions of the Russian Plain during the majority of the
cryoxerotic Valdai intervals. However in the cryohygrotic stages and substages
most part of this territory was covered by the periglacial tundras, forest-tundras,
tundra-steppes and tundra-forest-steppes. The only exception was the extraglacial
region of the East Caucasian piedmonts which is characterised by the dominance
of the periglacial forest-steppes during the cryohygrotic stage of the Valdai period
and the development of periglacial semi-deserts during the cryoxerotic stage.

Conclusions. It has been established that the period of the LPF development
on the East European Plain comprises 17 paleogeographic stages (9 interglacials
and 8 glacials between them) — Petropavlovka interglacial (correlated with Marine
Isotope Stage 21, Interglacial I, Waardenburg), Pokrovka cooling (MIS 20, Glacial
A), Gremyachye interglacial (MIS 19, Interglacial IlI, Westerhoven), Devitsa
cooling (MIS 18, Glacial B, Unstrutian), Semiluki interglacial (MIS 19,
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Interglacial 111, Rosmalen), Don glacial (MIS 16, Glacial C), Muchkap interglacial
(MIS 15-(?)13, Interglacial 1V, Noordbergum), Oka glacial (MIS 12, Elsterian),
Likhvin s.str. interglacial (MIS 11, Holsteinian), Kaluga glacial (MIS 10),
Chekalin interglacial (MIS 9, Domnitz), Zhizdra cooling (MIS 8), Cherepet’
interglacial (MIS 7), Dnieper glacial (MIS 6, Saalian), Mikulino interglacial
(Eemian), Valdai glacial (Weichselian) and the continuing Holocene interglacial.
Smaller climate-stratigraphic units are identified within the glacials and
interglacials: those are endothermal coolings (cold spells), thermoxerotic and
thermohygrotic stages and substages of interglacial climatic rhythms; stadials,
interstadials, interphasials, cryohygrotic and cryoxerotic stages and substages of
glacial climatic rhythms. Endothermal coolings have been identified in a majority
of interglacials.

As is evident from the pollen data, fossil soils of the Central glacial-
periglacial loess regions (Likhvin section in the Upper Oka River region and
Strelitsa section in the Upper Don River region) developed in interglacial and
interstadial climate; some of the soils were formed under stenoperiglacial
conditions corresponding to glacial stages of glacial epochs. Loess horizons in
these regions were formed in the glacial climate only.

Whereas in the south of the East European LPF province (Molodova,
Kishlyansky Yar and Ketrosy sections in the Middle Dniester River region,
Arapovichi section in the Middle Desna River region, and Otkaznoye section in the
Middle Kuma River region, and others), the loess horizons were formed during all
the stages of glacials, including interstadials and interphasial warmings, as well as
during thermoxerotic stages and endothermal coolings of interglacials. Paleosoils
developed there at all stages of interglacials, and also during interstadial and
interphasial warmings and cryohygrotic stages of the glacials.

Acknowledgments. This paper is a contribution to GM Project on theme
“Paleoclimates, the natural environment development and long-term prediction of
the environmental change” and Russian Science Foundation (Project No 16-17-
10103).
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LOESS LUMINESCENCE CHRONOLOGIES: RECENT
DEVELOPMENTS

Buylaert, J.-P.}?

! Nordic Laboratory for Luminescence Dating, Department of Geoscience, Aarhus
University, Risg Campus, DK-4000, Roskilde, Denmark
2 Center for Nuclear Technologies, Technical University of Denmark, DTU Risg
Campus, Denmark

Luminescence dating is a trapped charge dating technique that determines
the last time sediment grains were transported by wind, water or ice. Already in the
early development days of the luminescence technique in the 1980s, it was applied
to loess because of the ideal bleaching conditions during aeolian transport (see
Wintle (1990) for a review on TL dating). Since the discovery of optically
stimulated luminescence (OSL) and especially the single-aliquot regenerative-dose
(SAR) measurement procedure applied to quartz both the accuracy and precision of
loess ages have improved; this has led to the first high-resolution independent loess
chronologies for the past 40-50 ka (see review by Roberts, 2008). In the past
decade much effort has gone into extending the age range of luminescence dating,
especially using feldspar post-IR IRSL signals. Using feldspar it is now possible to
date back in loess over the past two glacial-interglacial cycles (~200 ka) (e.g.
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Stevens et al., 2018) which has opened up the possibility to derive independent
numerical chronologies for loess beyond the *C timescale.

In this presentation | will briefly outline the principles of the luminescence
dating technique and discuss important factors that influence quartz and feldspar
luminescence ages. A number of suggestions/recommendations to check the
quality of the results in the literature will be made. Finally, some recent literature
examples of high-resolution loess chronologies will be discussed.
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CHINESE LOESS AND THE ASIAN MONSOON: A 30-YEAR STUDY
Huayu Lu

School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China
huayulu@nju.edu.cn

Chinese loess deposition and Asian monsoon variations have been widely
studied ever since the first papers on this subject was published in late 1980s. In
this presentation, | will review the research progress on Chinese loess and the
Asian monsoon, and focus in particular on the resolved and unresolved questions
addressed over the past thirty years, as well as give an outlook on possible key
topics in future research.

PRE-QUATERNARY DECOUPLING BETWEEN ASIAN ARIDIFICATION
AND HIGH DUST ACCUMULATION RATES

Junsheng Nie', Alex Pullen?, Carmala N. Garzione®
Wenbin Peng', Zhao Wang*

! Key Laboratory of Western China’s Environmental Systems (Ministry of Education),
College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000,
China
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2 Department of Environmental Engineering and Earth Sciences, Clemson University,
Clemson, SC 29634, USA
3 Department of Earth and Environmental Sciences, University of Rochester, Rochester,
New York 14627, USA

Theories of late Cenozoic climate cooling assume that central Asian
aridification and high dust accumulation rates in the Chinese Loess Plateau and the
North Pacific Ocean are genetically related. Based on detailed sediment
provenance analysis, we show that high dust accumulation rates in the Chinese
Loess Plateau and the North Pacific Ocean during the late Miocene-Pliocene were
mainly caused by increased erosion in the Qilian Mountains and low elevation
eastern Asia areas, driven by the effects of East Asian summer monsoon
intensification. We conclude that precipitation-driven erosion increased dust input
to the North Pacific Ocean and may have played a pivotal role in late Cenozoic
climate cooling.

STRATIGRAPHY AND PALAEOECOLOGY OF THE CLASSIC LATE
NEOGENE “HIPPARION” FAUNAS FROM THE AEOLIAN BAODE RED
CLAY, SHANXI PROVINCE, CHINA

Kaakinen A.

Department of Geosciences, University of Helsinki, Finland
anu.kaakinen@helsinki.fi

In the Chinese Loess Plateau, the well-developed, fossil-rich Hipparion Red
Clay provides a unique terrestrial record for the exploration of past environmental
changes. Baode on the Yellow River in northern Shanxi Province is a classical
locality for Hipparion faunas, and has provided much of the Chinese mammalian
fossil material stored and displayed in museums. Much of the material from these
localities were collected during the extended field campaigns in the 1920’s.

Using the old map published by Zdansky (1923), several of the old Baode
localities have now been relocated in the field and it has become possible to place
the rich fossil collection precisely into the composite stratigraphy. This talk
synthesises results of the stratigraphy, sedimentology, isotope and fossil tooth
derived proxies and shows how they contribute to the understanding the
palaeoenvironments of the late Neogene Red Clays in China.
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EURASIAN LOESS STRATIGRAPHY: FROM LOCAL
NOMENCLATURES TO A CONTINENTAL MODEL

Markovié, S.B. ', Stevens, T. 2, Hambach, U.>, Hao, Q.Z.%, Gavrilov, M.B. *

YUniversity of Novi Sad, Novi Sad, Serbia
slobodan.markovic@dgt.uns.ac.rs and gavrilov.milivoj@gmail.com
2 Uppsala University, Uppsala, Sweden
thomas.stevens@geo.uu.se
3 University of Bayreuth, Bayreuth, Germany
ulrich.hambach@uni-bayreuth.de
% Institute of Geology and Geophyscs CAS, Beijing, China
haogz@mail.iggcas.ac.cn

Keywords: Eurasia, loess, palaeosol, Pleistocene, stratigraphy.

Eurasian loess—palaeosol sequences contain some of the longest and most
complete global continental climate records, covering more than the last million
years. However, the very size of the Eurasian loess belt and the large number of
countries it covers also presents a major limiting factor in developing a unified
approach that enables continental scale analysis of the deposits. Local loess—
palaeosol stratigraphic schemes have been defined separately in different countries
and the difficulties in correlating such schemes, which often change significantly
with advances in age-dating, have limited the number of continent-wide studies.

The correlation of loess sequences across global, hemispheric, regional and
local scales is one of the most fundamental aspects to loess research. Recent
progress in stratigraphic and chronometric methods opens up possibilities for
detailed temporal and spatial environmental reconstructions across the huge loess
provinces of Eurasia. However, the correlation of many loess sequences is often
still based on untested assumptions over loess deposition, preservation, soil type
and age.

In this study we present a detailed comparison between the sedimentological
and palaeoclimatic records preserved in European loess deposits from the Danube
Basin and Chinese Loess Plateau, alongside the oxygen isotope records from deep-
sea sediments and classic European Pleistocene stratigraphic subdivisions. The
hierarchy of European stratigraphic units is determined by climatically controlled
environmental shifts, in a similar way to the Chinese loess stratigraphic scheme.
The recent unified European loess stratigraphic model has a number of advantages,
including preventing confusion resulting from the use of multiple national
schemes, a more transparent basis, and the potential to set Pleistocene
palaeoenvironmental changes into a global context.

The use of a very simple labelling system based on the well-established
Chinese loess scheme facilitates interpretation of palaeoenvironmental information
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reported from the European loess sites in a wider more accessible context that can
be readily correlated world-wide. This stratigraphic approach also allows for the
development of an integrated, Eurasian loess stratigraphic scheme. Application of
this stratigraphic model is optimal on interglacial/glacial timescales. More
problematic is the development of accurate sub-millennial scale loess correlations.
However, recent improvements in tephrochronology, 14C and luminescence dating
techniques suggest that such correlations are within reach.

POLYGENETIC MODELS FOR LOESSIC PALEOSOLS: THE CLUE TO
THEIR CORRELATION AND PALEOENVIRONMENTAL
INTERPRETATION

Sedov, S.%, Terhorst, B.?, Sprafke T.?

! Instituto de Geologia, Universidad Nacional Autonoma de México, D.F., Mexico
'serg_sedov@yahoo.com
? Institute of Geography and Geology, University of Wiirzburg, Germany
2 birgit.terhorst@uni-wuerzburg.de

Keywords: buried paleosols, loess-paleosol sequences, pedogenetic processes,
polygenesis.

Since the detailed and reliable correlation of the loess-paleosol sequences
(LPS) and marine isotope curve was established it has been widely accepted that
buried soils of these sequences provide a record of the warm stages of the
Pleistocene climatic cycles (Bronger et al. 1998). In most earlier works (especially
those focused on the rock magnetic properties as paleoecological proxy) each
paleosol level was interpreted as a product of monophase soil development — the
signal of the single paleoclimatic phase. Following the concept “palimpsest type of
soil memory” (Targulian & Goryachkin 2004) we argue that very common (if not
the dominant) is the scenario when one paleosol unit integrates the results of two
or more of different pedogenetic phases indicative of alternation of different
environmental settings. We further speculate that these polygenetic models are
applicable both to the mature interglacial as well as poorly developed interstadial
paleosols. To reconstruct the phases of development a multi-scale approach is
required that integrates qualitative to semi-quantitative analyses from the landscape
to the (sub-)microscopic scale.

The former type localities of Quaternary stratigraphy in Lower Austria are
key sites to understand polygenetic paleosols, due to high dust accumulation rates,
moderate weathering and slope positions of the loess-paleosol sequences. The early
Middle Pleistocene KR4 paleosol of Krems-SchieB3stétte, located just above the
Matuyama-Brunhes boundary represents multiple phases of pedogenesis
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interrupted by colluvial processes, correlating to up to three warm stages and
intervening cold periods defined in the marine oxygen isotope records (Sprafke
2016). We suppose that this strongly developed paleosol unit could be considered
as the paleopedological proxy for the Mid Pleistocene Transition until now
documented predominantly by the marine sedimentary archives.

The upper pedocomplex of the LPS Paudorf (the “Paudorf soil”) represents a
pedocomplex correlative to the MIS 5 (Sprafke et al. 2014). During the last
interglacial a Cambisol formed under forest by complete decalcification, oxidation
and clay formation. At the onset of the last glacial period, this soil was subjected to
cryogenic processes and reworking, together with an admixture of calcareaous
aeolian dust. Early glacial pedogenesis in a steppe environment led to the
development of a thick humic horizon that was not completely decalcified.

Recently the MIS 3 paleosols have drawn increasing attention as a proxy for
reconstruction of paleoenvironments of the initial modern humans dispersal in
Eurasia. The paleosol units corresponding to the “Middle Pleniglacial” comprise a
prominent element of the profiles within the Eurasian Loess Belt from Western
Europe to Siberia. The most detailed Late Pleistocene loessic sections demonstrate
multiple events of pedogenesis, possibly correlative with the Greenland
paleoclimate record. However, in a number of profiles the MIS3 paleosol unit is
presented by one paleosol, earlier interpreted as a single event of pedogenesis. We
demonstrate that these paleosols can have a polygenetic profile with at least two
phases of pedogenesis separated by a phase of geomorphic activity (Terhorst et al.
2015). In the classic site Stillfried B in Lower Austria the MIS3 paleosol is
presented by a brown Cambisol Bw horizon embedded in loess. Detailed
morphological analysis on macro- to microscale allowed do detect the following
phases of soil development: 1) formation of leached weathered reddish Cambic
horizon enriched in clay and ferruginous pigment, underlain by Calcic (carbonate-
illuvial) horizon with abundant and variable calcitic pedofeatures 2) development
of AC horizon with granular — lenticular cryogenic and biogenic microstructure
and frequent biogenic carbonate concentrations (earthworm casts, terrestrial
mollusk shells). These pedogenetic phases were interrupted by the period of
geomorphic activity when the Cambic horizon was destroyed and mixed with
loess. In the resulting paleosol profile it is present only in the form of redeposited
clasts. According to the available instrumental datings we attribute the last phase of
Stillfried B formation to Greenland Interstadial 3. However the evidences of
polygenetic pedogenesis lead to the supposition that this pedocomplex integrates
the results of soil formation during several Greenland Interstadials along the
second half of MIS3.
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COUPLED EUROPEAN AND GREENLAND LAST GLACIAL DUST
ACTIVITY DRIVEN BY NORTH ATLANTIC CLIMATE

Ujvari, G.**, Stevens, T.2, Molndr, M.°, Demény, A.*, Varga, Gy.", Lambert, F.,
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Centennial-scale mineral dust peaks in last glacial Greenland ice-cores
match the timing of lowest Greenland temperatures yet little is known of
equivalent changes in dust emitting regions, limiting our understanding of dust-
climate interaction. Here we present the most detailed and precise age model for
European loess-dust deposits to date, based on 125 AMS 14C ages from
Dunaszekcsd, Hungary. The record shows that variations in glacial dust deposition
variability on centennial/millennial timescales in East Central Europe and
Greenland were synchronous within uncertainty. We suggest that precipitation and
atmospheric circulation changes were likely the major influences on European
glacial dust activity and propose that European dust emissions were modulated by
dominant phases of the North Atlantic Oscillation, which had a major influence on
vegetation and local climate of European dust source regions.

This work was published in PNAS (Ujvari et al., 2017).

This study was funded by the Hungarian National Research, Development
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New materials on paleogeography of the Caspian Sea during the late
Pleistocene are received as a result of complex researches: (1) the thickness of the
upper Pleistocene deposits opened with engineering-geological boreholes during
the petrosearch works of the Lukoil Company in the Northern Caspian Sea; (2) the
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basic sections of the Pleistocene deposits of the Lower Volga area. The materials
supplemented and made more specific our knowledge of the Caspian Sea history
through the entire Late Pleistocene and provided fresh insight into the significance
of global climatic changes (warmings and coolings of various amplitude) for the
Caspian evolution.

In the history of the Caspian Sea the beginning of the late Pleistocene (MIS
5) is marked by the Late Khazarian transgressive epoch. According to drilling data,
it proceeded in two stages known as Late Khazarian and Hyrcanian ones. The
transgressive Late Khazarian basin was warm, its level standing at about -10 m asl.
The malacofauna composition and characteristics, as well as palynological data
obtained on the Upper Khazarian core samples, strongly suggest relatively warm
temperature of its water. The Hyrcanian transgressive basin was also warm-water,
as suggested by the presence of Corbicula fluminalis. The pollen assemblages
point to somewhat cooler and more humid climate (Sorokin et al., 2018).
Attribution of the two transgressive events in the Caspian Sea history to MIS 5 is
confirmed by dating the Late Khazarian stage at 127-122 ka BP, while
chronological boundaries of the entire Late Khazarian epoch are taken as 127 to 76
ka BP (Dolukhanov et al., 2009). Along the entire length of the Manych depression
the Karangatian series are overlain with Hyrcanian deposits with fauna typical of
that basin and indicative of the Caspian (Hyrcanian) water outflowing into the
Black Sea basin. The Hyrcanian deposits have age about 107 ka BP (Kurbanov et
al., 2018). The event happened at the transition from warm to cold (glacial) epoch.

As the maximum cooling approached (MIS 4) and the climate became cold
and dry, the Hyrcanian basin was shrinking. That is evidenced by traces of linear
erosion and regressive series of the Atelian deposits clearly seen in seismic profiles
and in the drilling cores. Radiocarbon dates obtained on the upper part of the
Atelian deposits infilling the older erosional landforms strongly suggest them to
have been deposited at the first half of the interstadial warming (MIS 3). Some
corroborative data were obtained by OSL dating of the upper part of the Atelian
series in the Srednyaya Akhtuba section (Yanina et al., 2017). At the base of the
series there are well pronounced cryoturbations and ice wedge pseudomorphs
which penetrate deeply into the underlying series of paleosols attributed to MIS 5.
The pollen assemblages of definitely periglacial character recovered from the
Atelian deposits from cores (Bolikhovskaya et al., 2017). So, the Atelian
regression may be correlated with the first maximum of the Valday glaciation
(MIS 4) and with the beginning of the MIS 3 interglacial warming. The onset of
the global warming of interstadial rank resulted in a certain increase of the positive
constituent of the Caspian water balance both due to increasing runoff from the
drainage basin and to changes in rainfall-evaporation regime over the water area.
Those changes brought about the first stage of the Khvalynian transgression
recorded in the borehole sequences as deposits of a relatively warm marine basin.
Radiocarbon dates support the attribution of that event to MIS 3 interval. The

16



INVITED PLENARY TALKS

LGM (MIS 2) was marked by exceedingly cold and dry environments, hardly
favorable for a transgressive regime of the Caspian. Lowering of its level may be
inferred from the structure of the Khvalynian series (Yanina et al., 2018).
Radiocarbon dates obtained for deposits adjoining Khvalynian ones provide
support for their attribution to MIS 2 interval.

The first phase of the transgressive changes is evidently recorded in the
structure of the Khvalynian deposits, it being dated at about 19 ka BP. A transition
to an active transgressive regime after a short-term fall of sea level was marked by
erosion clearly seen at the base of the overlying clayey series (Yanina et al., 2018).
The sea level fall seemingly corresponds to a sharp cooling and increase in the
climate continentality known as Oldest Dryas. The warmer intervals Belling and
Allerad corresponded to the next transgressive stage of the Khvalynian basin. In
the sedimentary sequence the stage corresponds to the clay series, as is confirmed
by numerous radiocarbon dates obtained on mollusk shells. A series of so called
“chocolate” clays was accumulating in the Volga estuary and in depressions of pre-
Khvalynian relief, presumably due to active thawing of permafrost and a great
mass of fine material brought by rivers. A high rate of accumulation together with
a considerable concentration of suspended materials account for the absence of
mollusk fauna in the clays. The deposits of that transgressive stage are widely
distributed in the coastal zone. The dates obtained using radiocarbon, thorium-—
uranium and OSL methods are close to each other.

A remarkable cold climatic event Younger Dryas in the Caspian history
corresponds to a regressive stage, presumably due to a considerably reduced river
discharge. In the Upper Pleistocene sequences in the Northern Caspian the sea
level drop was marked by deposition of a sandy layer. The very first dramatic
warming of climate resulted in a high stand of the Caspian level — the last stage of
the Khvalynian transgression. The presence of mollusks in abundance, and their
larger and more massive shells resulted probably from higher water temperature as
compared with that in the Early Khvalynian basin. The regressive trend began to
develop against the background of increasingly dry climate in the region, as is
apparent from the pollen assemblages (Bolikhovskaya, Kasimov, 2010). In the
borehole cores the climatic changes are recorded by deposition of deltaic sediments
and later by formation of depressions deepened into Khvalynian deposits and filled
with freshwater sediments. This stage is known as the Mangyshlakian regression
dated to the Boreal period of the Holocene.

The investigation is executed in frame of the RSF Project No 16-17-10103.
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Loess sequences are regarded as one of the key terrestrial climate archives.
Their completeness, time span, spatial coverage as well as resolution, allow for
detailed investigations into past climatic and environmental changes. However
single sites, often without absolute chronological controls, are frequently
extrapolated to represent regional conditions. Furthermore, attempts are made to
match sites across different regions and fit these with global climatic archives. This
relies on the assumption that the sites experience and respond to changes
synchronously. However, a few studies (c.f. Fitzsimmons et al., 2012) have already
shown that climate has varied greatly across seemingly uniform regions and
sedimentary basins.

Here we present the results of a multi-proxy examination of two nearby (less
than 2 kilometers apart) loess-paleosol sequences in northern Bulgaria. These sites
differ from the late Quaternary sites in the lower Danube, less than 100 kilometers
away. More importantly they are markedly different from each other. We present
the results of magnetic susceptibility, grain size, luminescence dating, and
tephrochronology to show that these sites experienced particularly high
sedimentation rates towards the end of the Last Glacial Maximum. The level of
sediment accumulation during this period is almost equivalent to a full glacial-
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interglacial cycle recorded at sites further downstream, again highlighting the
differences of the upper reaches of the Lower Danube. Finally, we present
provenance as a new tool to help understand and reconcile complex sedimentary
histories. We use the results of the U-Pb dating and Hf isotopes in zircon grains
combined with sedimentological analysis to show that the two sites experienced
different depositional histories. We suggest that investigations from single sites
without consideration of the role of other environmental and climatic factors (e.g.
sediment provenance, sediment availability at the source region, fluvial activity,
regional climate) should be regarded with caution.
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The evolution and forcing mechanisms of the East Asian winter monsoon
during the late Cenozoic are unclear, largely because appropriate proxy indicators
for reconstructing variations in this long-established wind system are lacking. In
this study, we used a compilation of detailed zircon U-Pb age spectra of a
continuous eolian sedimentary sequence in the southern Chinese Loess Plateau to
reveal changes in dust provenance, which are closely associated with the evolution
of the East Asian winter Monsoon (EAWM). The detrital zircon dating results for
the 27 analyzed levels with detailed age constraints indicate that the EAWM
strengthened stepwise at ~7.2 Ma, ~2.6 Ma, 1.2-0.9 Ma and at the Last Glacial
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Maximum. These changes are synchronous with global cooling and ice cover
expansion in the Northern Hemisphere. Our reconstruction of the dust provenance
and wind strength suggests that the strengthening of the East Asian winter
monsoon was probably driven by global cooling, which caused an increasing
temperature gradient between the North Pole and the tropics, resulting in
outflowing anticyclonic winds. The growth of Himalayan-Tibetan Plateau has less
impact on the stepwise EAWM evolution since the late Miocene.
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Introduction. The Lower Volga region of Russia is characterized by the
alternating influence of both marine and continental environments, with distinct
preserved sediment deposits. However, the continental sedimentary material in the
area has gained very little research attention compared to the under- and overlying
marine deposits. As a result the area has never been characterized as a classic loess
region even though many Russian as well as international researchers agree on the
appearance of abundant loess material in the continental deposits. A key obstacle
to loess research in the Lower Volga region is the contrasting definitions of the
loess and its formation, particularly whether loess is a wind-blown or in situ
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formed material. As such, prior to undertaking extensive climate or dust research
on the Lower Volga loess, it is crucial to test the formation and origin of these
deposits. This information can also elucidate which environmental factors
controlled the evolution of the different depositional environments in the region,
helping to address multiple research questions, including Caspian Sea level
fluctuations, Volga river dynamics and not least regional dust dynamics and
atmospheric conditions during the Quaternary. As such, the aim of this work is to
test whether the loess material can be defined as windblown and essentially non-
reworked by fluvial or slope processes. To do so multiple techniques and
approaches are combined.

Methods and Materials. Three natural outcrops of alternating marine and
continental stratification in the wetlands of the Volga-Akhtuba province are
studied here; Srednaya Akhtuba, Leninsk and Raigorod. With special emphasis on
the apparent loess units, a detailed investigation of all exposed material is carried
out in order to address the material properties, provenance and age. Grain size and
multiple types of magnetic susceptibility analyses (frequency dependent,
temperature dependent, phase dependent and its anisotropy) were applied using an
Agico MFK1-FA Kappabridge instrument. Bulk sediment geochemical
investigations were carried out via XRF, while single zircon and rutile grains
recovered from the loess and potential source material were analysed for U-Pb age.

Results and Discussions. Magnetic susceptibility values provide a clear
differentiation between the single lithologies of a section and a valuable evaluation
of their magnetic mineral content, allowing testing of whether the material is
detrital and dust source related or has been formed in situ as a result of weathering
processes. Anisotropy of magnetic susceptibility points towards a calm
sedimentation under slow current with the development of mostly oblate magnetic
fabric during deposition. The attempt to distinguish undisturbed and redeposited
loess points towards reworked air-fallen material. Initial U/Pb data support the
possibility of Lower VVolga loess being a potentially windblown sediment.

Work of R.N. Kurbanov and S.K Yarovaya was supported by the Russian Science
Foundation (16-17-10103)
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Laser diffractometry (LD) is now the standard for determining the particle
size characteristics of loess. Nonetheless, the small amount of sample used in the
analysis leads to a potential source of uncertainty and reduced replicability in the
data. Thus, users are challenged to thoroughly homogenize their samples prior to
analysis so that the small subsample analyzed contains a complete representation
of the particle sizes in the larger sample. To investigate this issue, each sample in
our soils and sediments library was analyzed on a Malvern Mastersizer a minimum
of two times, and the results statistically compared. Miller and Schaetzl (2012)
used a similar approach when they proposed a method for measuring the precision
of laser diffractometry. The quality control protocol they proposed requires that
the two measurements have a cumulative bin difference (CBD) less than the
established threshold for variability in the particle size data. They used data for
1,485 loess samples to establish these thresholds. We present additional
conclusions on the variability of particle size analysis by LD, based on a larger
library (2,366 samples) of replicate samples, the majority of which are loess, so as
to reassess expected measurement variability. Further, we examine the expanded
data set for a more specific assessment of precision.

Based on the expanded data set, the quality control threshold for cumulative
bin difference on a 101 bin reporting format was adjusted downward from 19.8%
to 18.6%. Although any type of sample could potentially pass this quality control
threshold with two runs, some sample types often require additional measurements
to increase confidence that the results are representative of the larger sample.
Additional runs tend to be required for samples with significantly more uniformity,
less kurtosis, and less silt. Although not statistically significant, we observed that
samples with larger mean weighted particle sizes, and especially those with more
medium and coarse sand, are more likely to require three or more runs to meet the
quality control threshold. These characteristics follow our previously observed and
published trend that the precision of LD particle size data for loess decreases with
increasing sand contents.

New to this study, we observed that texturally bimodal samples were
significantly more likely to need additional runs to meet the quality control
standard. Bimodal samples with high amounts of sediment in smaller particle sizes
had especially inconsistent LD results. Loess with small amounts of sand can lead
to situations where non-representative amounts of sand get included in the
analyzed subsample. And conversely, there exists a large chance that
representative amounts of sand get excluded from the subsample. Considering the
volume of a single coarse grain - as opposed to a single fine grain — the
inclusion/exclusion of a few sand grains can greatly impact volumetric percentage
results, especially if the offset is focused on another, highly uniform mode.
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We note that the issues we present may not affect most unimodal, “silt-rich”
loess samples; most of these samples are likely to meet these quality control
standards with the measurement of only two subsamples. Nonetheless, our new
results will provide researchers with better a priori knowledge of the uncertainty
that can be expected for particle size analysis by LD.
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Loess formations are loesses, loess-like rocks and related to them paleosoils
that form loess-soil complexes (LSC). Lithologically LSC correspond to
sedimentary-eolian cyclites. In which there are two stages: ascending, progressive
(sedimentation) and descending, regressive (weakening of the dynamic of the
environment, following erosion with a development of a horizon of paleosoils).

While studying loess deposits, it is necessary to apply rational classification
of small- and fine-grained rocks with taking into consideration the nomenclature of
sandstones, siltstones and clay rocks of mixed granulometric composition [Frolov,
1992]. Based on the results of detailed granulometric study made with use of a
laser-diffractional analyser of grains Malvern Mastersizer 3000 (more than 500
samples), loess rocks were attributed to aleurolite, rarely to clays and to their
transitional variations. There is permanent presence of sand (>0,05 mm) from
occasional grains (<1%) to first percents (1-10%), which is reflected in the name of
specific granulitic types of rocks of LSC. Microscopically they are weakly
cemented siltstones with different amount of clay component (from 7-10 to 35%),
with small admixture of sand material (<10%), with abundance of open pores due
to the presence of contact cementation (where grains are juxtaposed) and film-type
cementation of clay and clay-calcareous composition, sometimes weakly
ferruginized. Their cementation took place at diagenesis stage often with
following transformation during hypergenesis as a result of increasing humidity.
Rock-forming in them cannot serve as a partitive barrier between the weathering
and diagenesis processes, and from geological point of view they appear
simultaneously at different levels of the sequence.

In mineral composition of LSC following components are destinguished:
allothigenic, brought from outside (of quartz-silicate, alumosilicate and partially of

calcareous composition), and authigenic, formed in the place. Amongst newly
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formed components there are clay minerals and their mixed mineral phases, less
common zeolites, and also carbonates (calcite, dolomite), rarely sulphates
(gypsum), and partly sulfides and iron oxides (pyrite and goethite), and phosphates
(vivianite). The main component in allothigenic part of LSC is quartz, in a less
degree (in 2-3 times) Ca-Na and potassic feldspars, lesser clay minerals. By
content of quartz above 65% it is defined to be the typical loess of eolian (wind-
laid) genesis, and less than 65% - loess-like rocks which forming, to a grater or
lesser degree related to water. These loess-like layers of deluvial-proluvial,
alluvial, in deltas and of costal-marine origin, with following dispergation during
frost weathering (cryo-hypergenesis), with elevated amount of clay minerals in
them. In rocks of Loess-Soil Complexes the presence of crypto-piroclastics is
determined by relatively elevated content of smectite and mixed lattice minerals, of
quartz (>60%), of feldspare (>15%), of authigenic dolomite (>3%) and by
presence of chlorite. The main source of clastic material is the residual products of
cryo-hypergenesis of glacial and periglacial areas of northern, and in a less degree,
south-eastern territories of Eurasia, and very rarely the pyroclastic material brought
from areas of volcanic activity.

Based on the results of granulometric and mineralogic analyses there are
clayiness “granulometric” and clayiness “mineralogic” have been determined.
However, “granulometric clayiness” of rocks of LSC is higher by 2,4-28%,
comparing to the data of mineralogical analysis due to the presence of finely-
dispersed particles of carbonaceous, sulphate and other compositions, which was
pointed out by many researches.

CARBONATE CONTENT ANALYSIS OF LOESS-PALEOSOL DEPOSITS
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Introduction. The Leninsk section is located on the left side of the Lower
Volga valley, 5 km to the North of Leninsk town. The natural outcrop reveals thick
loess-paleosol sequence (up to 6 m) with 1 MIS-3 paleosol and two preserved
layers of MIS-5 pedogenesis. High-resolution sampling (continuously, every 2 cm)
allowed detailed analysis of carbonate content of the loess and paleosol sequence.
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Methodology. Samples were drained & triturated. Then one subsample (20-
30 g) was taken from each sample. These subsamples passed through 63 um sieve.
1 g <63 um faction of matter loaded into the reaction cell of the carbonatometer
KM-04M. 6% HCI piped in the cell. This acid dissolved carbonates in subsamples.
As a result, the carbon dioxide was produced that formed additional pressure. The
calcite & dolomite content were calculated by time-to-time variation & final level
of the additional pressure. The accuracy of measurement is 0,1 %.

Results. The site consists of 6 main layers. 1) modern (MIS 1) brown &
grey loess-loamy kastanozem (0,77 m); the upper horizons (above 0,53 m) have no
carbonates; the calcite content grows up to 5,7 % downward in the lower horizons.
2) marine Khvalinian (MIS 2) chocolate clays (5,94 m) with shells of brackish-
water molluscs. 3) Late Valdai (MIS 2) pale-yellow loess (0,42 m; calcite 7,6-9,5
%); the calcite content rapidly grows down to 2,2-3,2 % at the basal part. Probably,
the upper part of this layer was destroyed by the abrasion of Khvalinian Sea
waters. 4) low-developed Bryansk (MIS 3) yellow & grey (0,70 m) paleosol: the
calcite content changes from 2,8 to 9,3 % with 15-20 cm (3-5 % range) & 4-6 cm
(0,5-2 % range) oscillation cycles. 5) Early Valdai (MIS 4) pale-yellow loess (4,72
m). The calcite content is 5-10 % at average, 18,4 % at maximum, 0,9-2,2 % at
minimum (basal horizon). There is 100-120 cm (2-4 % range), 30-40 cm (1-2 %
range at the upper part, 2-3 % at the lower part), 15-20 cm (0,5-1,5 % range), 4-8
cm (0,5-3 % range) oscillation cycles. 6) Mezin (MIS 5) red & brown paleosol
(1,12 m) is low-carbonated (calcite 0,1-1,1 %: dolomite); the calcite content of the
basal horizon is 1-3 % (up to 6,2 %). The dolomite content of terrestrial deposits
do not exceed 0,5-0,8 %.

Conclusions. The calcite content is the index of climate aridity. The loess
deposits formed in extra arid conditions, resulting high calcite content (5-10 % &
more). More humid climate caused forming of soil profile. The carbonates
accumulated in lower soil horizons (medium calcite content — 1-6 %). The upper
humus horizons have low calcite content (up to 2 %). The intermediate calcite
content values in the Bryansk paleosol and shows more humid climate in MIS 3
than in MIS 2 & MIS 4, but drier climate than in MIS 1 & MIS 5. The calcite
content oscillations in loess & in Bryansk paleosol show different-scale cycles of
humidity-aridity. The duration of these cycles may be from dozens to thousands
years. The calcite content oscillations help to separate visually homogeneous loess
layer into sublayers & horizons. A dolomite is accumulated in supersaturated
saline lagoons. Historically, there is no similar condition at the Leninsk site, that is
proven by very low dolomite content (less than 1 %) in loess-paleosol deposits.

Research was supported by the Russian Science Foundation, project 16-17-
10103.

27



GEOCHEMISTRY AND PROVENANCE OF LOESS
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The loess-palaeosol sequence at Savudrija (Istrian Peninsula, Croatia) is ~
7.5 m thick and superimposed on the top of the Cretaceous limestone. It consists of
loess and sandy loess intercalated with four brown palaeosols, and one red
palaeosol at the bottom of the sequence. High-resolution sampling was applied
with the purpose to reconstruct the genesis and origin of the deposits, as well as to
reconstruct the climate conditions that influenced the formation of such deposits in
the area. To establish its chronological framework, OSL and IRSL dating,
accompanied by palaeomagnetic analyses, were applied. Palaeosol and sediment
layers within the section were identified, described and labelled. Basic chemical
and physical properties of each identified layer were analyzed. Heavy and light
mineral analysis was performed, to determine the provenance of the parent
material. Mineralogical, geochemical and micromorphological analysis of the
uppermost loess and the red palaeosol at the bottom of the section were performed
to reconstruct the palaeopedological, palaecoenvironmental and palaeoclimatic
conditions which influenced their formation. Palaeo- and rock-magnetic
measurements were performed to support the dating results and to characterize the
magnetomineralogy of the sediments.

The obtained luminescence ages and palaecomagnetic data demonstrate that
the Savudrija loess-palaeosol sequence was formed between ~70 ka and ~9 ka
(Zhang et al., in press), which correlates well to the time span from the last glacial
to early Holocene. The variation of the magnetic susceptibility of the Savudrija
section is following the pattern in which the palaeosol horizons generate high
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susceptibility values while the loess horizons show low susceptibility values. Both
the bulk mineralogy and heavy and light mineral fraction show that the red
palaeosol situated on the Cretaceous limestone has a similar provenance as the
uppermost loess. However, both the type and share of clay minerals in the clay
fraction of loess and the red palaeosol differs. The main clay mineral phases in the
clay fraction of loess are 14A minerals (vermiculite and/or smectite) and illitic
material, while mixed-layer clay minerals, kaolinites and chlorite are subordinate.
The composition of the red palaeosol indicates moderate weathering of the parent
loess material. Main mineral phases are mixed-layer clay minerals and kaolinites
(both well and poorly crystallized), while illitic material is subordinate. Secondary
carbonates observed in the red palaeosol (re)precipitated only after they were
leached from the overlying loess, which buried the noncalcareous “Terra-Rossa-
like” soil. A few rounded clay coatings non-related to macrovoids found in the red
palaeosol probably represent the transported remains of older soils that existed on
the surface of the Cretaceous limestone. We can tentatively conclude that the red
palaeosol at the bottom of the section formed in a lithologically uniform material
that dominantly presents a mixture of loess and, partly, remains of older soils that
existed on the surface of the Cretaceous limestone. Furthermore, the magnetic
susceptibility record suggests that the age of ~70 ka of the red soil at the bottom of
the section might be still ambiguous and needs further study.

References:

Zhang, J., Rolf, C., Wacha, L., Tsukamoto, S., Durn, G., Frechen, M., 2018.
Luminescence dating and palaesomagnetic age constraint of a last glacial loess-
palaeosol sequence from Istria, Croatia. Quaternary International (in press).

29






GEOCHRONOLOGY OF LOESS/PALEOSOL SEQUENCES AND DUST MAR

conveyed by high-altitude westerlies and its abundance and deposit rate can record
the location and intensity of westerlies. EM2 (22.4 um) and EM3 (63.2 um) may
represent long-distance and short-distance transported components, respectively.
EM2+EM3 can record intensity of dust disperse. During MIS3b, deposit rate of
EM1 kept a high value during Heinrich Event H5 (SW wind dominated) and a
relatively lower value during the period which SE wind dominated. 5) SW wind
had greater ability to contribute to magnetic susceptibility than SE wind.
Conclusions, Advanced glacier during MIS3b pushed cold high pressure to expand
to the north and close to Tacheng basin, which was favor to form stronger SW
wind in Tacheng basin. Strong Siberian High during Heinrich Event H5 blocked
advection of moist air into the region via mid-latitude westerlies, so that the glacier
retreated and SW wind disappeared during Heinrich Event H5.
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METHODS FOR DETAILED DESCRIPTION OF GEOLOGICAL
SAMPLES. SOIL STUDIES BASED ON EXTENSIVE USE OF SEM, DBS,
MICROCT AND CORE SCANNING TECHNIQUES
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Introduction. Loess-paleosol sequences are one of the most valuable
terrestrial geological archives of the Quaternary. To extract high-resolution
paleoecological records from these sequences detaled but rapid automatic analysis
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of the geochemical and mineralogical characteristic of extensive sections or cores
Is required. Our methodology is based on rapid development of novel analytical
methods and new data evaluation techniques, which in past decades led to
development of completely novel approach in geosciences. Development of
automated SEM and DBS algorithms (QEMSCAN, MAPS) allowed automated
evaluation of mineralogical composition with context textural and structural data
extraction. Development of DBS and microCT methods provided access to high
resolution-high contrast imaging. Development of corresponding software
(Pergeos) allowed scientists to access uniform data storage, visualisation and
treatment domain, where resolutions stretch from nanometers to tens of meters, and
In conjunction with existing petrophysical methods allow comprehensive study of
vast territories with useful results and proxies.

Methodology. Group of methods, widely known as DRA, consists of
abovementioned methods. Core scanning techniques allow us to collect overall
mineral and elemental composition and acquire main logging properties on large
guantities of sample material in minimal time. MicroCT allows us to study mineral
3D structure of geological samples. With some additional techniques, porosity and
whole organo-mineral skeleton can be studied. This allows us to select on
scientific basis regions of interest (ROI) for further study. On selected regions,
SEM with AM s capable of providing mineralogical composition, with size,
inclusions and adjacent grains data per mineral available. This provides us with
fast and reproducible method to evaluate and compare general sample properties,
as well as to find ROI for nm-scale 2D and 3D study. Software package is
proposed to arrange all the data in uniform data array with upscaling capabilities.

Results. Studies of few complicated samples will be presented, with results
of separate methods being used in conjuction to provide needed data.

Conclusions. Novel methods are widely used in the field of high
commercial importance like mining and o’n’g. However, application of these very
methods will provide huge benefit to geochemical soil science groups. Our task is
to highlight modern techniques, their limitations and case studies in order to share
this knowledge with academia.
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For the first time, The Quaternary Loess Distribution Map of the Russian
Federation on a scale of 1:2 500 000, created using modern methods of processing
and visualization of GIS-based data, is provided. The Quaternary Loess
Distribution Map is based on, first of all, the new Quaternary materials of
Gosgeolkarta at a scale of 1:1000 000 (third generation); the preparation of the
latter is still ongoing, and therefore the Map will be supplemented.

In the territory of the Russian Federation, where Quaternary maps of the
third generation do not yet exist (Baikalian region, Siberia, North-East, Far East),
we used small-scale engineering-geological maps-schemes of loess, and
publications of Russian and foreign researchers (Loess rocks of URSS, 1986, V.
Astakhov, 1992, J. Zeeberg, 1998, V. Astakhov, J. Svendson, 2011).

The loess, which has long been the object of geological mapping, still do not
have the genetic characteristics in the engineering geology, soil science,
Quaternary both in Russia and other countries. Usually they are mapped by
thickness and lithology, at the best there is a reference subaerial environment. This
is due to the specifics of loess that, on the one hand, it is a rock, and on the other
hand, it is functionally related to the environment.

The Quaternary Loess Distribution Map shows typical loess and loess-like
formations. Typical loess includes loess-soil subformation — loess with eluvium
soil facies (L¢,) and loess-ice subformation — loess with Yedoma facies (Leg).
Loess-like formations include loess-like deposits formed with participation of
sheet flood, sedimentation streamflow, inactive or standing water (lakes) and other
processes. Usually they are polygenetic deposits. Loess-like formations of "brown
loams" of the Far East of Russia and all thin cover formations of loess, loess-like
loam, loam and sandy loam with the inclusion of eluvium, deluvium, solifluction,
eolian sediments, etc. belongs to them.

Their accumulation continued throughout the Pleistocene (2, 6 Ma). Their
thickness is more than 200 meters. All loess and loess-like formations on the Map
are divided by age.

On the territory of Russia, loess is widely distributed in the Crimea, the
Caucasus, on the South of Russia and West Siberian plains, less in the Baikal
region, the Far East, Central Yakutia, as well as on the coastal plans of the Laptev
and East Siberian seas, on their shelf and Islands.
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Loessic sediments are the best material for thermoluminescence (TL) dating
since in the case of using the silicates as minerals-timers they undergo, before
deposition, an enough intense bleaching during their wind transportation.
However, even in this case there is a pitfall of noise which influence on the
minerals-timers being highly sensitive to environment changes. After a number of
experiments, we have found out how to avoid the negative effects without losing
the advantages of TL techniques.

The most reliable mineral-timer for this matter is quartz, which is included
practically in any loessic sediment. Moreover, quartz stands out against other
minerals in its well-defined lattice, chemical stability, high strength, and
ubiquitous occurrence in almost any deposits. Its pronounced and explicitly
documented properties can provide a realistic time reference for most of the
objects. Nevertheless, getting the age data is not so easy for technological
limitations in the standard (Aitken, 1985) dating methods.

Recent TL technologies of age diagnostics have been inventoried by authors
in order to extend the scope of rocks and related events fit for dating. As a result,
the advanced TL dating method was selected as the best appropriate procedure,
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which was tested on different objects in Russia and abroad (Sheinkman, Melnikov,
2011; Sheinkman, 2013).

With the aim of obtaining a reliable method which would allow treating a
large number of samples, we refused the previous unreliable dating criteria and
cumbersome procedures. In the new approach, they are the coordinates of TL
peaks in the dose curve, instead of the peak intensity, that make a more reliable age
criterion based on second-order TL kinetics. This criterion, which stems from the
more stable thermal rather than optical properties of quartz, was missed in the
traditionally used first-order kinetic TL model as its recognition would require a
different problem formulation and instrumental background.

The validity of the new approach has been confirmed in repeated tests.
Moreover, the suggested technique is an order of magnitude cheaper and much
easier to perform than the traditional (Aitken, 1985) procedures, which makes it a
high-quality and accessible tool for investigating the studied sediments. Its
reliability has been validated additionally by checking the new TL dates against
radiometric dating at classical Dead Sea sections.

The suggested approach does not claim to be panacea but it allows making
good progress in solving the urgent dating problem and, moreover, creates
prerequisites for advance in age diagnostics. This is especially important as the
chronological constraints of events in formation of loessic sediments are crucial for
synthesis of the existing experience and gaining new knowledge. In this respect the
new approach can be used for systematizing all available data with reference to the
time scale.
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The International Commission on Stratigraphy (ICS) utilises benchmark
chronostratigraphies to divide geologic time. One such record, the Jingbian loess-
palaeosol-sand section, lies on the desert margin of the Chinese Loess Plateau
(Cohen et al., 2013). The reliability of these benchmark records is fundamental to
understand past global change. However, Jingbian section has not previously been
dated in detail using independent methods, despite desert marginal sites having
complex and multiple influences on sediment preservation. Furthermore, Jingbian
lies at a crucial location for understanding the driving forces behind both desert
expansion and contraction, and changes in the East Asian monsoon in an area close
to its limit, with considerable debate over the forcing behind monsoon variations
(Sun et al., 2015). Here we apply both SAR quartz OSL and K-feldspar post IR
IRSL dating to develop the most detailed luminescence dating age model yet
obtained, covering the last c. 250 ka (Stevens et al., 2018). The age model shows
that the ICS chronology for the Quaternary terrestrial type section at Jingbian is
inaccurate. There are large hiatuses and depositional changes expressed across a
dynamic gully landform at the site, which demonstrates rapid environmental shifts
at the East Asian desert margin. These are not visible at the section or through
standard proxy analysis. We propose a new independent age model based on the
luminescence results and reconstruct monsoon climate and desert
expansion/contraction for the last ~250 ka at the site. The new record demonstrates
the dominant influence of ice volume on desert expansion, dust dynamics and
sediment preservation, with a clear trend to enhanced dune activity driving erosion
at the Jingbian site during peak glacial times. The results further show that East
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Asian Summer Monsoon (EASM) variation closely matches that of ice volume, but
lags insolation by ~5 ka, a trend that is consistent over multiple precessional cycles
over the duration of the record. These observations show that the EASM at the
monsoon margin does not respond directly to precessional forcing but rather is
modulated heavily by ice volume, probably through sea level and CO2 feedbacks.
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Sand-loess sequences in the desert-loess transition zone are sensitive
terrestrial archives for recording past climatic changes and atmospheric dust
activities. However, a high-resolution chronology for relative long-term sand-loess
sequences is still rare.

In this study, we used quartz SAR OSL and K-feldspar pIRIR (pIRIR290)
methods to date a 16.8 m sand-loess sequence at Zhenbeitai in Yulin (North-
Central China). The quartz is sensitive, fast component dominated but saturates at
~150 Gy. The measured K-feldspar pIRIR290 De showed no dependency on the
first IR stimulation temperature between 50 °C and 260 °C. Dose recovery results
were consistent with unity up to ~800 Gy for a test dose of approximately 30% of
the equivalent dose to be measured. The resulting pIRIR290 ages are consistent
with the stratigraphy up to ~121 ka. Thus, a high-resolution chronology up to the
last interglacial could be established for the Zhenbeitai sand-loess section.

37


mailto:wujiang_nju@163.com

GEOCHRONOLOGY OF LOESS/PALEOSOL SEQUENCES AND DUST MAR

We constructed an age-depth model on our sequence using the software
Bacon (Blaauw and Christen, 2011) to estimate loess and sand mass accumulation
rates (MAR). Derived mass accumulation rates show sedimentation rates of ~10—
80 cm/ka for the upper loess (< 10 ka) and ~15-30 cm/ka for the loess deposits
between 57-111 ka. Interbedded sands (~10-65 cm/ka) suggest active dunes in the
Mu Us desert during ~17-10 ka. We found a depositional hiatus of loess between
~47 ka and 17 ka. In combination with proxy indexes of magnetic susceptibility
and grain size, the Zhenbeitai sand-loess sequence provides a sensitive record of
regional climatic changes in this semiarid zone since last interglacial period.
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Loess deposits in the Chinese Loess Plateau (CLP) are valuable terrestrial
archives widely used to reconstruct past dust and East Asian monsoon dynamics.
Recent chronological studies have revealed significant site-specific variations in
loess sedimentation, which challenges the utilization of loess deposits as
continuous, easily analyzable paleoclimate and dust record. However, the regional
comparability of loess sedimentation at subglacial-interglacial timescales has not
yet been systematically tested. This study focuses on the spatial and temporal
variability of loess sedimentation in the CLP during the past twenty thousand years
(ka), by investigating three new records from the transition zone between the CLP
and the desert and revisiting several previous loess sites. Strong dust accumulation
Is found at the desert margin after about 15 ka, which is synchronous broadly with
reduced dust accumulation at the northern and western plateau, and less
preservation in loess tablelands from the central and southern plateau. It confirms
that loess sedimentation is not spatially homogeneous at millennial timescales.
Instead, this spatial inhomogeneity of loess sedimentation at millennial timescales
during the last deglaciation is controlled by various dust transportation, tapping
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and post-depositional processes in different geographic and geomorphologic
settings. Finally, the clear seesaw pattern in loess sedimentation in the CLP is
attributed to a combined effect of weakened winter monsoon and enhanced
summer monsoon after the termination of Heinrich Stadial I.
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During Pleistocene glaciation, the shallow continental shelf exposed and
formed the desert-loess depositional system due to lowered sea level and
strengthened East Asian Winter Monsoon(EAWM) in the marginal sea of Eastern
China. As a consequence, the loess-paleosol sequence in the Jiaodong Peninsula
and Miaodao Archipelago is a special type of eolian sediment related to the
dynamic changes of coastal zone environment, and an important archive for
paleoclimate and sea level changes of the coastal zone of Eastern China. However,
this loess-paleosol sequence is still poorly understood due to the lack of
independent age control, which have limited the interpretation of their
palaeoclimatic and palaeoenvironmental information. In this study, high-resolution
luminescence dating which based on quartz SAR OSL and K-feldspar post-IR
IRSL (pIRIR290) measurements, are employed to the two loess-palaeosol
sequences located in the Jiaodong Peninsula and Miaodao Archipelago,
respectively. Our results show that quartz SAR OSL and K-feldspar pIRIR290
ages are more or less indistinguishable from one another up to ~50 ka. Beyond this
age, the K-feldspar pIRIR ages increased systematically with deposition depth,
agreeing well with the expected ages as far as ~130 ka. On the basis of our fully
independently-dated timescale, we are therefore able to propose, for the first time,
a new age model for the loess deposits in Jiaodong Peninsula and Miaodao
Archipelago accumulated since the last interglaciation (corresponding to S1
palaeosol in CLP). Using our newly obtained luminescence dating ages, it appears
that there is a marked loess accumulation variability since the last interglaciation,
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which possibly indicates the desertification process of this coastal zone in the late
Pleistocene.
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reliability, as well as determine the aggregate composition and pore sizes in the
sample.

As a result of computer analysis of data and the recovery of the volumetric
structure in CTan and CTvox, the following is established: Both samples have an
extremely high degree of X-ray absorption, which affects the purity and detail of
the resulting image. Therefore, a study of the structural organization of soil and
pore space in samples larger than 2 cm is extremely difficult. At a resolution of 16
um, the picture is fuzzy, but surely one can diagnose the presence of separate
structural inhomogeneities and ferruginous concretions with the dimensions of
approx. 1 mm. There are also elements of mesoporosity - pore channels and
interaggregate pores larger than 200um in size.

At a resolution of 1um, the size of the sample is smaller, but the elements of
the microstructure are clearly visible. Immediately there is an obvious difference in
the spatial organization of the microstructural elements of loess and buried soil.
For loessial deposits, the difference between the horizontal and vertical sections is
noticeable. Structural elements are much smaller than the buried humus horizon;
they are characterized by sharp angles and a prismatic form of aggregates. The
porosity and connectedness of the pore space of the loess is slightly higher. For the
buried humus horizon, a denser lumpy structure and aggregates of a slightly larger
size with a pronounced intrinsic porosity are characteristic. The total porosity is
28% for loess and 18% for the humus horizon of buried soil. Porosity of open type
prevails (more than 95%) in each case, i.e. both samples have good filtration
properties.

Conclusion: X-ray microtomography as a method of investigation is suitable
for studying the microstructure of loess sediments, buried soils, and can be used as
the main method of investigation and for adjusting the results obtained by more
traditional methods for determining the particle size distribution and porosity.

The work was supported by the Russian Foundation for Basic Research,
projects 18-34-00825, 18-04-00638 and 16-04-00949.
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The Oka-Don (Upper Don) glacial-periglacial loess region occupies the
lowland of the same name, and eastern part of the Central Russian Upland within
the limits of the distribution of the Don glaciation moraine. Detailed
reconstructions of paleoenvironments and climates of the region during all the
main stages of the loess-paleosol formation (LPF) development have been worked
out by the author using data obtained by studies of the Strelitsa key section. The
Strelitsa sediment sequence (51°35j N and 30°00j E) is located on the right bank of
the Don River at 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 records
for the whole sequence of subaerial, lacustrine, and fluvioglacial formations
underlying and overlying the Don glaciation moraine (corresponds to MIS 16)
(Bolikhovskaya, 1976, 1995).

Floristic, phytocoenotic and climatic successions reconstructed for all the
stages of the LPF formation in the discussed region have been compared with
results of lithologic, paleopedologic, paleofaunistic, paleomagnetic and other
analyses of the exposed deposits (Krasnenkov, et al., 1970; Agadjanian, 1971;
Bolikhovskaya, 1976, 1995, and others; Udartsev, 1980; Velichko et al., 1985;
Zarrina, Krasnov, 1985). It turns out that in a most cases there is a discrepancy
between boundaries of glacial and interglacial periods on the one hand, and loess
and fossil soil boundaries, on the other.

The submorainic loess-soil series directly overlying the Eopleistocene red
beds was formed in the course of the long time interval comprising two interglacial
periods and intermediate glacial period (correspond to MIS 19-17). The lower soil
of this series developed in the Gremyachye interglacial steppes and forest-steppes.
During the Devitsa 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 horizon A of the upper soil were formed. The
most part of the thick humus horizon of the upper soil (its top has been eroded)
corresponds to the Semiluki interglacial.

Overtill (past-Don) loess and palaeosoil horizons are named after A.A.
Velichko et al. (1984) who carried out palaeopedological studies of the Strelitsa
section.

Palynological data on the post-Don loess-soil members testify that
subhorizons All of the Vorona paleosol complex, Inzhavino, Kamenka, and
Krutitsa soils correspond to cryohygrotic stages or substages of cold epochs.

There is only one — Vorona — soil in the second Pre-Dnieper paleosol
complex; it developed throughout the Muchkap interglacial (with
coniferous/broad-leaved forests dominant at its optimum) and during the first half
of the Oka glaciation (MIS 12). The horizon All of the Vorona paleosoil and
penetrating her wedges as well as the Korostylyovo loess were formed in
periglacial environments of the Oka glaciation.
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The upper Pre-Dnieper paleosol complex of the sequence, including the
Inzhavino, Kamenka and Romny fossil soils, was formed in the course of three
interglacial and two glacial periods. Most part of the Inzhavino soil developed
under forests of the Likhvin s.str. interglacial (MIS 11): pine-birch forests- birch
forests with some Carpinus betulus and Carpinus orientalis - birch-cembra pine-
spruce-pine forests with oak and elm - pine-fir-cembra pine-spruce forests with
hemlock, hazel, hornbeam 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 such taxa as Tsuga canadensis, Abies sp., Picea s.
Omorica, P. s. 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 with 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 (=Pechora, Vologda) cooling (MIS 10) was characterised by
dominance of periglacial tundras and forest-tundras. The successions of the
Kamenka interglacial soil formation (Chekalin Interglacial corresponding with
MIS 9) 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 endothermal interval- forest-steppes.
At the Zhizdra (=Orchik) cooling (MIS 8) , the periglacial steppes of the first phase
were replaced by periglacial tundras. The optimum stage of the Romny
pedogenesis (Cherepet’ interglacial, MIS 7) featured hornbeam-oak forests with
Carpinus orientalis and Ostrya sp., alder forests and coniferous-birch stands.

The loess of Dnieper glaciation (MIS 6) was formed in cryoarid
environments of periglacial tundras. Most part of the Mezin paleosol complex was
associated with the Mikulino interglacial forest-steppes, which were considerably
reduced in area in the Upper Don drainage basin at the phase of dominance of
hornbeam-oak and birch-pine forests. The first Early Valdai cooling and
subsequent interstadial correlate with the upper subhorizon All of the Krutitsa
soil. 5 interstadials and 6 alternating cooling of stadial level are recorded in the
interfluvial LPF profiles dated to the Early and Middle Valdai. The Late Valdai
horizons are found in the cover on the Don 1st and 2nd terraces.

As in the case of the northern Central Russian Upland (Bolikhovskaya,
1976, 1995), the materials obtained so far do not permit recognising interglacial
loess formations in this region. The loess horizons of the Oka-Don lowland are
generations of glacial climate.
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PALEOSOL SEQUENCE (PRAGUE, CZECH REPUBLIC):
PRELIMINARY RESULTS

Flasarova, K. ! Lauer, T. 2, Zateckd, M. 3, Strouhalovd B. *,
Kadlec, J. °, Kolafik, P."

! Department of Physical Geography and Geoecology, Charles University, Czech
Republic 1kristyna.flasarova@natur.cuni.cz, 1kolarip@natur.cuni.cz,
2 Department of Human Evolution, Max Planck Institute for Evolutionary Anthropology,
Germany “tobias_lauer@eva.mpg.de
3 Institute of Geology and Palaeontology, Charles University, Czech Republic
*michaela.zatecka@natur.cuni.cz,
*Institute of Archaeology of the Czech Academy of Sciences, Czech Republic
4strouhalova@arup.cas.cz
> Institute of Geophysics of the Czech Academy of Sciences, Czech Republic,
*kadlec@ig.cas.cz

Keywords: OSL dating, Pleistocene loess, Luvisol, Chernozem, environmental
magnetism

Introduction. Loess-paleosol sequences provide valuable information about
periods of increased dust accumulation, erosion or landscape-stability (soil
formation) triggered by changes in climate (Frechen, 2003). This study is focused
on the loess-paleosol sequence in Dejvice, located near Prague city centre, in the
Czech Republic, which was sampled during a rescue research.

Methodology: The loess-paleosol sequence was analyzed using magnetic
susceptibility and magnetic fabric (anisotropy of magnetic susceptibility)
approaches to decipher the palaeoenvironmental records (Lagroix et al., 2011).
Optically stimulated luminescence (OSL) dating was used to establish a
chronological framework for the sediment archive which is a prerequisite to
understanding interactions between climatic shifts and the sedimentological regime
(Lauer et al., 2016).

Results and Preliminary Conclusions. High-resolution logs of the
magnetic variations show climatic oscillations during the last two glacial stages,
represented by loess and colluvial deposits. The cold-stage loess deposits are
intercalated by paleosol horizons representing warmer periods. The Dejvice
sequence contains an Eemian (MIS 5e) Chernozem and Luvisol (PK I11). Younger
paleosols (PK | and PK I1) were not present in the sampled section. The oldest
paleosol is believed to be a Luvisol of PK IV (late MIS 7 and MIS 6).
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The Dejvice sequence was highly affected by several erosion events. Gravel
and colluvial deposits were present in a number of horizons in the section.
Significant paleoclimate changes have been detected in the 15 m thick section.
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Introduction. Loess deposits of Northern Iran provide excellent
sedimentary archives for understanding past climate and environment changes in
the continental interior. Diffuse reflectance spectroscopy (DRS) is a rapid and non-
intrusive tool for characterizing soils and sediments and linking them to
environmental processes. Balsam and Deaton (1991) demonstrated that the
position of peaks and valleys on the first derivative of the spectral curves are

indicative of sediment composition and mineralogy. Our research on the
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Mobarakabad loess sequence focused on testing the feasibility of DRS for
identifying illite and chlorite and the variations of illite to chlorite (1/C) ratios of
the samples.

Methodology and Results: We conducted 87 DRS measurements on the
loess and paleosol samples from Mobarakabad. Sample preparation and analysis
followed procedures previously described by Balsam and Deaton (1991). Our data
confirm that chlorite and illite produce very distinctive first-derivative signature
peaks at 385 and 295 nm for chlorite and at 325 nm for illite. DRS results indicate
that illite dominates over chlorite in all samples, as corroborated by X-ray
diffraction analyses. Furthermore, the I/C ratio (325/295 nm) is consistently higher
for paleosols than loess, showing glacial-interglacial alterations akin to magnetic
susceptibility (MS). For instance, in one of the loess unit (Unit 4) which yielded an
OSL age range of ~48 to 34 ka (Ghafarpour et al., 2017), the I/C ratio and MS is
higher in the paleosol with Bk horizon than in the loessic Ck horizon.

Conclusions: Our data strongly suggest that the DRS-derived I/C ratio
(325/295 nm) is an effective index for characterizing the weathering of silicate
minerals in lranian loess and can be used for interpreting the pedogenic
environment, weathering intensity and paleoclimate changes. Our findings are
consistent with the trend of increased I/C ratios in paleosols of Chinese loess
sections (cf. Zhao et al., 2005).
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During the Late Quaternary dramatic changes in relative sea-level are known
to have occurred in the Caspian Sea. However, all previous attempts at resolving
the uncertainty associated with the timing of these transgressive/regressive events
using standard dating methods have produced inconclusive or controversial results.
In 2015-2018 our team made an attempt to obtain new numerically based
chronology of the Late Quaternary environmental evolution using optically
stimulated luminescence (OSL), and post-IR IRSL290 analysis of quartz and K-
feldspar grains extracted from sediments collected along the Lower Volga River. A
combined total of 49 new luminescence ages are presented here. Luminescence
analyses were conducted on large aliquots of the sand-sized quartz and K-feldspar
fractions of loessic sediments, marine clays and the overlying modern soils from
three exposed sections (Srednyaya Akhtuba, Raigorod, Leninsk), ~50km
downstream of VVolgagrad.

Our results show unambiguously that the Early Khvalynian marine
Chocolate Clays present at all three sections were deposited post-LGM, between
~13.5ka and ~17 ka ago. Constrainment of these age estimates by the those from
the overlying Kastanozem soils (0.7 to 9.1 ka) and underlying loess-soil series (19-
30 ka) further supports a younger (13-16 ka) date for this transgressive stage of the
Early Khvalynian era. The underlying horizontally-stratified grey marine clay/sand
layer 6 gives an age of 16.2+0.9 to 20.9+1.4 ka.

The loess strata of Atelian formation in Leninsk section is characterized by a
set of dates from 33.94+2.6 to 82.6+4.9. Lower part of the sequence is presented by
two MIS-5 soils divided by another loess horizon. Atelian stage in Srednyaya
Akhtuba section is represented on the upper part by alternation of alluvial sand,
loess and three paleosols characterized by ages of 27+1.5 ka; 35,5+2,8 ka and
36,7£3 ka. The top of thick loess strata represented by sandy loam of uniform light
brown color, with a few smears of manganese and gypsum inclusions, is dated
48,6+ 3,1 ka. Below, section is represented by three clearly defined paleosols. The
upper soil horizon (layer 14), with nutty and fine comminuted structure, cryogenic
cracks and wedges, is dated 68,2+4,1 ka. First paleosol is separated from the
second one by sandy loam loess layer (15), dated 87,6+4,1 ka. Second soil horizon
(layer 16) characterized by age of 102,5+5,1 ka with another loess horizon below
dated 112,6+5,4 ka.

Thus, the continental Atelian era of the upper (Volgograd) area of the Lower
Volga region reflects three distinct paleogeographic events of the Caspian Sea
history: 1. Atelian regression in correlated with Kalinin glaciation of East-
European plain (MIS 4); 2. The initial stage of Khvalynian transgression under
interstadial warming (MIS 3); 3. Regression, corresponding Ostashkovski
glaciation (MIS 2). This sediments complex represents Atelian formation in
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Caspian region stratigraphic scheme, the amount of which is beyond the scope of
the same name regression (Atelian).
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Paleogeographic development of the Caspian Sea in the Late Pleisocene is
characterized by alternation of transgressive and regressive stages. Unlike
transgressive periods, the paleogeographical environment during regressive periods
is less understood. The main reason is the lack of paleontological and
paleobotanical remains (fauna and pollen) in continental deposits of various
genesis.

The longest period of a Caspian Sea low level stand in the Late Pleistocene is
the Atelian regression. During this period a thick sequence of continental deposits
was formed. This formation is widespread within the Northern Caspian Depression
and represented by subaqueous and subaerial deposits, including alluvial and
aeolian. In the southern part of Lower VVolga most of this strata is eroded by more
active abrasion during Caspian sea minor transgressions of Hirkanian time and the
first part of Khvalynian period. But in the north, in the series of sections around the
Volgograd city, Atelian strata reach up to 10-12 m in thickness. In this area
continental sedimentation was longer, the abrasion during the high-stand of Early
Khvalynian transgression was relatively small (~1-3 m, depending on the
geomorphological position) due to very rapid sea-level rise in a short time
(Kurbanov et al., 2018). Four sections reveal the structure of Atelian formation:
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Srednyaya Akhtuba, Leninsk and Batayevka on the left side of the Volga valley
and Raigorod on the right side.

The general stratigraphy of Atelian formation in these four outcrops differs.
The existing stratigraphical framework is based on new series of luminescence
dating results (Kurbanov et al., 2016; Yanina et al., 2017). Srednyaya Akhtuba is
characterized by three MIS-5 paleosols and thick horizon of MIS-4 loess. The
uppermost soil (MIS-5a) is disturbed by distinct deep wedges, cracks and streaks
with sediment penetrating from the covering loess. These cryogenic features
clearly illustrate cooling climate conditions of the MIS-4 at Lower Volga and can
be easily identified at most of the sections. The upper part of the sequence is
represented by alternation of alluvial sand and weakly developed loess horizons
with clear traces of pedogenesis in MIS-3, that are also influenced by
cryoturbations.

Leninsk, located more to the South is characterized by two well-developed
paleosols of MIS-5, again with clear frost wedges from the upper thick loess
horizon and one level of pedogenesis at the top of MIS-3 stage (the upper part of
the soil is eroded). The MIS-5a soil is disturbed by deep cracks filled by loess.

At Raigorod section the Atelian strata is based on thick horizon of alluvial
sediments (floodplain facies). In these alluvial clays and silts we identified two
levels of pedogenesis, represented by highly hydromorphic soils. This stage
remains undated, the only idea about the age of the well-developped soil at the
base of the section can be obtained from the published results of pollen analysis —
that indicates the Likhvin stage (MIS-9) of the Russian plain (Grichuk, 1954). On
the top of this layer floodplain facies change to channel facies — clean well-sorted
sands, on top of which weakly developed paleosol can be identified. This soil is
disturbed by minor wedges — not very clear due to similarity of the lithology with
the overlaying sands. The clean loess of MIS-4 stage with 2 layers of slightest
evidence of pedogenesis passes to MIS-3 stage loess with pedocomplex containing
two paleosols on the top of the sequence. This pedocomplex was partly eroded
during Khvalynian transgression.

Most developed sequence of Atelian time can be found at the Batayevka
location, 100 km to the SE from Leninsk. Batayevka section is located on the left
side of the Lower Volga valley opposite to the reference section of Chernyy Yar on
the right valley side. In this outcrop we were able to identify three levels of
pedogenesis of MIS-3 (in alluvial sands of the upper part of the section), well-
developed pedocomplex of MIS-5, containing three combined paleosols, the top
one with permafrost features — cracks and wedges. Important difference of this
section is that it contains another three older levels of pedogenesis — of unknown
age (probably MIS-7 and MIS-9). The Atelian formation here developed on the
alternating lagoon and lacustrine sands and silts.

Described stratigraphy and chronology of the loess-paleosol sequence of the
Atelian formation allows us to better understand the main stages of environmental
evolution of the Lower Volga region and the whole Northern Caspian lowland

during the Late Quaternary.
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The loess stratigraphy of the central Great Plains, USA, records the last two
glacial-interglacial cycles with a loess-paleosol sequence similar in many ways to
those observed in the Chinese Loess Plateau (CLP) and other major loess regions
of Eurasia. The Brady Soil of the Great Plains somewhat resembles the youngest
soil (S0) of the CLP, especially where the latter is overlain by Holocene loess (LO).
On the other hand, the available age control indicates more episodic loess
deposition at highly variable rates in the Great Plains, with minimal accumulation
in MIS 4, slow intermittent accumulation in MIS 3, and very rapid deposition
during MIS 2. The timing of Brady Soil formation during the last glacial-
interglacial transition (~14-10 ka) differs from that of SO, and the regionally
coherent stratigraphy of loess and buried soils in thick Bignell Loess is also
distinctive. Finally, the continuous, regionally traceable stratigraphy of Great
Plains loess is entirely Middle Pleistocene and younger. One likely factor in these
contrasts is the distinctive major source of Great Plains loess (since MIS 3 and
possibly much longer): Oligocene-Miocene volcaniclastic siltstones that crop out
in the unglaciated western Great Plains, and alluvial sediments derived from them
(Aleinikoff et al., 2008; Yang et al., 2017). This source is not renewed by ongoing
erosion of tectonically active mountains, nor by periodic input from ice sheets or
mountain glaciers. It was not available until Late Pliocene to Pleistocene stream
incision removed overlying rocks, and probably only produces much dust under
limited parts of the range of conditions experienced through each glacial cycle.
Another factor is the changing extent of the Laurentide ice sheet, which extended
farther south before the Mid-Pleistocene transition, possibly altering circulation so
as to limit cyclonic storms and strong dust-lifting winds over the loess source
region. The Brady Soil-Bignell Loess sequence has no apparent analogue earlier in
the Great Plains loess record and could reflect a combination of geographic setting
and ongoing landscape evolution. | interpret the Brady Soil as recording rapid
warming (interrupted by weak YD cooling), coinciding with changes in circulation
and greater moisture influx from the Gulf of Mexico as the Laurentide Ice Sheet
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retreated. The Bignell Loess records not only drier conditions in the early
Holocene, but an enormous supply of sediment available through reworking of
thick Peoria Loess, not present in earlier interglacials. Lack of agriculture on
uplands until after 1870 CE, and low population density up to the present also
helped preserve thick Bignell Loess sections.
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The paleogeography of the Azov-Black Sea region has attracted researchers
for a long time. A major subject has been the fluctuation history of Late
Pleistocene basin sea level. Today there is no consensus on the number of
transgressions and regressions, their duration and highstand levels. The major
problem is the lack of an absolute chronology of sea level changes and
environmental evolution of the coastal regions (especially Northern and Eastern
sectors). For example, there is still a discussion about the development time of the
largest Karangatian (MIS 5, Late Pleistocene) transgression of the Azov-Black Sea
region. An attempt to solve this problem was new investigations of the reference
section of Eltigen - containing the most complete series of marine sediments of the
Karangatian transgression cowered by thick strata of loess. Existing chronology is
based on a series of 230Th/234U dates, which showed that the age of the deposits
of the Eltigen section range between 70 and 140 ka, with the maximum Karangat
transgression between 119-124 ka. The Eltigen section is located in Crimea, in the
coastal cliffs between the Cape Karangat and the Uzunlar Lake on the western
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coast of the Kerch Strait. Eltigen is a stratotype of the Karangatian strata deposits
that correspond to the developmentof the Karangatian transgression of the Azov-
Black Sea basin during the last interglacial (MIS 5). During the summer of 2017,
we studied the Eltigen section and sampled marine and subaerial sediments for
series of analyses (sedimentological, paleontological, radiocarbon and OSL-
dating).

The obtained OSL chronology confirms the time of the formation of coastal
sediments containing numerous Karangatian MIS-5 mollusk species. At the same
time, the data obtained by us indicate that the sea level highstands persisted for
longer than previously reported. Thus, the Karangatian interval in the Eltigen
section represents over 50 thousand years. As a result of a decrease in sea level and
the beginning of the subaerial stage of sedimentation, a layer of loesslike loam
accumulated, the age of which is estimated at 50 to 10 thousand years. This loess
stratum contains tree levels of weakly developed soils. The total thickness of loess
reaches 5 meters. More detailed research of loess sediments and three level of
pedogenesis will allow palaeogeographical reconstruction of the environmental
evolution of the region during the second part of the Late Quaternary.

The work was carried out within the framework of the RFBR project No. 18-
05-00296.

TWO VARIANTS OF LOESS-SOIL RECORDS ON THE EAST
EUROPEAN PLAIN
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Institute of Geography of the Russian Academy of Sciences,
Staromonetny 29, Moscow Russia

The Late Pleistocene subaerial natural archives on the East European Plain
are noted for a compact record of paleoclimatic events in the loess-soil sequences.
By way of example we refer to sequences described on the Oka-Don Plain. In the
sequences the soils dated to the Mikulino Interglacial (MIS 5e) with profile
including horizons E-Bt-C (in the forest zone) or Bt-C (in the forest-steppe) and
the early Valday soils (MIS 5 b-a) with horizons A-AB-BC or A-AB-Bk are
superimposed or combined with each other and form a complicated polygenetic
profile typical of the Mezin loess-paleosol complex. In the upper part of the profile
there is usually a horizon indicative of a gradual transition from soil to sediment
(in this case, to the early Valday loess — MIS 4) and showing a change of the
epigenetic pedogenesis into a syngenetic one. In a few sections we may even trace
a superposition of the middle Valday — Bryansk paleosol (MIS 3) onto the upper
part of the Mezin complex (MIS 5) and formation of the Late Pleistocene
polygenetic pedocomplex. There are also sections where even the modern soil is
superimposed on the Bryansk paleosol. Such a superposition under conditions of
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slow rates of loess accumulation results in development of the Late Pleistocene-
Holocene pedocomplex. On the whole, in the Late Pleistocene sequence on the
Oka-Don Plain the information on the pedolithogenesis is compressed into an
extremely small volume of sediments and therefore is rather difficult to interpret.
Only paleosols of long enough warm intervals — interglacial or megainterstadial
(Krutitsa and Bryansk) are well recognizable and provide adequate material for
reconstructions.

There are many quarries on the Central Russian Plain where fragments of
buried erosional systems dated to the Moscow — Mikulino intervals are exposed.
Many of them display Late Pleistocene deposits different from the above
described. The sediments infilling paleo-incisions form paleosol-depositional
sequences much more complex in structure. They include several interstadial and
interphasial paleosols separated with fluvial deposits of intermittent streams, slope
and subaerial deposits forming expanded paleosol-sedimentary record of natural
events. At the base of the sequence there is the Ryshkov albeluvisol dated to the
Mklulino (Eemian) interglacial (MIS 5e). The pedolithocomplex at the
paleodepression thalweg includes no less than 3 pedogenic and 3 morpholithogenic
phases. The Ryshkov paleosol is overlain with cryoturbated pedosediments
resulted from re-deposition of the interglacial soil horizons. There are several
paleosols in the sequence above the Ryshkov paleosol, two of them dated to Early
Valday (MIS 5¢ and MIS 5a) and two more — to Middle Valday (MIS 3). The
paleosols are interlayered with eolian and slope deposits. The lower of the Vayday
paleosols — Kukuev — is of meadow type, the next — Streletsk — is chernozem-
meadow soil. Two phases are distinguishable in the development of each of them,
the forest phase being superimposed onto the forest-steppe one. Up the sequence
the Aleksandrov soil is defined as cryogenic soil of wet meadow. The uppermost
paleosol in the middle Valday sequence is Bryansk one (33140+230 yr BP). In
several sections on the East European Plain it is represented by two soils with a
loess horizon between

Studies were carried out within the framework of the State Program 14 on
the theme "Geographical assessment of natural and anthropogenic soil evolution
based on the concept of soil memory for the purposes of rational nature
management" (0148-2016-0003).
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The Late Pleistocene loess formation is widespread in the south part of the
West Siberia. The Lozhok section is situated between the rivers Shipunikha and
Koinikha, on the slope of the Berd’ river valley, that flows into the Ob’ river. The
section is the key one in the region, since it is the most fully in Late Pleistocene
loess-paleosol stratigraphy in the Novosibirsk Ob region of Ob Loess Plateau. The
Late Pleistocene loess stratigraphy presented here by two loess layers correlated
with MIS-2 (the Bagan and the Eltsovka), the Iskitim interstadial pedocomplex
equal to MIS-3, the Tulino loess (MIS-4) and the Berdsk pedocomplex, which
consists of interstadial paleosol (MIS-5 ¢) and interglacial paleosol (MIS-5¢e). To
get more reliable information about environmental conditions during each of Late
Pleistocene loess accumulation period a complex of methods was used. Sand grain
quartz morphoscopy shows that the Late Pleistocene loesses of West Siberia were
formed by aeolian processes prevalence, presence of cryogenic, and partly by
chemical weathering. The presence of cryogenic processes is also confirmed by
annular distribution of mineral part in micromorphology structure of loess. Degree
of surface dullness and amount of matted grains are higher in the Tulino loess in
comparison with the Bagan and the Eltsovka loesses. It seems to be accounted for
by prolonged handling in air environment. The distribution of coarse-silt fraction,
median grain size and U-ratio, as it was shown by grain-size analysis, increases
from the Tulino loess (MIS-4) to the Bagan one (MIS-2). It is the evidence of
intensification of environmental activity during the Late Pleistocene. It goes with
increasing of loess accumulation rates during that time and with sand quartz grain
morphoscopy results. It is supposed that the general trend of aridization and
cooling was not constant. During the 2nd half of Sartan Glaciation (MIS-2) there
were the coldest and driest conditions in the Novosibirsk Ob Region that was
favorable for wide development of aeolian activity (Sizikova and Zykina, 2015).
The distribution of main oxides (RFA) and elemental ratios (ICP-AES: Ba/Sr,
Sr/Ca, Mg/Ca, Mg/Sr) show the tendency of drying from the Tulino loess
accumulation period to the Bagan. There are marked several peaks of insignificant
humidification of climate that seems to have cyclic character. Unfortunately, so
important section has a lack of dating. It was dated several times by radiocarbon
dating of upper Iskitim paleosol (MIS-3) and data obtained showed the Upper
Karga age (MIS-3). Revealed by multi-proxy study oscillations might be traces of
reflection of some global oscillation like Heinrich events. Planned OSL dating will
allow to confirm or refute this interesting assumption.

The research was supported by the joint grant of the RFBR and the
Government of Novosibirsk region (Project Ne 18-45-543007);by state assignment
of Russia (Project Ne 0330-2016-0017) and by the RFBR (Nel6-05-00371).
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Subaerial deposits are widespread on various landforms in different
geomorphological settings. The bedding of the subaerial cover was traced in on the
middle terraces of left bank of the river Katun in the area of its middle stream from
the mouth of the Chuya river up to the mouth of the Big Ilgumen river. The most
full 4 sections of cover loess-like loams were studied in detail: near place Ouk
(small clay quarry 3 km along the road R-256 to south from Inya village), place
“Stone Garden” near Inya village (near big slate boulder closed to culvert chanel),
small clay quarry near Cordon, (2,5 km on south-south-east from the Big llgumen
mouth), in gully near “Yaloman ancient town” (500 m on the south-west from Big
Yaloman mouth). The general structure of the sections is determined: river pebbly
deposits are covered by laminated floodplain sands, on which lie subaerial loess-
like loams. The thicknesses of the subaerial part of the sections are not strongly
sustained in the lateral. In the studied sections, the thickness of subaerial loess-like
loams varies from 0.9 m to 1.4 m, often the river deposits of terraces are covered
just by a thin subaerial cover of 10-20 cm. In the subaerial part of the sections
“Yaloman ancient town” and Cordon, the horizon of the paleosol, overlain and
underlain by loess-like subaerial loams, is distinguished. In the first section it is
represented by an weak developed paleosol (depth of 0.55-0.85 m). In the Cordon
section the paleosol lies at a depth of 0.45-0.75 m, its humus horizon is broken, it
Is presented as separate humus spots and dark brown lenses traced along the lateral
pit, coal inclusions are noted. The age of 8650 + 190 years / 7746 + 223 cal BC by
1o [SOAN-9487] was determined from humus acids fraction, which indicates the
relative humidification/warming of the climate in the early Holocene (Boreal) and
the activation of loess formation processes in the post-boreal period on this
territory. To establish the genesis of loess-like loams, sand quartz grain
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morphoscopy was applied. The grains from the subaerial deposits from all the
studied sections have average roundness classes, micro-pitted texture, quarter-
matted - half-matted surfaces, which is a feature of the air transportation of grains.
In addition to the signs of aeolian transport, a number of grains are marked by a
conchoidal fracture indicating the formation of deposits in cold conditions. Data on
grains from underlying laminated sands showed that the last agent of their
processing was sub-aqua processes. This is evidenced by the fine-pitted surface
texture and characteristic VV-shaped depressions, the predominance of glossy and
quarter-matted grains. The predominance of grains of low roundness classes may
indicate a close transfer of grains, the strength of the flow and the length of stay of
the sediment in it. Often in the samples there are grains with traces of the
preceding glacial processing, which may indicate the source of material when
eroded glacial deposits. The studied loess-like loams were formed by the aeolian
path during short-term cooling / drying of the Holocene paleoclimate, and the
underlying sands - in the sub-aquatic conditions of the river floodplain or standing
water in a more humid and warm settings. In spite of the small thickness of loess-
like sediments spread on terraces, a more detailed study and dating of these
deposits will help to identify climatic fluctuations in the area, which probably
affected the river flow and erosional activity of rivers, so, the time of terraces
formation. In the Boreal period, traces of soil-forming processes were noted, after
which the activation of the loessic accumulation took place in the studied part of
the Altai Mountains.

ATELIAN PERIOD OF THE LOWER VOLGA REGION
Yarovaya, S." Kurbanov, R.» %2 Yanina, T.", Belyaev, V. !, Badyukova, E. *

'Moscow State University, Leninskiye Gory, GSP-1, Moscow, Russia,
sofya.yarovaya@gmail.com
?Institute of Geography RAS, Staromonetny per., 29, Moscow, Russia
3Schmidt Institute of Physics of the Earth RAS, Bolshaya Gruzinskaya, 10/1, Moscow,
Russia

The Atelian regression was the longest period of a Caspian Sea level lowstand
in the Late Pleistocene during which Northern Caspian Depression experienced
continental sedimentation. During this period a thick sequence of subaerial
deposits was formed and can be described in series of natural outcrops along the
Lower Volga valley. In local stratigraphic scheme this strata is identified as so-
called “Atelian suite” that reaches up to 10-15 meters in thickness.

A series of works describes stratigraphical position and structure of the
Ateliansuite, with most of the published materials considering the engineering and
geological properties of sediments. However, even engineering geological
publications paid attention to the problem of genesis of this continental sequence,
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and hence to the conditions of the natural environment in which sedimentation
took place. Paleogeographic reconstructions of the natural environment of the
Northern Caspian during the Atelian time are very difficult task due to
contradictions in views on the structure, age, lithological properties and genesis of
Atelian deposits.

The characteristics of a separated Atelian suite and the discussion for
regularities in the distribution of loess-like subaerial formations of the Atelier age
in the Caspian lowland were made in works of P.A. Pravoslavlev, M.M. Zhukov,
G.l. Popov, A.l. Moskvitin, P.V. Fedorov, V.P. Grichuk, Yu.M. Vasiliev, V.K.
Shkatova, A.A. Svitoch, T.A. Yanina, Yu.A. Lavrushin, A.L. Chepalyga and
others.

Thus, a review of the main works describing the Atelian suite can reveal the
following characteristics of it: 1) It is a monotonic stratum of loesslike sandy loam
and loam, a light yellow-pale, with vertical fracturing, visible pores, holding
vertical wall; 2) It is underlined by the horizon of alluvium (Akhtubinsk sands)
penetrating into the underlying hydromorphic soil with frost wedges; or with
erosional lower boundary cowerin Upper Khazarian deposits; 3) Stratigraphically
he Atelian suite is based on Upper Khazarian deposits with traces of deep erosion
(Volkov, 1971); 4) It is usually covered by thick marine sediments of the Early
Khvalynian transgression (chocolate clays) with a clear contact and traces of
erosion, sometimes with traces of permafrost processes; 5) It contains paleo-soil
horizons; loess-like loam characterized by the presence of organic matter, gypsum,
carbonate concretions and other traces of soil formation; 6) Terrestrial
malacofauna shows arid and cold conditions (Koptev, 1966).

The genesis of the Atelian deposits in the Lower Volga region, which
represent the stage of the most severe fall in the level of the Caspian, is still
guestioned in the liturature. Analysis of the published material revealed two most
common points of view. According to the first, the Atelian stratum is a complex
formation, the upper part of which is represented by loesslike continental
sediments (Svitoch, 2016). The second, the most common, describes them as
predominantly subaquatic - alluvial, reworked by permafrost processes (Shkatova,
1975; Kolomiytsev, 1985).

The age of the Atelian suite is also a debatable question. Different scientists
attribute the formation of the Atelian stratum to different epochs. T.A. Yanina and
A.A. Svitoch - the time of maximum stage of the Kalinin glaciation (MIS 4) - the
maximum of Ostashkovsky glaciation (the beginning of MIS 3); Yu.M. Vasiliev -
Dnieper (Saalian) glaciation — Mikulino (Eemian) imterglacial; E.N. Badyukova,
G.l. Rychagov - Valdai interstadial (MIS 4 and 3), Yu.A. Lavrushin - MIS 5 (2
stages inside the atel regression, separated by the Hirkanian transgression), A.L.
Chepalyga - MIS 2.

New results on stratigraphy and chronology of the Atelian suite of the Lower
Volga prove the position of prof. A.A. Svitoch: "The regression time is determined
by the stratigraphic position of the continental adjournment corresponding to it, the

nature of the fossil remains and absolute dating results. According to the majority
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of researchers, this strata was formed during the middle part of the Late
Pleistocene (70-30 thousand years ago)" (Svitoch, 2016).

Thus, the maximum of the Atelian regression refers to MIS 4. The final stages
of the atelier era refer to the beginning of the MIS 3. The definition of the Atelian
suite in the stratotypical Raigorod section as loess (according to the complex of
typical loess features, traces of cryogenesis at the lower boundary and existence of
paleosols) confirms the hypothesis of cold periglacial depositional environment.
The signs of pedogenesis, especially in the top part of the thickness, describes the
inhomogeneity of the climate and phases of warming at the final stage of the
regression epoch.

The work is supported by Russian Science Foundation, project 16-17-10103.
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The loess and aeolian sands deposition in the West Siberian Plain was
accompanied by the formation of different aeolian relief. The aeolian relief
widespread in West Siberian Plain and consist of negative and accumulation
landforms. The negative landforms are presented large deflation surfaces and
closed deflation basins. The latter are widespread in southern West Siberia and are
often filled with closed (not overflowing) lakes. Their aeolian origin in arid climate
Is indicated by desert pavement, ventifacts, carbonate crusts, and desert varnish on
bedrock pebble and debris. More evidence is found in cracked cobble on the floor
of the Lake Aksor deflation basin in the Pavlodar Irtysh region, which subsided
during the Ermakovian glacial equated to MIS 4, and in mudcrack wedges on the
bottom of Lake Chany whose basin dates back to the Last Sartan glacial or stage 2
of the 6 180 stratigraphy. The >70 m deep closed deflation basins of lakes Kyzyl-
Kak, Teke, Kishi-Karoi, and Ul'ken-Karoi appear to be older. The wind-borne
sediment transport from the deflation basins occurred repeatedly during the stages
of cold and dry climate. The accumulation landforms are likewise genetically
related to loess deposition. In West Siberian Plain they form the well preserved
sand-ridge topography of the Last Glacial and long-lasting wide low ridges in
eastern Kulunda. The distribution and orientation of the aeolian landforms
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produced during glacials suggest their origin by transport with mostly western
winds. The principal wind directions can be inferred from relative sizes and
positions of negative (deflation basins) and positive (dunes) aeolian landforms that
originated during glaciations (Bouler, 1976).

The aeolian topography, the best preserved in the southern West Siberian
plain since the Last Glacial, consists of ridges (large dunes) oriented along the
wind direction and deflation basins. The dunes are of subaerial origin evident from
the boundaries between their constituent layers. They lack signatures of erosion by
water, hydraulic sorting of material, or gleying but contain thin soil profiles and
small desiccation cracks. The deposition of dunes was associated with different
processes: aeolian deposition, deflation, formation of soils (brief episodes) and
their desiccation cracking, and formation of thin carbonate layers and gypsum.

The location of deflation basins (lakes) west of transverse crescent-shaped
dunes on their leeward margins, as well as the orientation of longitudinal dunes,
indicate predominant western air transport. The western transport was largely
responsible for erosion and deposition in middle latitudes during glacial stages. Its
increase during glaciations in eastern Asia coincided with intense winter
monsoons, likewise with a mainly western wind direction. The Late Holocene
dunes are composed of aeolian sands with buried soils and are overlain by an
immature modern soil. They are localized along the eastern sides of lakes and
reach 10 m high. The dry and cold intervals were associated with aeolian
processes, fall of lake levels, deflation, and accumulation of dunes, while the
relatively wet and warm stages were the times of soil formation. Radiocarbon ages
and correlation with tree-ring data indicate that the subaerial deposition represents
a 200-300 year quasi-periodicity of dry and cold cycles alternating with periods of
wet climate at air temperatures about those at present.

The research was supported by the state assignment of Russia (Project No
0330-2016-0017) and by the RFBR (Project Nel6-05-00371).
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Loess formation is widespread over all relief elements on forland, low and
middle Altai Mountains. Its thickness varies from 6 to 25 meters. The stratigraphic
division and paleogeographic evidence of the studied sections based on the data of
complex investigation, including lithological, paleopedological, paleomagnetic,
radiocarbon and geomorphological methods. According to the stratigraphic scheme
of loess-paleosol sequence (LPS) of Siberia, 5 pedocomplexes and 7 loess
horizons, dividing pedocomplexes, were estimated in the studied area. The detailed
correlation of sections with similar diagnostic features of one-aged buried soils and
its pedocomplexes-markers (the Iskitim — MIS-3, the Berdsk — MIC-5e,c, the
Shadrikha — MI1S-11) allowed to determine the age of studied loess formation as
Middle-Late Pleistocene. Sections of foothill part presented by loess series of the
end of the Middle to Upper Pleistocene, corresponding to MIS-1 — MIS-7.

Sections of the low mountain of the Altai are the most stratigraphically
complete (Krasnogorskoe 1,2), the age of its LPS is equal to the 2nd half of the
Middle Pleistocene and to the Late Pleistocene (MIS-1 — MIS-12). On higher relief
elements the thickness of the formation decreases and its age is limited to stage
MIS-1 — MIS-6. In the mid-mountains of Altai the LPS of the section “Karakol”
has the same age. In the Karama section it increases from MIS-1 to MIS-9. The
modern soil cover of studied territory presented by chernozems, formed in forest-
steppe zone under wetter conditions, than in West Siberia. The Karga (MIS-3) and
Early Zyryanian (MIS-5¢) interstadials presented by chernozems with simple
profile structure, it has smaller thickness than the modern ones. It was caused by
lesser warming degree and by short duration of these intervals, climate was more
cold and arid. Chernozems texture-illuvial, having thick differentiated soil profiles,
were formed during the Kazantsevo interglacial (MIS-5e). Specific burozem-like
chernozems keeped the features of brown forest and chernozem soils, developed
during the Koinikha warm stage (MIS-7). Dark burozems with well-developed
profile formed during the Shipunovo warm stage (MIS-9). The soil cover of the
Shadrikha interglacial (MIS-11) presented by well-developed burozems. Buried
soils of Middle Pleistocene warm stages were formed for a long time under warmer
and wetter climate than the modern climate. Grain size data of seven loess layers,
separating pedocomplexes, reveal the trend of dynamic activity of loess
environment during the Late Pleistocene. There are high values of the Degree of
surface dullness and of the Coefficient of roundness with widespread micropitted
surfaces on sand quartz grains in all loess layers. It is the evidence of its aeolian
origin during cryo-arid climate. The clay content is decreasing from MIS-12 to
MIS-2: Middle-Pleistocene layers are 1,5-2 times more clayed unlike Late
Pleistocene layers. There was intensification of climate aridization and
atmospheric circulation during the glacial stages. The atmosphere was saturated
with dust, which formed loess covers after deposition. There were cold deserts and
extensive deflationary surfaces and closed deflation basins were formed during that
time. Thus, in mountain areas loess horizons and buried soils keep the main
structure and morphological features, specific for them in the West-Siberian plain.
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This allows to correlate loess-paleosol sequences of there regions, such
heterogeneous in geomorphology.

The research was supported by the state assignment of Russia (Project Ne
0330-2016-0017) and by the RFBR (Project Ne16-05-00371).
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traced from the Taimyr Peninsula to Alaska. The thickest Late Pleistocene Yedoma
Is actually cryopedolith containing 2-3 palaeosols with rodent burrows (Zanina et
al., 2011). Older silts with ice wedges are separated from the main Yedoma body
by interglacial peat layers. The exceptionally detailed study with numerous
radiocarbon dates of the Yedoma formation on an East Siberian shore indicates
typically continental cryoarid environments without significant warmings and sea
ingressions during the last 60 ka (Sher et al., 2005).

The obvious conclusion is that all lithological varieties of loess-like cover
silts of northern Eurasia belong to the historically same subaerial formation
reflecting arid environments which dominated the Pleistocene periglacial
landscapes.
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Knowledge of past temporal and spatial dynamics of large-scale atmospheric
systems over Europe is of major importance for the understanding of
palaeoclimatological conditions. In this context, the European continent stands out
as a region that receives competing influences of Atlantic, Mediterranean and
continental climates. Past dynamics of associated atmospheric circulation patterns
and the resulting environmental conditions are potentially recorded in the regions’s
palaeoclimate archives. While western Europe’s palacorecords exhibit an Atlantic
climate dominance, South-Eastern Europe’s paleoclimate iS characterized by the
interaction of several large scale atmospheric systems. Loess-palaeosol sequences
serve as highly informative archive recording dust dynamics controlled by
atmospheric circulation patterns as well as the resulting environmental conditions.
The present study compares high resolution grain-size, environmental magnetic,
colour and geochemical data from three loess-palaeosol sequences situated along a
West-East transect from the Rhine valley through the Middle and Lower Danube
Basins to the Black Sea coast. In context with other Eurasian palaeo-records, we
reconstructed past environmental conditions and the underlying interactions of the
prevailing atmospheric circulation patterns over Europe during the flickering North
Atlantic climate fluctuations of Marine Isotope Stages (MIS) 4, 3, and 2. We
demonstrate a pervasive Atlantic climate influence over Europe potentially
reaching as far east as the Lower Danube Basin during middle MIS 3. While the
extent of the Fennoscandian ice sheet was limited during late MIS 4 and late MIS
3, strong teleconnections to the Eurasian High caused enhanced continental
conditions in Eastern and South-Eastern Europe. Such a climatic and
environmental change combined with the impact of the Campanian Ignimbrite
eruption potentially contributed to the enhanced westwards dispersal of
Anatomically Modern Humans along the Eastern European Plains during middle
MIS 3. The MIS 2 advance of the Fennoscandian ice sheet introduced easterly
winds in central Europe. Westerlies were shifted southwards towards the
Mediterranean Sea inducing a relatively mild and humid environment in the
Middle Danube Basin and the Balkan Peninsula.
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Introduction. Loess-paleosol sequences provide key aeolian archives for
Quaternary climate changes. Loess as an aeolian sediment are closely related to
climate changes during mobilization, transportation and deposition process. Grain
size (GS) and magnetic susceptibility (MS) of loess sediments are regarded as
important paleoclimatic proxies in the Chinese Loess Plateau (An, et al., 1991).
Loess sediments are also extensively distributed in westerly-dominated Tianshan
Mountains area (Dodonov, 1991). However, their paleoclimate proxies are not
fully understood by now. In this paper, we selected Bole loess section from north
piedmont of Tianshan Mountains to investigate the paleoclimatic significances of
these proxies. This section provides an important archive for climatic and
environmental change history in the arid Central Asia. Methodology MS was
measured low-(0.47 kHz) and high-(4.7 kHz) frequency magnetic susceptibility,
and calculated Frequency-dependent magnetic susceptibility (yfd) and frequency-
dependent magnetic susceptibility (xfd%). The grain size-standard deviation
method here has been employed to extract the environmental sensitive components
(Boulay, et al., 2003). The visual curve matching method is used to establish age-
depth model of this section (Groot, et al., 2014), due to deficiencies and
shortcomings of 14C age. Results and Discussions xfd and yfd% yield consistently
low values throughout the BL section, suggest weak pedogenesis, and MS is more
strongly influenced by allogenetic magnetic minerals than pedogenesis. Therefore,
wind strength may control on the MS enhancement of this section. The BL loess is
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dominated by fine silt-sized particles, two sensitive components (< 31.7 um and
31.7 ~ 282.5 um) were distinguished, represent suspension after dust storm and
proximal deposit component mainly transported by dust storms, respectively. We
compare the 31.7 ~ 282.5 um sensitive component to 6180 records from
Greenland ice core and the July solar insolation at 65°N based the age-depth
model, variations in grain size of this section indicate good correlations to the
global climate change especially millennial scale climate events during MIS3.
Conclusions The BL loess is a typical aeolian sediment, which experiences very
weak pedogenesis. MS variabilities are controlled by wind strength. Two sensitive
components represent suspension after dust storm and proximal deposit component
mainly transported by dust storms, respectively. Our GS results also support that
the Westerlies plays an important role in transmitting the signal from the North
Atlantic to the East Asia.
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Introduction. The extensive loess deposits of Northern Iran occur in the two
different loess provinces of the Alborz Mountain footslopes and the so-called
Iranian Loess Plateau and reach a thickness of about 70 m. A pronounced
precipitation gradient of about 800 mm year-1 over 80 km from north to south and
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corresponding vegetation from dry steppe over steppe grassland to forest
vegetation provides condition for the formation of a variety of modern soils on
loess and will have governed soil formation during the past as well. In this study
we discuss the major properties of modern and fossil soils and suggest
pedostratigraphic correlation of loess-paleosol sequences developed along assumed
precipitation gradients of the past.

Methods and Materials. Eight representative pedons were selected in a
south-north direction on loess deposits. The climate data show that precipitation
varies from 200mm in the upper north regions to up to 900mm in the southern
areas of Alborz north facing slopes in less than 80 km latitudinal distance. Three
loess-paleosol sections were also investigated on the south — north gradient.
Sedimentological and pedological properties were investigated to characterize the
development degree of soils and use them for correlation of loess-paleosol
sequences at Neka, Toshan, Now Deh and Agh Band.

Results and Discussions. In the northern arid regions, aridisols with
gypsum and carbonate accumulations are formed. Organic matter accumulation
and the formation of mollic epipedon are the dominant processes occurring in the
steppe. Calcification and formation of calcic horizons are typical for loess derived
soils. In the north-facing slopes of the Alborz mountain ranges with the forest
vegetation and higher rainfall, deeper leaching of calcite and formation of the
argillic horizon are dominant. The loess-paleosol sequences reflect diachronic
changes in dust accumulation rates and testify formation of interstadial or
interglacial paleosols at land surfaces of the Middle to Late Pleistocene.
Pedostratigraphy backed by luminescence dating show a clear regional correlation
of loess-paleosol sequences along the Alborz Mountains foothills. Strongly
developed paleosols reflect major soil forming periods during the Eemian
Interglacial (~MIS 5e) and during interstadials of the Early Last Glacial (~MIS 5c,
5a), while weakly developed palaeosols likely formed during interstadials of the
last and penultimate glacials. Comparing with paleosol formation in the Iranian
Loess Plateau it appears very likely that pedogenesis of interglacial paleosols was
governed by similar climate-controlled trends to those reflected in the modern
soils.

Conclusion. The loess-palaeosol sequences represent excellent records of
(Late) Quaternary climate change in the area.
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Introduction. Airborne mineral dust can influence climate and human
survival both directly and indirectly (Shao, et al., 2011). Arid Central Asia (ACA)
Is significant and abundant source of dust and sand storms (Groll, et al., 2013)
which is inferred to be responsible for buildup of thick loess deposits there. Hence,
loess deposits in turn enable the possibility of archiving dust variabilities over the
past, and give insights into understanding dust-climate linkages and underlying
mechanisms of dust activities. However, information about those in ACA are as
yet sparse. The Ili Basin, east of ACA, provides an ideal site to investigate ACA
loess due to the favorable trapping landforms and the widespread, thick loess. A
suitable loess section, located at east of the Ili Basin, is investigated to understand
dust depositional variability. Methodology The age-depth model is established
based on the previously published OSL chronology (Song, et al., 2015), with
Bayesian approach.

The grain size distributions and mass accumulation rates (MARS) are
presented. Grain-size measurement follows the routine method (Lu and An, 1997),
allowing to reconstruct wind dynamics. Dry bulk density is measured to calculate
MAR. Organic matter content is examined as an indicator of humidity for
elucidating MAR variabilities. Results and Discussions Proportions of sand-sized
fraction act as a sensitive index of wind intensity. Availability of sediment is also
the important factor for driving MAR variations, other than wind strength. That
mainly explains mismatches between variations in wind intensity and MAR. Wind
strength seems likely to be driven by different forcing in cold and warm periods (or
stadial and interstadial) respectively, with being affected by the Eurasian ice sheets
in cold periods and by the boreal summer insolation during warm periods.
Dustiness in Central Asia can be related to the North Atlantic Oscillation (NAO)
phases. Variations in precipitation over the wintertime associated with NAO
controls the sediment availability in the provenance. We compare dust records in
the Asian sources (Central and East Asia) and the downwind depositional areas
(North Pacific Ocean and Greenland). Changes in dust source areas, transporting
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pathways and depositional areas are taken into account simultaneously to
understand Asian dust activities. Consequently, we get improved insights into
Asian dust cycle. Conclusions. Different boundary conditions trigger wind
dynamic changes in the cold and warm periods. The North Atlantic Oscillation
(NAO) plays an important role in dustiness in Central Asia by controlling the
availability of sediments in the provenance. Here, we propose an improved model
for elucidating Asian dust export to the downwind depositional areas.
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Reconstruction of the spatial landscape pattern during the Late Pleistocene
loess accumulation in the central part of the East European Plain is one of the most
interesting issues in paleoenvironment of loess region. Our studies are based on
combination of landscape approach and pollen data. We use map of current
landscape structure of this area and results of pollen analysis from the Yudinovo
Late Paleolithic site (Sapelko, 2014) supplemented by previously published
evidences of fossil flora from loess sediment of the Desna River basin (Novenko,
2006).
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The Yudinovo section (and the Late Paleolithic site) is located in the Sudost’
River valley (tributary of the Desna R.). The section is located on the right bank of
the river, at the 2 floodplain terrace at about 7-10 m above the river bed. Two
cultural layers were determined in the Yudinovo Late Paleolithic site. Dating of the
lower cultural layer is 15000-13500 14C yr BP while dating of the upper layer is
12500-12000 14C yr BP (Khlopachev, 2015).

Our spatial reconstructions was performed for the period previous to human
occupation wthen the main natural processes were loess accumulation in the
periglacial zone of the Late Valdai Glaciations.

According to obtained results landscape of the study area during loess
accumulation was characterized by mosaic structure and included combinations of
various plant communities these belonged to particular landforms. The steppe and
meadow-steppe communities seem to be dominant on flat interfluves (proportion
of non arboreal pollen in the pollen assemblages is 80-90%).

The fossil flora contains typical species of those communities — xerophytes
and xerohalophytes (Eurotia ceratoides, Kochia .prostrata, Ephedra distachya,
Artemisia); those plants are indifferent to temperatures and grow at present in
southern steppes, deserts and semi-deserts. Besides, the periglacial steppe
formations included Chenopodium viride, Kochia laniflora, Thalictrum contortum,
etc. Judging from ecological requirements of the species and characteristics of
modern communities including those species, the periglacial steppes of the past
suggest a rather simple structure, sparse ground cover, and reduced amount of
grass as compared with dwarf shrubs. In typical assemblages with Eurotia, Kochia
or Ephedra as edificators the degree of coverage is locally as low as 15-20%.
Steppe meadow occurred in shaded and wetter localities on gentle slopes along
with periglacial steppe communities. Plants of disturbed soils or barren ground
features noticeably in the vegetation, not only in river valleys, but also on flat
interfluves. A considerable species diversity of this group suggests those
communities were an important component of periglacial environments and
possibly covered large areas. The floodplain of Sudost’ valley was occupied by
meadows, locally wet, with shrubs and isolated tree stands. The valley
communities included microtherms which occur at present in tundra and forest—
tundra (Betula nana, Botrychium boreale, and Selaginella selaginoides). The better
protected habitats featured plant assemblages including patches of woodlands
(Betula, Pinus), shrubs, and mesophilic meadow communities.

This study was partially financed by Russian state budget as a branch of
research project Ne 0154-2018-0004 (state registration Ne01201363380) and
partially contributes to the Russian Academy of Sciences Fundamental Research
Program, paragraph 127 (State Task 0148-2018-0002, Registration Number
01201352492).
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THAWING MIS-2 PERMAFROST TRIGGERS LANDSCAPE
INSTABILITY AND WIDESPREAD EOLIAN ACTIVITY
ACROSS THE UPPER MIDWEST, USA
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Many loess deposits occur as more-or-less continuous deposits across large
swaths of the landscape, becoming progressively thinner and finer-textured
downwind from their source region(s). However, in areas like the Great Lakes
region of the USA, where loess deposition was relatively rapid and temporally
short during the MIS-2 glacial retreat, and at sites farther from prodigious source
areas, loess deposits are thinner and spatially discontinuous; some inlier areas lack
loess entirely. In this talk, I discuss the reasons for such spatial variation, with
specific examples from the MIS-2 age loess landscapes of western Wisconsin,
where our research group has amassed loess data from >1000 sites. We have strong
anecdotal evidence for a widespread eolian erosion event in this region, likely
triggered by thawing permafrost, which began as the MIS-2 was retreating. This
thaw event appears to have been associated with strong storms on an as-yet-
unforested landscape. Thus, it facilitated erosion and redeposition of loess and
dune sand at preferred sites, leading to the complex spatial pattern of loess in this
region.

The study area, centered on the Chippewa River valley in western
Wisconsin, is a mix of sandstone bedrock-controlled uplands in the west, and
lower-relief, till-covered plains in the east. The Chippewa River carried MIS-2
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aged outwash, and was a loess source, as was the Mississippi River to the
Immediate west. Given the proximity of two prodigious loess sources, one might
expect a thick continuous loess cover in the valley; instead, there exists only a
highly patchy loess cover. Much of the valley is floored with sandy soils and lacks
loess entirely. The thickest (> 5m) loess deposits are on the lee (SE sides) of large
bedrock uplands. These deposits can extend downwind for 1-3 kms, and follow a
clear NW-SE trajectory, indicative of transport on strong NW winds. They likely
represent “wind-shadow” deposits. The NW sides of these ridges have either thin
loess, or none at all, and many show evidence of erosion. Most of the smaller
ridges were apparently too low to develop a notable wind shadow, and thus lack
measurable loess on all sides. Many ridges are eroded down to bedrock,
presumably through a combination of periglacial stripping and eolian erosion.

This area was presumably rife with permafrost for millennia, centering on
the LGM. Later, as the ice withdrew from the northern parts of the study area,
permafrost thawed, leading to landscape instability. Any loess still present on
hillslopes became unstable at this time; much of this loess ended up as colluvium
in footslope positions. Because the landscape was at this time unforested, much of
the loess was eroded by strong winds, as indicated by ventifacted boulders.
Luminescence dates indicate that this period of loess re-deposition may have
continued into the early Holocene.

In summary, the complex response of this landscape to thawing permafrost
and strong storms led to erosion of preexisting loess, which was likely derived
from “traditional” valley train sources. Abundant sand in the landscape helped
deflate this loess, via saltation. The loess was then largely re-deposited downwind,
either in the lee of large bedrock uplands, or farther downwind on flatter, wetter till
plains.

ANDREY ALEKSEEVICH VELICHKO: HIS CONTRIBUTION TO
LOESS-PALEOSOL STRATIGRAPHY AND EVOLUTION OF SOIL
FORMATION THROUGH THE PLEISTOCENE

Sycheva, S., Timireva, S., Tsatskin, A., Panin, P.
Institute of Geography RAS, Moscow, Russia

Andrey Alekseyevich Velichko (1931-2015) began investigating loess and
paleosol sequences on the Paleolithic sites in the Desna R. drainage basin in the
early 1950s, as a graduate student. He was then the head of a team specializing in
the studies of loess (T.A Khalcheva) and paleosols (T.D. Morozova). In 1971 he
set up the Laboratory of Paleogeography (sisnce 1991 - Laboratory of
Evolutionary Geography) in which specialists in different fields of paleogeography
worked together. It is an integrated approach to the nature of the past that was a
distinctive feature of the Laboratory team that performed research at a high level.
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The monograph by A.A. Velichko “Natural process in Pleistocene”; it became a
book for constant rereading to several generations of paleogeographers and has not
lost its relevancy to the present day.

Among various lines of investigations the Laboratory team followed, the key
position belonged to in-depth study of the Quaternary soil genesis and evolution
and a development of the loess-paleosol stratigraphy for glaciated, periglacial, and
non-glaciated regions of the East European Plain. Along with those, considerable
efforts were applied to understanding environments of human habitation on
Paleolithic sites and adaptation processes of the early humans. It is more than once
that A.A. Velichko and his colleagues had to argue for their stratigraphic scheme
of the East European Quaternary against other Quaternary geologists. Finally, it
was acknowledged and accepted by the Moscow Stratigraphic Committee. All the
subsequent years the team headed by A.A. Velichko has been accomplishing and
refining the scheme on. The work is still continued.

The subjects A.A. Velichko and his colleagues deal with in their research are
highly diversified. They include the evolution of soil forming processes through
the Pleistocene; Reconstructions of soils of the Mikulino Interglacial, Bryansk
Interstadial, the Holocene optimum; the relict cryogenic landforms and its impact
on the erosion and soil formation; old ice sheets; correlation between the
continental and marine sequences; long-period climatic rhythms; quantitative
reconstructions of climatic fluctuations over the last 450 ka yr; carbon dioxide
emission and global warming: and many others. The problems of evolutionary
geography and adjoining areas of knowledge were widely covered in his popular
articles that regularly appeared in periodical “Priroda” (Nature).

Studies were carried out within the framework of the State Program 14 on
the theme "Geographical assessment of natural and anthropogenic soil evolution
based on the concept of soil memory for the purposes of rational nature
management™ (0148-2016-0003).

PALEOCUTS, PALEOSOLS AND LOESSES IN NOVOPOSELKOVSKY
QUARRY AS A REFLECTION OF DIFFERENT PLEISTOCENE
CLIMATIC RHYTHMS

Sycheva, S.A., Grigorieva, T.M., Kovda, 1.V., Pushkina, P.R., Semenov, V.V.,
Shorkunov, 1.G.

Institute of Geography RAS, Moscow, Russia

Interglacial and interstadial palaesols and loesses are the indicators of
climatic changes, which were especially pronounced in the Middle and Late
Pleistocene with 100 000 years interglacial-glacial rhythm as the leading one,
acting together with 44 000 years and 23 000 years interstadial Milankovich’s
rhythms.
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Novoposelkovsky quarry is located 10 km southwest of Kursk at a distance
~5 km from Aleksandrov open pit, and contains a number of indications of the
main Pleistocene rhythms. This Middle to Late Pleistocene section located in the
extra-glacial region of the Central Russian Upland includes 11 paleosols separated
by sediments of variable genesis, including loesses, paleocuts of different age,
layers with cryogenic morphologies, buried landslides. At the base of the loess-soil
sequence there is a well-developed paleosol we named Novoposelkovsky is
expected to be formed under humid subtropical climate (Luvisol). This soil is the
analogue of Balashov paleosol according to A.A. Velichko. The bottom of the
loess-paleosol sequence contains the stable signs of a reversed magnetic poles - the
Matuyama-Brunhes boundary, which indicates that the above laying sediments and
soils have been forming during the last 780 kyrs.

The three large paleocuts correspond to the periods of deep erosional
dissection of the watershed plateau. These large and smaller paleocuts testify that
each interglacial period was preceded by an epoch of cutting. Seven interglacial
soils including modern chernozem and three late Pleistocene interstadial paleosols
are the main indicators of warm epochs. Interglacial texturally-differentiated
paleosols expected to be formed under forest biocoenoses have been forming after
large cutting epochs. Interglacial chernozem-like soils expected to be formed under
forest-steppe ecosystems have been formed at more leveled surface. Many
paleosols have undergone several stages of the development including not only
pedogenic stages, but sedimentary stages as well, and could be interpreted as
pedolithocomplexes.

Interglacial soil-loess alternation clearly reflects the impact of 100 000-years
interglacial-glacial rhythm. The alternation of large cutting epochs and epochs of
stabilization corresponds to more prolonged rhythms. The influence of 20-40-kyrs
rhythms is fixed for the late Pleistocene by an alternation of loesses and
interstadial paleosols, which are less developed than interglacial soils.

Evolution of pedogenesis and sedimentation in the Middle and Late
Pleistocene is clearly shown in the structure of the loess-paleosol sequence in
Novopoleskovsky quarry. The increased role of aeolian factor was found for the
end of Middle Pleistocene and Late Pleistocene (Moscow and Late Valday
loesses). The climates of warm periods varied from subtropical to temperate and
periglacial.

Studies were carried out within the framework of the State Program 14 on
the theme "Geographical assessment of natural and anthropogenic soil evolution
based on the concept of soil memory for the purposes of rational nature
management" (0148-2016-0003).
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EVALUATION OF THE PALEOCLIMATIC RECORD OF CHINESE
LOESS ON ORBITAL SCALE USING A MATHEMATIC MODEL OF
LOESS ACCUMULATION

Yao Wang', Huayu Lu?

! School of Geography and Ocean Science, Nanjing University, Nanjing 210093, China
njdxwangyao@163.com
2 School of Geography and Ocean Science, Nanjing University, Nanjing 210093, China
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Keywords: Chinese loess deposition, hiatuses, rate of loss of loess deposition,
mathematic modelling, orbital time scale.

The stratigraphic continuity and completeness of Chinese loess deposits
should be examined before using them for paleoclimatic reconstruction. Dust
deposition in China is influenced by the East Asian Winter Monsoon (EAWM) and
the distribution and characteristics of dust source areas; however, it is also
influenced by post-depositional processes including pedogenesis and surface
erosion. In this study, we use a simple mathematical model to simulate the
development of Quaternary loess-paleosol sequences, with the aim of evaluating
the quality and stratigraphic integrity of Chinese loess deposits. Our modelling
grain-size time series can be divided into three intervals, based on distinctive
characteristics: 2.5-1.6 Ma, 1.6-0.9 Ma and 0.9-0 Ma. We estimate that the rates of
loss of loess accumulation compared to modelled values were ~24% during 1.6-2.5
Ma and ~6% during 0.9-1.6 Ma.

Since ~0.9 Ma, the loess accumulation rate accelerated and loess deposition
was less affected by post-depositional disturbance; therefore, the rate of loess loss
was less compared to the modelled record. In addition, the occurrence of
precessional cycles within most interglacial-glacial cycles within loess records may
represent changes in dust source area and vegetation coverage controlled by the
Asian Summer Monsoon (ASM). In addition, the occurrence of three hiatuses in
the loess-paleosol sequence since ~1.6 Ma, with a ~500 kyr recurrence interval,
was likely caused by a lower dust deposition rate during weak glaciations.

MILLENNIAL SCALE CLIMATIC OSCILLATION RECORDED
BY THE ILI AEOLIAN LOESS DURING THE LAST GLACIATION
IN CENTRAL ASIA

Yougui, Song *?, Yue, Li*, Liangging, Cheng’

! State Key Laboratory of Loess and Quaternary Geology, Institute of Earth
Environment, Chinese Academy of Sciences, Xi’an 710061, China
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Introduction. The westerlies-dominated arid Central Asia is the furthest
dust source from the oceans and plays an important role in global change. Central
Asia is also one of the most significant loess regions on Earth, located between the
well-studied European loess sequences to the west and the extensive Chinese
Loess Plateau to the east. This enables researchers to carry out interregional
paleoclimatic investigations along a west-east transect across the entire Eurasian
loess belt of the Northern Hemisphere. However, there are few reports of climatic
change during the last glacial period in arid Central Asia. The Ili basin is
surrounded by the Tianshan Mountains, and loess is widely distributed on the
terraces and piedmonts. Previous studies in the Ili basin have also identified
climatic events; however, due to geochronological limitations and a lack of reliable
proxies from this region, the amplitude and frequency of climatic change and its
possible driving mechanisms remain poorly understood. [Methodology] Based on
an updated geochronology, we apply grain size and mineralogy to determine the
timing and characteristics of abrupt climatic events during the last glacial period.
[Results] The results indicated that most of the abrupt climatic events (such as
Dansgaard-Oeschger events and Heinrich events) were imprinted in this loess
section, although their amplitudes and ages showed some differences. Compared
with the millennial oscillations recoded in loess and stalagmites in East Asia, the
arid Central Asia responded more sensitively to the warming events than to the
cooling events. [Conclusions] The shifting trajectory of westerlies across Central
Asia played an important role in dust deposition during the stadials. The North
Atlantic climatic signals may have been transmitted from Central Asia to the East
Asian monsoon regions via the westerlies.
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The loess-Red Clay deposit on the Chinese Loess Plateau (CL P) carries a
large of significant signals of the East Asian monsoon (EASM). Environmental
magnetism based on loess and Red clay has been developed rapidly in the last
several decades and provides several alternative EASM indicators. However, most
past magnetic paleoclimate studies focused on all the magnetic components rather
than every component in sediments, and the application of magnetic susceptibility
as a proxy for the EASM in the Red Clay is controversial. In order to resolve the
above problems, we calibrated magnetic parameters with different sensitivities to
precipitation and temperature (Nie et al., 2014a), unmixing the IRM (isothermal
remanent magnetization) (Nie et al., 2014b) and hysteresis loop (Zhang et al.,
2016) of loess and Red Clay samples, and exploring the formation, evolution and
driving mechanism of East Asian monsoon based on all magnetism parameters we
obtained (Zhang et al., 2017).

Specific results and conclusions are listed as follows: (1) YARM/SIRM and
YARM are sensitive to precipitation variations while yARM/yIf is more sensitive to
temperature changes, which can separate the signals of temperature and
precipitation from paleoclimate; (2) Novel IRM and hysteresis loop unmixing
results reveal that loess and Red Clay have the same magnetic enhancement
mechanism, and their differences in magnetic properties are concentrated on high
coercivity component; (3) Magnetic susceptibility can served as a reliable indicator
for EASM intensity after ~6 Ma; (4) The climatic trend of the CLP during ~ 4.5-
2.7 Ma was getting cold and humid, significantly different from the other periods.
We attribute this unique climate characteristics to persistently intensified EASM
during the late Pliocene, triggered by the gradual closure of the Panama Seaway.
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This feedback mechanism represents a fundamental reinterpretation of the origin of
the Quaternary glaciations and the impact of the monsoon.
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ENVIRONMENTAL EVOLUTION BASED ON THE STUDY OF PALEOSOLS

Degradation of chernozems under these forests proceeds with different rates. First,
the upper part of their humus horizon is destroyed, whereas the lower part is
preserved as the second humus horizon with **C dates corresponding to the Middle
Holocene. The evolution of the soil profile proceeds in the direction from thin
dark-humus soils at the beginning of MIS 1 to medium-deep chernozems of the
Middle Holocene and then to Greyzems and Luvisols with the second humus
horizon. Paleosols with the second humus horizon were also described for the
Mikulino Interglacial (Morozova, 1981). It is probable that their evolution
proceeded in the same way during the MIS 5.5 stage.

This work supported by the Russian Science Foundation, project no. 14-27-
00133
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QUATERNARY LOESS-PALEOSOL SEQUENCES IN EAST AND
CENTRAL ASIA IN COMPARISON WITH CENTRAL EUROPE -
MICROMORPHOLOGICAL AND PALEOCLIMATOLOGICAL
CONCLUSIONS
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Keywords: loess-paleosol sequences; Carpathian Basin; Loess Plateau of China;
Kashmir Basin; Tajikistan; multistory paleosols; paleoclimate.
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Detailed knowledge of the genesis of paleosols is needed to establish loess-
paleosol stratigraphies that can be used for paleoclimatic reconstruction. Most
paleosols, however, are truncated and largely recalcified from overlying loess.
Micromorphological studies allow e.g. primary and secondary carbonates to be
distinguished and provide unequivocal evidence of clay illuviation. This enables
the recognition of typical loess, weathered loess and the recognition of different
genetic soil horizons, such as CB, BC, Ah, Bw and Bt horizons.

For paleoclimatic interpretation often used records of magnetic susceptibility
(MS) gave complete opposite results in various parts of the world, therefore a
paleoclimatic interpretation of MS seems questionable. The same is true for a
,rubefication intensity*: an increase of the hematite content showed that the
rubefication of Terrae rossae in Slowakia or ,,Red Soils* in Nepal is independent of
the intensity of weathering. For further paleoclimatic interpretation some other
soil-chemical methods of investigation applied to Holocene soils cannot be used
because of post-pedogenic changes in the paleosols. On the other hand
geochemistry offers the possibility via weathering indices to quantify mean annual
precipitation and mean annual temperature from paleosols. Recent appoaches of
young Pleistocene soils in Central Europe (Mainz Basin, Tokaj/Hungary) yielded,
however, unsatisfactory results. Therefore we focus on mineralogical
investigations of the silt and clay subfractions to indicate the nature and intensity
of weathering for a paleoclimatic interpretation.

For the Brunhes epoch, the sequence at Karamaydan, Tadjikitan, is more
detailed than the corresponding section in Luochuan, China and even more than in
the Carpathian Basin except for the last glaciation, however, similar to the
pedocomplexes of the composite section in Czechia. The very good correlation
with the deep-sea oxygen isotope record of Bassinot et al. (1994) which includes
the development of an accurate astronomical time scale, allows a detailed
chronostratigraphical subdivision of the loess-paleosol sequence in Karamaydan
down to the substage level, which therefore should be regarded as a key sequence
in the temperate climatic belt of the Northern Hemisphere for reconstructing the
climate history of the Brunhes epoch. An example of the incompleteness of the
loess-paleosol sequence in the Carpathian Basin is the very strongly developed F6
paleosol, a rubefied earthy Braunlehm (-Lessivé) in the sense of Kubiena in Stari
Slankamen (Serbia) with a distinct Ckm horizon. This soil was earlier (1976)
thought being a soil of the "subtropical soil province" according to Kubiena. Later
the F6 soil was correlated with the three soils of the S5 pedocomplex in Luochuan
(1989) and therefore with the 5-6 soils in the two pedocomplexes PKVI and PKV
at Karmaydan (1998), which were formed over a period of about 140 ka, although
pedogenesis was interrupted several times by loess deposition. The F6 soil is
therefore an example of a welded or multistory paleosol. — Loess paleosol
sequences of the early Wiirm period in the Central Asian Kashmir Basin are well
comparable with those in Central Europe.
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For most of the Matuyama epoch, the central and lower parts of the
sequence at Chashmanigar/Tadjikistan show more pronounced paleosols (about
twenty) than the equivalent parts at Luochuan. In the Carpathian Basin only at
Stari Slankamen are three strongly developed though truncated rubefied
Braunlehms (F9-F11) above Neogene sediments. In Lower Austria, however,
many paleosols, mostly classified as Braunlenms, rubefied Braunlehms and
Rotlehms, are exposed, especially in Stranzendorf and Krems-shooting range.

Mineralogical investigations of the silt and clay subfractions show that there
is little difference in the type and amount of pedogenic clay mineral formation
between the Holocene soils and the paleosols of the Brunhes epoch at Karamaydan
and of the Matuyama epoch at Chashmanigar. This suggests that the interglacial
climates represented by the B or Bt horizons of the buried paleosols of late,
middle, and early Pleistocene age were roughly similar to that of the Holocene.
Therefore the partly rubefied Braunlehms of old Pleistocene age in the Carpathian
Basin and in Lower Austria must be regarded as multistory paleosols.

VERTIC FEATURES IN PALEOSOL OF RAYGOROD OUTCROP
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Loess-soil series of the Volga-Akhtuba were examined in detail in
geological studies (Moskvitin, 1962, Pravoslavlev, 1926, Svitoch, Yanina, 1997,
etc.). However, the study of buried soils genesis has not yet been carried out.
We've investigated the outcrop on the right bank of Volga river (Svetloyarsky
district of Volgograd region) near Raygorod village (48 °© 25'46.3 "N 44 © 57'20.0"
E). Seven levels of buried soils were identified in the outcrop coordinated to loess
interbeds. We've described the paleosol of MIS5c stage, formed in a heavy silty
loam at a level of 17.6 m from the present-day surface. In the soil profile were
noted signs of vertic features formation such as sliding surfaces (slickensides).
These slikensides are described for both different-colored layers (tawny and dark-
gray), that were separated in a soil profile by a sharp boundary. In the upper tawny
layer large (up to 2 cm) gypsum roses were noted. Their growth was accompanied
by small slickensides formation. The lower dark-gray horizon is underlain by a
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sandy loam layer with a variety of ferriferous neoformations. The boundary
between these layers is complicated by cryogenic wedges. Below is a thick layer of
well-washed sand. Micromorphological studies of both layers showed vertical
differentiation of microstructure elements. In the tawny layer specific unaltered
wedge-shaped structures were crearly marked as well as strong striated b-fabric
and stress cutans along the cracks. In the upper 5 cm of the dark-gray layer a large
number of carbonized plant tissues scraps were noted. The signs of gleyzation are
widely presented below by high heterogeneity of iron oxides impregnation of fine-
dispersed material and slickensides. Since the vertisols swelling features and
slickensides occurrence are inextricably linked with mineralogy, we've conducted
X-ray diffractometric analysis of clay fraction (<1 pum) for both considered layers.
The obtained results showed dominance of smectite (about 80%), which is typical
for modern vertisols (Kovda et.al., 2017). The feature of diagnosed smectite is
calcium form of cation filling. The accompanying minerals are chlorite, imperfect
kaolinite and highly hydrated hydromica. There were no obvious differences
between upper and lower layers in clay content and it's qualitative composition.
Mineralogical and micromorphological studies confirmed the macromorphological
diagnostics of the slitogenesis in buried soils of MIS5c interval.

This work was supported by the Russian Foundation for Basic Research
(Grant No. 18-04- 00638a).
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Environmental magnetism of loess deposits has been widely employed to
reconstruct past climate changes. Most of previous semi-quantitative studies have
long been concentrating on the linkage of ferrimagnetic minerals (magnetite and
maghemite) with rainfall, while in recent years, increasing interest has focused on
qualitative and quantitative paleoclimatic reconstruction using the imperfect
antiferromagnetic mineral hematite. In this study, we obtained surface soil samples
from 257 sites over the Chinese Loess Plateau (CLP) and adjacent regions. From
this set, we used 180 samples from sites unaffected by potential contamination to
investigate the pedogenic enhancement of both ferrimangtic and imperfect
antiferromagnetic minerals and their relationship with modern climatic variables.
Both the bulk samples and particle-sized fractions (<4 um and 8-61 pm) are
measured. The results from bulk samples measurements show that there are strong
positive relationships between concentrations of ferrimagnetic minerals and the
mean annual precipitation (MAP) and slightly higher correlation coefficients
between hematite concentration and mean annual temperature (MAT) than MAP
(Song et al., 2014). To confirm that latter observation, detail magnetic properties of
particle-sized fractions (<4 um and 8-61 um) are measured. The results show that
pipette extraction separates the fine-grained superparamagnetic (SP) and most of
the single-domain (SD) magnetic grains into the clay fraction, and that the
remaining silt fraction displays the magnetic properties of coarse pseudo-single
domain (PSD) or a mixture of multidomain (MD)/PSD and a few SD particles.
This confirms our previous results that the clay fraction represents the pedogenic
contribution and coarse fractions, detrital origin. Then the redundancy analysis on
the clay fraction was employed to distinguish the climate variables controlling the
formation of ferrimagnetic minerals and hematite during pedogenesis. On the CLP,
pedogenic ferrimagnetic minerals are sensitive to mean annual precipitation, while
pedogenic hematite formation is preferentially dependent on mean annual
temperature (Gao et al., 2018). The confirmation of the temperature-dependent
nature of hematite on the CLP provides a new possibility for quantitatively
reconstructing the paleotemperature history of Chinese loess/paleosol sequences.
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A multilayered archaeological site Turganik settlement in the valley of the
Tok River in the Cis-Ural steppe (Orenburg region) was examined with the use of
paleopedological and paleobotanical methods. Ancient people inhabited this area
in the Latest Neolithic (Eneolithic) (the 5th millennium BC) and Early Bronze (the
4th millennium BC) ages. It was found that cultural layers dating back to the
Atlantic period of the Holocene had been formed under conditions of a
predominance of grassy—forb vegetation with a small portion of tree species and
dry climate; the ancient settlement was not affected by floods and was suitable for
permanent living. It is probable that soils of the chestnut type with salinization and
solonetzic features (Kastanozems (Endosalic Protosodic)) were developed in that
time. The final stages of the accumulation of cultural layers were marked by strong
short-term floods, whose sediments partly masked the features of the previous long
arid epoch. The peak of aridity falls on the final Atlantic period. Archaeologically
it was in the early Bronze Age, the time of the early (Repino) stage of the
Yamnaya culture in the Cis-Ural steppes. At the end of Eneolithic epoch (the fifth
millennium BC) and in the Early Bronze Age (the fourth millennium BC) there
were short-term but violent floods, which forced people to leave the habitable
place. During the Subboreal and Subatlantic periods (the Holocene), the climate
became more humid, the floods became regular, the vegetation was dominated by
meadow forbs and herbs growing on meadow-chernozem soils (Luvic Chernozem
[Stagnic]), and the settlement was completely abandoned. In general, the studied
sedimentary record at the Turganik archeological site reveals traceable climate
change towards lower temperatures and increasing humidity in the second part of
the Holocene, with occasional episodes of aridity that did not affect the general
trend.

This work was funded by the RSF, Project No 16-17-10280.
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HOLOCENE VEGETATION HISTORY OF EUROPEAN AND NORTH
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A COMPARISON OF APPROACHES - PRELIMINARY RESULTS
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Introduction. The environmental conditions of the evolution of Chernozems
in many areas have not been satisfactorily explained (Vyslouzilova et al. 2015).
This study aims to assess the feasibility of using a number of modern approaches
to reliably discriminate between forest and grassland vegetation in Chernozems by
analyzing samples from geographically distant regions.

Methodology: The organic matter of Chernozem and Chernozem-like soils
sampled at numerous sites in Central Europe and the Midwestern United States
was analyzed using near-infrared spectroscopy (NIRS) and 613C signatures with
the aim of determining the prevailing vegetation at the respective sites during the
Holocene focusing on the differentiation between grassland and forest land cover
(Ertlen et al. 2015). The results of these methods were compared in order to
determine the feasibility of these methods in reliably assessing paleoenvironmental
conditions on a more global scale.

Preliminary Results. Considerable discrepancies were found to exist
between the results of the two methods. This can be only partially explained using
data and information available at this point. Further methods (including n—alkanes
and carbon dating) will be used in order to construct a reliable approach for the
differentiation between past grassland and forest vegetation in Chernozems and
potentially other soils.
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The structure of the microbial prokaryotic community (archaea, bacteria)
was studied in the horizons of surface soil and paleosols: C — Holocene typical
chernozem (MIS 1); B — Bryansk Valday interstadial paleosol (MIS 3); K —
Kukuevka Early Valday interstadial paleosol (MIS 5c¢); R1 (slope) and R2 (the
bottom of the paleodepression) — Ryshkovo paleosol of the Mikulino interglacial
(MIS 5e)

By the method of quantitative PCR (Real Time PCR), the trend of
decreasing the number of genes of the main groups of microorganisms with
increasing soil age was detected: bacteria from 11.5 to 8.2, archaea from 10.7 to
8.0, fungi from 10.4 to 7.4 1g of genes copies per g of soil. In the surface typical
chernozem, the abundances of all the groups were 2 orders higher than the buried
soils.

By the method of NGS of total DNA from soil samples and further analysis
of a- and p-diversity it was shown that the number of detected OTUs of
microorganisms of the Ryshkovo palaeosol approaches surface soils (~ 500 and
627, respectively), while in Bryansk and Kukuyevka they are significantly less
(365 and 310); The Shannon index R2 was even slightly higher than in C (7.7 and
7.5). Assessment of community similarity by weighted UniFrac showed
clusterization of all soils into separate clusters, while Ryshkovo on the slope (R1)
and bottom (R2) of the paleodepression had an extremely similar microbiome
structure and drops into the same cluster. It shows that talk about the effect on the
taxonomic composition of the soil itself, rather than spatial variability.

Bryansk soil microbiome had a high relative abundance of archaea — 26.7%
mainly due to Thaumarchaeota — oligotrophic ammonium-oxidizers, adapted to the
lack of ammonium in the environment, mainly abundant in the upper horizons of
arid and semi-arid soils. The SAGMCG-1 group of Thaumarchaeota, found in the
Bryansk soil, reported to be not able to adapt to high pH values and are confined to
acidic soils. Genes of Euryarchaeota were found in samples of Ryshkovo soil and
are associated with the methanotrophic group Thermoplasmata Marine I1.
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The bacterial community is represented by the common soil phila. The
relative abundance of some of them increases with the age of the soil
(Acidobacteria, Chloroflexi, Proteobacteria); other — decreases (Firmicutes); the
proportion of the third does not depend on age (Actinobacteria, Bacteroidetes,
Nitrospirae, Verrucomicrobia). Among the bacteria, we can distinguish
Blastocatellaceae (Subgroup 4 of Acidobacteria), known as oligotrophs of
mesophyll of arid soils, preferring complex proteinaceous plant substrates, the
maximum of which is represented in the Ryshkov palaeosoil. Gemmatimonadetes,
found in all soils, but maximally represented in Bryansk (B) - slowly growing
microorganisms, adapted to low moisture, able to accumulate polyphosphates
(energy reserves to adapt to changing environmental conditions). Acidobacteria
and Alphaproteobacteria dominated in R1 and R2. Verrucomicrobia, having
significantly higher relative abundance in the humic horizons of surface soils,
especially in the layer (0-5 cm), dominated in C, R1 and R2 soils; they are
considered to participate in the active use of labile soil organic substances.

Nitrospira — chemolithoautotrophic, nitrite-oxidizing bacteria had a low
relative abundance (~ 1%) in C and R soils, but a high (6-9%) — in interstadial of
Bryansk and Kukuevka soils.

Thus, microbiome of buried soils of different age is unique and probably
corresesponds ecological properties of epy soil, formed in previous historical
conditions.

LOESS-LIKE SEDIMENTS OVER LATE PALAEOLITHIC CONTEXT IN
ZARAISK, CENTRAL RUSSIAN PLAIN: A SPLASH OF EOLIAN
SEDIMENTATION IN THE TERMINAL PLEISTOCENE?

Lev, S.*, Tumskoy, V. %, Sedov, S.*>®, Naugolnykh, S.”
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Chronological and spatial variability of the eolian deposition as well as its
interaction with the other surface processes (cryogenic, pedogenetic, other types of
sedimentation) presents a major problem for correct correlation interpretation of
the paleosol-sedimentary archives in the Pleistocene periglacial zone, in particular
at the northern margins of the east European loess area. Archaeological contexts
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offer a unique opportunity to precise the chronostratigraphic position of various
sedimentary strata, providing valuable marker horizons — cultural layers with
diagnostic lithic assemblage, supplied with instrumental datings.

The open-air Upper Palaeolithic site of Zaraisk was discovered in 1980. Itis
located in the center of the town, about 155 km from Moscow on the promontory
on the right bank of Osetr river. Zaraisk actually represents a cluster of closely
related inter-stratified sites or occupation loci. All of them contain archaeological
material of Kostenki-Avdeevo culture, the Eastern Gravettian cultural tradition
(23-16 ka BP). Six sites or loci may be identified, each labeled with a letter from
“A” to “F”. On Zaraisk A site, placed on promontory “Castle Hill”, the cultural
remains are contained in a sequence of four stratified occupation levels deposited
in two geologic units — the upper buried soil of the Zaraisk stratigraphy and an
underlying sandy loam. It is the most well-published site with living structures, art
objects, big stone and fauna collections, excavated on the area of 265 sq. m
(Amirkhanov et all., 2009). Zaraisk B site occupies the upslope portion on another
promontory (“Second Hill”) several dozen meters to the north of the castle and
separated from the latter by an ancient ravine. At this locus, excavated on the area
of 175 sg. m, the cultural remains are deposited in the upper buried soil and at the
contact between this soil and an underlying loam (the layer of sandy loam
described above is absent here). Zaraisk C occupies the crest of the Second Hill
promontory and contains cultural remains in the same depositional setting as
“Zaraisk A,” i.e., in the upper buried soil and underling sandy loam layer. Two
newly discovered in 2016 loci named Zaraisk E and F are situated on slope ending
of Castle Hill facing the river. They also contain cultural remains in the same
depositional setting as “Zaraisk A,” except the upper buried soil that poorly
developed on the excavated area.

The main cultural layer in the section Zaraisk B is linked to the paleosol
layer known as Zaraisk soil. Its age is estimated at 16 ka BP (16520 = 760 GIN).
Macro- and micromorphological features point to moderate dark humus
accumulation and gleyzation as the main pedogenetic processes. Observations in
the thin sections under microscope show poorly sorted heterogeneous character of
the mineral material of this soil with a large proportion of sand grains that suppose
colluvial origin of the paleosol parent material. Even deeper two other paleosols
were found, which were associated with the Bryansk soil (MIS3) and Mezin
pedocomplex (MIS5) — prominent elements of the loess-paleosol stratigraphy of
East-European Plain (Velichko et al.). However these paleosols already did not
contain archaeological materials. In the other sections (Zaraysk A) three older
cultural layers are identified in the sediments below Zaraisk paleosol.

Our attention was drawn by the silty loamy layer overlying Zaraisk paleosol
that contains no cultural deposits. This is rather thick (about 1m) uniform stratum
penetrating into underlying paleosol along small cryogenic wedges. In the thin
sections its material has micromorphological characteristics completely different
from the underlying paleosol. It is well sorted, dominated by silt fraction with

admixture of clay, however sand grains are nearly absent. Few illuvial clay
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coatings we attribute to the effects of the Holocene pedogenesis of the Luvisol
(forest) type (the upper horizons of the Holocene soils were destroyed and partly
eroded in the recent urban environment). The deposit with such characteristics in
the upland slope position suppose contribution of eolian processes to its formation.
Having no instrumental datings for it we however define the timespan of its
development between 16 ka (underlying Zaraisk paleosol) and beginning of the
Holocene (superimposed Luvisol development). No other layers of similar
composition and thickness were observed deeper within the studied late
Pleistocene sections.

The following phenomena generated by surface geomorphic processes are
associated with the studied paleosols and sediments: two systems of soil wedges
forming small polygons. The lower system appeared at the time of the paleosol
existence but before it was covered with overlaying loess loams. Those soil
wedges are clearly visible by their dark humified filling on the background of light
yellow-beige loam. Their width is from 3 to 5 cm, the size of the polygons is about
30 cm. Another later formed system of soil wedges is associated mainly with the
upper part of paleosol (humic horizon). These are small (1-2 cm wide) wedge-
shaped structures, sometimes they are wider and then pass to the lower horizon of
the paleosol, the size of the polygons is about 10 cm. These small polygonal
systems appear to be the result of the formation of structural soils under the
conditions of the permafrost development or deep seasonal freezing. Thus, the
paleosol was deformed by cryogenic processes twice: at the time when it was still
exposed, and after it was covered by loess loams. These processes could
incorporate silty material from the upper loamy layer into the paleosol humus
horizon, that we observe in thin sections.

Our observations lead to an unexpected conclusion that in Zaraisk
throughout the Late Pleistocene the major event of accumulation of loess-like silty
sediments (of possible eolian origin or with major eolian contribution) took place
in its terminal stage. We associate it with the cold intervals which occurred in the
final millennia of the terminal Pleistocene, especially with Younger Dryas.
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TYPOLOGY OF CHARCOAL ASSEMBLAGES FROM PALEOSOLS AND
THEIR PALEOECOLOGICAL INTERPRETATION
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Composition of soil charcoal assemblages was analyzed in Pleistocene
paleosols from 7 localities. The paleosols formed in the gullies of the Pleistocene
age and were buried under Aeolian (loess) and colluvial fan deposits The
composition of paleo-charcoal assemblages was further compared to charcoal
assemblages from Holocene paleosols buried under colluvial fan deposits in gullies
in the forest-steppe transition zone and to reference charcoal assemblages collected
In various biomes after surface fires.

Soil samples, 3 to 10kg, were wet-sieved through 0.6-mm mesh sieves, and
all components of large size fractions were analyzed. The following components of
the large size fractions were considered as diagnostic: tree and shrub charcoal,
charred bark, jellified charcoal, vitrified charcoal, charcoalified grass awns,
charcoal-cored concretions, sclerotia of arboreal mycorhiza (SAM), charred seeds,
and insect feces and body parts.

Several basic charcoal assemblages were described in Pleistocene paleosols,
interpreted as following:

1. No charcoal in size fraction >1mm, presence of charred stems and awns of
grasses, charred bone fragments and coprolites of herbivorous insects are common:
grasslands;

2. Charcoal of thorny shrubs, vitrified charcoal is common, no SAM:
scrubland is confined to gullies, watershed is treeless;

3. Tree charcoal, SAM are solitary or absent: woodlands are confined to
depressional areas of relief, watersheds are treeless.

4. Charcoal of trees, numerous charred SAM: forest with a well-developed
forest duff: 4.1) Small (<1.5mm) charred SAM are more numerous than charcoal
fragments: coniferous (boreal) forest, affected by a canopy fire;

4.2) Charred bark fragments are more common than wood charcoal, insect
body parts and feces are common, SAM are solitary and small: forest affected by
ground fires; 4.3) Numerous large SAM (>2mm), charred seeds: late-fall fires
(commonly associated with anthropogenic ignition).

5. Charcoal-cored concretions and spherical mineral aggregates (e.g.
wormcasts) that were heated by fire and redeposited after lateral transport,
numerous small SAM: catastrophic deforestation of the catchment area following a
fire(s). The fires either coincide with or closely predate major aridification of the
climate;

6. Jellified charcoal: recent analogues were found in saline (coastal)
environments, this type of charcoal assemblages is tentatively associated with the
submergence of gullies by water following fire(s): pluvial floods?
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MICROFEATURES OF BURIED SOILS IN LOESS SEDIMENTS OF THE
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Soils form under the direct influence of climatic parameters, and they retain
environmental information in their features (Targulian and Goryachkin, 2008).
Buried soils in loess sediments represent an excellent terrestrial record of long-
term global change, and analysis of soil microstructure helps in identifying specific
soil-forming and sedimentary processes (Tsatskin et al, 2008). The area of the
lower Volga basin experienced considerable changes due to fluctuations in Caspian
Sea level together with other responses to glacial-interglacial cycling in the
Quaternary. Numerous horizons of buried soils have been recorded in sedimentary
sequences, and they have been wused for stratigraphic correlations and
paleogeomorphic reconstructions in the area (Konstantinov et al., 2016). But the
study of paleosols as a paleoenvironmental proxy has not been performed until
now. The main goal of this study is preliminary investigation of microfeatures of
buried soils of different pedogenetic levels in the Lower VVolga region.

The present study is mostly focused on microfeatures of buried soils in the
exposure with soil-sedimentary sequence «Srednyaya Akhtubay. It is located near
from the city of Volgograd (48.7005277 N, 44.89330709 E, altitude 16 m).
Loess/paleosol sequence is represented during from MIS-1 to MIS-5 stages, which
includes 7 pedogenic levels separated by aeolian, fluvial and marine sediments
(Yanina et al., 2017).

Thin sections were prepared from undisturbed soil samples by M.A.
Lebedev in the Laboratory of Soil Mineralogy and Micromorphology. And were
studied using an Olympus BX 51 microscope with camera Olympus DP26 (Tokyo,
Japan). Micromorphological descriptions follow the guidelines developed by
Stoops (2003).

The microfeatures of buried soils evidence of soil formation in subaerial
conditions with loess sedimentation, alternating with periods of fluvial and marine
sedimentation. All buried soils are polygenetic and exhibit contrasting set of
macro- and microfeatures:
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1) humus horizons with granules and crumbs peds, variety of forms of
carbonate neoplasms, krotovinas (features of steppe pedogenesis);

2) gley mottling, Fe-Mn nodules are characteristic soil formation in
hydromorphic conditions;

3) Microaggregates with slickensides is the main characteristics for vertic
type of pedogenesis is characteristic for soils of MIS-5 interval;

4) frost cracks, circular striated b-fabric, circular orientation of sand
grains, cracking of the quartz grains indicate cryogenic impact on soils ofMIS3
interval. Soils of MIS5 interval; where subjected to epigenetic frost cracking
during M1S4.

Research was supported by the Russian Foundation for Basic Research,
Project Ne 18-04-00638a.
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Geochemical characterization of the intrabasaltic red boles (Deccan
palaeosols) occurring around Dhebewadi area of Maharashtra has been attempted
to get insights about their palaeoclimatic conditions of their formation. For this
study the bole beds exposed at four different elevations in a hill near Dhebewadi
were collected along with associated basalts. CIA and PWI values do not show
much variations indicating the palaeoweathering conditions did not change much,
however WPI values show some variations. Bole beds from the lower elevations
show higher hydrolysis but lower calcification indicating somewhat humid, fairly
leached and well-drained conditions. All the bole beds seems to have formed under
similar temperatures but the rainfall seems to have been slightly variable. Most of
the bole beds show oxidizing conditions, although quite variable. While A-CN-K
plot reveal weathering trends towards smectite formation in all the red boles, none
of them show any lateritization effect indicating their incipient weathering. With
respect to the parent basalts the bole beds show considerable fractionation of the
REEs indicating intensely weathered residual products. The negative Eu anomalies
and positive Ce anomalies indicate over-all oxic environments during the
formation of red boles. From the (Gd/YbN) versus Eu/Eu* plot it is concluded that
the red boles were formed by in-situ basaltic weathering without differentiation or
recycling. In summary the red boles, occurring at four different elevations, were
formed by considerable chemical weathering under somewhat humid, fairly
leached and well-drained conditions under variable rainfall conditions.

UNDERSTANDING SEDIMENTARY ENVIRONMENTS OF EARLIER
GEOLOGICAL DEPOSITS BASED ON CHARACTERISTICS OF
QUATERNARY LOESS & SOILS

Xiuming Liu'?
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2Department of Environment and Geography, Macquarie University, Sydney NSW 2109,
Australia
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Keywords: loess paleosol, top soil environment, soil horizon, bedding,
paleoenvironment indication.

Aeolian loess and paleosol sequence has been widely accepted as a
paleoclimate archive today. Such sequences were deposited and pedogenic in
topsoil environment. Fully recognizing these characteristics of various types of
loess and paleosols, will help us better to understand origin of some geological
deposits, in particular for red beds.
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AEOLIAN PEDOGENIC CHARACTERISTICS OF TERTIARY
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The stratum of coastal cliffs near Port Campbell in Victoria, Australia is
generally considered to be deposited in a moderate to high-energy continental shelf
environment during the Miocene Period, known as Port Campbell Limestone.
However, aeolian pedogenic features are observed from this sequence. In order to
understand the origin of the Limestone, one section from the Twelve Apostles was
sampled. Grain size, morphology of quartz grains, rare earth elements (REE) and
rock magnetic parameters are measured. The particles size of the whole section
shows uniform fine feature and smaller than 100 m, very similar to those of loess
and palaecosols according to Sahu’s empirical judgement equation (the Y-values of
aeolian deposits using the equation should be smaller than —2.7411). Scanning
Electron Microscopy (SEM) analysis demonstrations that most of the quartz grains
from Port Campbell Limestone have irregular and angular shapes and many are
characterized by sharp edges and conchiform fractures of wind-blown. The REE
patterns of Port Campbell Limestone show extreme homogeneity, similar to those
of Chinese loess-paleosol. These samples enriched LREE and fairly flat HREE
profiles, are also the REE properties of the upper continental crust, suggesting that
the sediments of Port Campbell Limestone were all derived from well-mixed
sedimentary, very likely to be aeolian, other than marine deposits. In addition, the
outcrop of the Port Campbell Limestone shows well bedding of pedogenic CaCO3
nodules, features of secondary origin of CaCO3, continental topography and plant
root fossils, the "Port Campbell Limestone™ was thus suspected to be developed in
continent as topsoil environment mainly rather than environment of continental
shelf. This hypothesis is effectively supported by a report of paleosol/sand dune
sequence from the coastline of Port Lincoln, South Australia.
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forming effective dust traps. We suggest that on the sand-rich lake plain, the forest
vegetation was likely less dense, allowing for intermittent dune movement. As
indicated from pollen data, the paleoclimate at this timewas considerably drier than
at present, facilitatingthe episodic eolian activityon the lake plain. Our data support
previous work which has suggested that eolian activity occurred here, despite the
forested conditions, and that this activity was facilitated by periodic drought. This
study provides an important link between dune eolian systems and more
traditional, silt-rich, loess depositional systems.

RELIC CRYOGENIC FEATURES IN LOESSY LOAMS OF THE
SREDNERUSSKAYA UPLAND AND THEIR INFLUENCE ON MODERN
EROSION PROCESSES

Belyaev, V.R.}, Gurinov, A.L.%, lvanov, M.M.}, Lisova, A.D.},
Lugovoy, N.N.}, Semochkina, A.E.}, Streletskaya, 1.D.}, Zhidkin, A.P.!

L_omonosov Moscow State University, Faculty of Geography, Moscow, Russia
vladimir.r.belyaev@gmail.com

Keywords: Palaeocryogenic microtopography, erosion and deposition processes,
buried erosional landforms, slope depression network, Western European Russia.

For the last several decades, presence of the relic cryogenic features (RCF)
in topography and soil structure far beyond the present southern limits of the
permafrost has been established for European part of Russia (e.g. Velichko, 1973)
as well as for other European countries (e.g. Andrieux et al., 2016). It is widely
accepted that most of such features were formed under the most severe climatic
and landscape conditions of the last stage of the Late Pleistocene glaciation. Recent
progress in studies of the RCF has been largely achieved due to latest development
of the remote sensing (RS) techniques and especially increasing availability of
high-resolution satellite imagery for Earth scientists. By present time,
morphological classification of RCF has been proposed and specifics of their zonal
distribution more or less established for the Eastern European Plain. Significant
progress has also been achieved in investigations of their contribution into
structure and spatial heterogeneity of modern soils (e.g. Velichko et al., 1986;
Alifanov et al., 2010).

However, there are several problems still lacking detailed scientific
considerations, namely relationships between different types of RCF and modern
hillslope processes, soil degradation processes, sediment export from hillslopes
into fluvial network in areas of dominant agricultural land use. Impact of cryogenic
microtopography on spatial structure and intensity of human-accelerated soil
erosion on agricultural land and its detrimental effects such as decreased soil
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fertility, small river degradation, reservoir siltation and water quality deterioration
Is not commonly taken into account for soil erosion mapping and designing soil-
and water-conservation measures. The present project is concentrated on
establishing and evaluating relationships between different types of RCF and
morphological and geochemical differentiation of soils, intensity and spatial
distribution of soil erosion and deposition processes on cultivated slopes. The
approaches employed include analysis of the RS data, application of several
independent techniques for quantitative assessment of soil redistribution on
cultivated slopes and in small catchments, high-quality geodetic and airborne
photo (by unmanned aerial vehicles) surveys, morphological and geochemical
investigation of soil properties and georadar surveys.

First investigations of several locations within the Srednerusskaya Upland
have shown that the territory is characterized by widespread presence of RCF on
interfluves and gentle upper parts of their slopes. Morphologically these are
represented mainly by polygonal and linear features, sometimes with distinctive
transition zones. At certain locations, individual features with more rounded
planform probably representing relics of thermocarst depressions are also present.
These features exert important influence on spatial pattern of overland flow,
especially runoff concentration, and, therefore, on sediment redistribution within
cultivated hillslopes. In addition, modern gully network partly inherits lower
sections of the RCF polygonal or linear networks, although being much shorter and
less dense than the networks reconstructed for the permafrost features degradation
period in the end of the Late Pleistocene.

The research was supported by the Russian Foundation for Basic Research
Project No. 18-05-01118 “Relic cryogenic topography as a factor of soil
degradation on agricultural lands of the Western European Russia ™.

MORPHOMETRIC ANALYSIS OF RIVER VALLEYS
IN LOESS-LIKE SEDIMENTS REGIONS

Khavanskaya, N.M.

Volgograd State University, Institute of natural sciences, VVolgograd, Russia
Khavanskaya@volsu.ru

Loess-like rocks are one of the types of loess formations or rocks.
Compositionally these rocks differ from loess by the presence of stratification;
they have more clayey or sandier structure. The left-bank of the Tsimlyanskbasinis
a good example of the territory with developed loess-like sediments where the
surfaces of watersheds and slopes form the cover loess-like loams of the lower and
upper sections of the Quaternary system. Let’s describe the features of the river
valleys of the rivers Don Tsaritsa, Myshkovskii Erik, Myshkova, flowing into the
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northern part of the basinbays. Morphometric characteristics of the river valleys
were obtained by analyzing the digital relief model SRTM 1-arc-second.

The Don Tsaritsa. In the upstream flow, the river valley width is 2-3 km, the
erosion cut exceeds 50 m, and the asymmetry of the slopes is not significant. In the
midstream, the river makes a turn by 90°, the valley width reaches 10 km, and the
erosion cut is within 50 m. The asymmetry of the slopes increases: the left is
gentler, here the Il terrace above flood-plain area is increasing, but it is absent on
the right side of the valley. In the downstream, the valley width is about 7,5 km,
the depth of the cut-off is 40 m.

MyshkovskyYerik. The flow is directed submeridianally. In the upstream, the
erosion cut is about 50 m, the sediments of the above-floodplain terraces are
blurred and Paleogene (Pg',zr) and Neogene (Ner) sediments are opened. The
slopes are asymmetrical, the left is steeper. In the downstream, the erosion cut is
reduced to 30 m, and the slopes asymmetry becomes insignificant.

Myshkova. In the upstream, the erosion cut exceeds 40 m. The left side of
the valley is covered with sediments of Il and Il above-flood terrace without a
subdivision, as well as the first terrace above the floodplain. On the right side, the
Ergenen suite rocks of the Neogenehave been opened. Asymmetry of the slopes is
insignificant. In the midstream, the asymmetry of the slopes becomes clear, the left
slope is flat, and the right slope is steep. This can be explained by the fact that on
the left side of the valley the deposits of the above-floodplain terraces have been
preserved, while on the right the Paleogene and Neogene rocks have been
openedby erosion. The valley width is more than 5 km. In the downstream, the
slope asymmetry is preserved, the valley width increases and exceeds 6 km, the
erosion cut is more than 30 m.

From the above, we can conclude that in the described river valleys, there
are deposits of three above-floodplain terraces mainly on the left slope. Beginning
with the upstream and up to the midstream of the rivers, it is identified the erosion
of Quaternary alluvial sediments on the right slopes of the valleys and the opening
of older rocks, in this case Paleogene and Neogene.

QUANTITATIVE ASSESSMENTS OF THE EFFECT OF
CRYOGENESIS ON THE FORMATION OF LOESS
Konishchev, V.N.}

'Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
rogovvic@mail.ru

Keywords: permafrost, cryolithology, coefficient cryogenic contrast, coefficient of
heavy mineral.
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There is practically no great difference in the definition of the loess basic
properties in the problem of its studying. The situation is completely different in
the case of their genetic interpretations, which are supported by different
researchers - diametrically opposite points of view (which indicates the absence of
sufficiently defined genetic criteria for interpreting one or another feature of loess)
are observed. The analysis of the granulometric and mineralogical composition of
these deposits are the most indicative in this point. In the 60-ies of the last century
NM. Strakhov summarized the enormous material and presented the diagram of the
minerals distribution along the granulometric spectrum of sediments of different
facial types (formed in humid conditions, principally outside the zone of
cryolithogenesis). However, if we construct the same diagram for deposits formed
in cryogenesis, it will look quite different: the maximum content of quartz will
move into fine fractions, due to the less stable quartz under alternating freezing-
thawing conditions, which is confirmed by numerous experimental data. The
opposite differentiation was found for heavy minerals. Both regularities are
confirmed in the granulometric spectrum. A special coefficient was proposed a
specific indicator characterizing the degree of participation of the process of
cryogenic transformation in the formation of deposits; coefficient considers the
distribution of quartz and feldspars along the granulometric spectrum, (more
precisely, by the limiting sizes of the fractions in which these minerals accumulate
during cryolithogenesis), called the coefficient of cryogenic contrast (CCC):

CCC= QllFl:QZIFZ

Q1, Q, - the content of quartz in fractions of 0.05-0.01 and 0.1-0.5 mm,
respectively; Fi, F, - the content of feldspars in the same fractions, respectively, in
%.

The deposits formed under the conditions of the permafrost area have values
of the CCC >1, whereas the deposits formed outside this zone (i.e. in the
conditions of a temperate and warm climate) have the values of CCC <1. Along
with the CCC, which makes it possible to estimate the cryogenic nature of the
mineral matter of the sediments, it becomes necessary to introduce one more index
that can be obtained by the coefficient of heavy minerals (CHM):

CHM = HMllHMg

HM, and HM, - content of heavy minerals by weight in granulometric
fractions (0.05-0.01 and 0.10-0.05 mm, respectively), in%.

The coefficient of heavy minerals characterizes the degree of sorting effect
of the water or air environment on the formation of deposits or the absence thereof;
the value <1 is characteristic for cryolitegenesis products, since they are formed
practically without migration as eluvium. The generalization of a large amount of
material of the composition of deposits formed within and outside the permafrost
area fully confirmed the objectivity of the proposed indicators.
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Plio-Pleistocene sediment samples from the northern and southern part of
the Carpathian Basin were investigated in high-resolution to gain a systematic and
deeper insight into the specific depositional processes. The granulometry of these
sediments was studied by laser diffraction (Malvern Mastersizer 3000, Hydro LV)
and digital image analyses of thin sections (RADIUS) (Seelos and Sirocko, 2005).
This study investigates silt/clay-rich deposits, and paleo-karst fissure sediments
derived from mixtures of dust (eolian silt) and karst breccias. These materials were
likely mixed during transport until they were captured in the karstified fissures,
and subsequently interlocked with calcite veins and lithified. Evidence that the
fluvial fissure sediments of Pliocene age in the older Triassic—Cretaceous
limestones are derived from eolian red clays includes compositional and textural
matches, especially grain size distribution trends observed downwards from the
paleo-surface of the former landscape. These grain size trends indicate infiltration
of the eolian red clay into the underlying karst system. Various environmental
factors could be recognized by the statistical evaluation of grain size distribution
curves of fissure fillings sediments, such as the effects of eolian transport, type of
the parent rock, weathering processes and sediment transport (Ujvari et al., 2016).
Distribution curves with a single maximum in the silt size class are typical for the
overlying siltstone debris, for the redeposited loess and the red paleosol underlying
the loess. Red clay fissure fillings display bimodal grain size distribution curves
with maxima both in the clay and silt fractions. The role of dust (eolian silt),

including its inherited compositional and textural properties from a distant source
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area, land-atmosphere transport and depositional processes, and re-sedimentation
processes on the land surface overlying the karst system, remains promising
directions of future research.

The project has been supported by the European Union, co-financed by the
European Social Fund: EFOP-3.6.1.-16-2016-00004 and the National Research,
Development and Innovation Fund: NKFI K120213.
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Introduction. Wind erosion is one of the most important aspects of land
degradation in arid and semi-arid regions, which 20 % of land area of the world
has been influenced by wind erosion. The soil surface is eroded by the shear
tension of the wind unless it is protected by a suitable protective factor (Vidal et al.
2005). Therefore, the stabilization and preventing the moving sands is essential.
The application of mulch or soil cover is one of the methods widely used to
stabilize moving sands. Petroleum mulch has been used more than other mulches
in Iran. However, regard to the environmental and economic disadvantages of
them, the tendency to use natural and non-petroleum mulches with the least
negative effect and highest stabilization is increasing now days (Naghizade Asl et
al., 2017). The researchers tend to replace it by a mulch that creates the most
stabilization and the least negative environmental effects. In this regard, the
purpose of this study was to compare some types of sand stabilizers and to
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determine the most suitable mulch regard to environmental adaptation, based on
laboratory studies.

Materials and Methods. This research was carried out as a completely
randomized design with treatments including cement mulch (50 g +100 g sand
+1000 ml H20), two levels of polymer mulch i.e. polyvinyl acetate (5 and 10 g +
1000ml H20), two types of clay mulches (zeolite and bentonite) in two levels (100
and 200 g + 1000ml H20), and control (1000ml H20O). After applying the
treatments, trays containing different mulches air dried and the rate of soil erosion
was measured during 20, 40 and 60 minutes by wind tunnel at a speed of 85 km/h.
Data were analyzed using SPSS software.

Results. Comparison of means revealed that all treatments significantly
reduced the soil erosion content in relation to the control and Z1, Z2, B1, B2 and
R1 treatments had no significant difference (P <0.05). During the first 20 minutes,
the highest amount of soil erosion was found in the control (1677.3 g m-2) and the
lowest content was found in R2 (0.3 g m-2). The interaction effect of time and
mulches showed that the highest erosion was found in control treatment after 40
minutes (6570.78 g m-2 h-1), and it was significantly less than the 20 minutes. It
seems that after 40 minutes, most of the soil has been eroded, so it has been
decreased during the last 20 minutes in control treatment.

Conclusion. According to this research, 10g of polymer mulch and 200g
bentonite had the highest resistance against wind erosion and are recommended as
suitable treatments for stabilization the moving sands.
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The research area is located on the Ergene Upland. The Paleogene, Neogene
and Pleistocene rocks are directly involved in the morphological sculpture of the
relief. Paleogene deposits are presented by sands, flats, marls of the Paleocene,
clays, marls, sands, sandstones of the Eocene and form a watershed.

The Neogene is dominated by the Ergene, Andreevskaya and Scythian
Formations. The Ergene sands lie on the washed out Paleogene and are widely
spread. The Andreevskaya Formation performs deep erosion troughs, including
dark-colored clays and greenish-gray sands and loams, and also powerful sandy
fine-grained clarified strata. Upward in the section, the sediments of the
Andreevskaya Formation gradually pass into the syrt ones (Scythian). The
Scythian horizon is dominated by red-brown dense non-layered clays with gypsum
concretions up to 15-20 m thick; greenish-gray clays up to 10 m thick. These rocks
lie on the Ergene sands on the watersheds, along the slopes of valleys and large
beams.

The next major horizon from the complex of cover formations are yellow-
brown loess-like and loamy rocks lying on Scythian and older sediments. Their
capacity is 20-30 m at the watersheds, on the slopes up to several meters.
Pleistocene sediments are represented by sands. In landscape terms, the research
area is a flat watershed with a rarefied white-woolly-greenschaft (associations on
light chestnut soils with varying degrees of solonetzicity (alkalinity).

During the research, georadar surveying and soil sampling to a depth of 6 m
was carried out for the subsequent determination of the granulometric composition
of samples under laboratory conditions. The comparison of the radargram and the
results of laboratory analysis made it possible to identify (decipher) it.
Interpretation showed that soils of different granulometric composition are well
differentiated on radargrams.

PROBLEMS OF AGE AND ORIGIN OF RELIC EROSION NETWORK IN
LOESS DEPOSITS ON SOUTHERN SLOPES OF THE ERGENI UPLAND,
SOUTHERN EUROPEAN RUSSIA
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Manych’s Strait intermittently joined Black and Caspian seas in the past and
history of its evolution is the clue to the specific of Caspian’s basin functioning.
And one of the most important witnesses is fluvial network — its
palaeogeographical history is closely connected with the Kumo-Manych
Depression as a main erosion base and with landscape and climate changes in the
region.

During the research, which was held within the winter students’ expedition
of Development of Geomorphology and palaeogeography (Geography faculty,
MSU), 750 km2 square of south-west slope of the Ergeni Upland and central part
of the Kumo-Manych Depression was mapped. Nowadays there is semi-arid
temperate warm climate, landscapes are presented by subzone of dry steppes.
There are loess loams widespread under the kashtanozems on interfluve area and
ravines’ sides.

Modern development of erosion network (last 100-150 years) is affected by
anthropogenic influence due to agricultural activity.

There are network of linear figures with dendritic or subparallel structure on
the most of arable and pasturelands. Lengths of this forms varies from the first
hundreds meters to first kilometers, it is characterized by 5-fold larger density
(average 2,8 — 3,5 km/km2 con 0,65 km/km2), and its head catchment area is
smaller than modern (1 ha con 10 ha). Furthemore, there are terraced surfaces on
ravines’ sides. All of this evidences bear witness to more intensive erosion
dissection in the past, greater surface flow than modern. The lack of connection
between anthropogenic runoff boundary and ravines’ stretch.

Similar features were found on different territories: professor Velichko
detected them in the Middle Russian Upland; professor Panin investigated such
gullies on Stavropol Upland — on the other side of Kumo-Manych depression.
There is theory that dense network of dells and thermoerosion gullies formed under
periglacial conditions and later were infilled by mass movements, mainly
solifluction. After degradation of periglacial conditions, these landforms continued
to control redistribution.

Now there are not absolute dates of beginning of relic erosion network’s
development, so there some different version about age of its origin. Some
researchers (Panin et al., 2011), who worked in neighboring regions, supposed that
erosion dissection happened during Moscow glacier period (MIS-6, ~130-150
thousands years ago).

However within the investigated territory relic erosion network somewhere
covers up slopes of ridges in the bottom of the depression, which has been formed
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in the second part of late Pleistocene (MIS-2, 15-20 kA ago) during the late Valdai
glacial epoch (Yanina, 2009). Though we haven't got absolute dates of sediments
age in gullies, we have OSL-dates from ridges™ sediments. And they were formed
25-30 KA ago (Kurbanov, 2018). Further researches of relic erosion network,
refinement of its evolution chronology can be useful in restoring of development of
the Ponto-Caspian Straits system, landscape and climate changes and forming of
loess cover of the region.

Research was supported by the Russian Science Foundation, project 16-17-
10103.
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Maximal accumulation of loessic sediments isobserved within the present
day temperate and sub-tropic belts to the south of the margins of the Pleistocene
glaciers. However in the Arctic and Subarctic regions, in the case when they were
not covered by glaciers during the Pleistocene cryochrones, loess-like sediments

108


mailto:serg_sedov@yahoo.com

LAND-SURFACE PROCESS IN AND ENGINEERING GEOLOGY LOESS REGIONS,
LOESS IN CRYO-ENVIRONMENT

are also widely spread. As to the North-Western Siberia, for a long time some
researchers considered it as an area of vast development of the Pleistocene
glaciations which covered the whole northern part of the West Siberian Plain and
to the west merged with the North-European ice sheets (Grossvald and Hughes,
2002).Recently alternative hypotheses supposing much more modest spread of the
ice sheets in Northern Eurasia were developed. Within these hypotheses the West
Siberian Plain was completely free of the ice cover (Sheinkman, 2016; Sheinkman
et al., 2017). At that, the paleoecological scenario suggested for West Siberia by
Velichko et al. (2011) suppose wide development of extra-arid cold ecosystems in
the Late Glacial and Last Glacial Maximum. Such a scenario supposes activation
of eolian erosion/deposition processes which could give rise to loess accumulation.

During our study of the Quaternary sequences in the of the upper and middle
reaches of the rivers running down from the Siberian Uval (North-Western Siberia)
we encountered in some exposures of the high (at a relative height of 15-20 to 35-
40 m) river terraces the layers of loamy sediments that capped extensive sandy
alluvial sequences. We found the most profound and well developed superficial
loamy stratum has been found in the top exposure of the terrace. The loams
consisted predominantly of silt fractions, were not laminated, and showed well-
developed cryogenic structure. They were severely affected by the pseudomorphs
after middle-size polygonal ice wedges often outlined by thin paleosols (partly
redeposited). Set of “Cdeterminations produced the ages between 10 and 20 ka
BP. It attributes the loam accumulation and its cryogenic transformation to MIS2
(Sartancryochrone).Original interpretation of this layer as the only floodplain
alluvium met certain difficulties because in this case clear thin cycling in the
deposition regime is expected, whereas we did not observe it. Therefore, the
alternative hypothesis of eolian accumulation of these loess-like sediments and
simultaneous impact of cryogenic processes in the cold and dry landscapes of
theSartancryochron was developed — which fits into the “Glacial desert” model of
Velichko et al (2011).
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Typical loess rocks of upper Quaternary of the Valdai horizon with
everywhere covering the occurrence, compose the watersheds and slopes of the
Volga upland and the Yergeni. They are represented by a layer of macroporous and
calcareous loam of pale yellow color with subordinate interlayers and lenses of
sandy loam. Thickness of loess rocks, as a rule, does not exceed 12 m, in some
cases increases to 50 m.

Loess rocks of the Caspian lowland, known as the Athel horizon, are
represented by loess-like loam and sandy loam of yellow-brown and yellow-gray
color, macroporous, strongly calcareous. Mutually substituting loam and sandy
loam in the lower part of the section gradually turn into fine and dusty sands. The
thickness of loam and sandy loam ranges from 4 to 8 m, rarely up to 12 m.

Athel deposits in most cases are blocked by upper Quaternary Khvalyn
marine clays and loam, therefore, they usually lie at a depth of 1 to 10 m below the
surface of the earth. The underlying are the middle Quaternary continental deposits
of the Khazar horizon. Physical and mechanical properties of both types of loess
rocks have a noticeable similarity. Both types of deposits, in natural conditions,
which are not watered, are very sensitive to additional soaking, which leads to a
sharp decrease in strength and compressibility, as well as to subsidence
deformations. For example, the average value of the modulus of deformation of
loess and Athel deposits is at a humidity of 0.05, respectively 37 and 59 MPa, with
moisture reduced to 5 MPa.

The shear resistance of these rocks is also significantly dependent on
humidity, the coefficient of internal friction of Athelic loams and sandy loams
tested for shear at natural humidity is at a humidity of 0.08-0.65, and at a humidity
of 0.22-0.21. The specific coupling is reduced from 60 to 20 KPa.

A great influence on the course of development of subsidence has the nature
of soil watering. When soaking the soil from above (leaks of water-bearing
communications, filtration from artificial reservoirs, etc.), subsidence deformations
are large in absolute value and short in time. Deformation structures can reach
significant values, precipitation of the bases are characterized by large irregularity.
Uneven subsidence of the Foundation soils can lead to accidents at engineering
structures, distortions of foundations, breaks of pipes and water. All this creates a
real threat of environmental pollution. When soaking loess strata from below,
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which may occur due to the heating of the territory by underground waters,
subsidence deformations are longer in time and less in absolute value. The
precipitation of the structures in this case is small and more uniform, but can last
for a long time.
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Researchers of the Quaternary deposits of the Lower Volga note the wedge-
shaped structures, which were interpreted as evidence of the existence of
permafrost and conditions of deep seasonal freezing earlier. The aim of the
research is to analyze new data on numerous wedge-shaped structures in the
sections of the Lower Volga region and to reconstruct the paleogeographic
situation of their formation. Quaternary sections are composed of marine and
continental deposits of different ages. Continental deposits are represented by
alternating of loess, alluvium and soils. Sea deposits are represented by chocolate
clays. Wedge-shaped structures were found in the sections of Srednyaya Akhtuba,
Leninsk, Bataevka, Cherniy Yar and Kosika.

Soil wedges were encountered in the sections and confined to dark colored
soil horizons; wedges filled with light colored sediments of cover loess and sand
horizons. The structures have a clear wedge shape; tails of the wedges branch out
and have several ends. The vertical extent of the wedges ranges from 0.5 to 2.0 m,
the width on the top ranges from 2 to 15 cm; wedges of different generation form
both small polygons with sides of 0.8-1.5 m, and large ones with sides of the lattice
8-10 m. This (formation of polygonal ice wedges) requires a certain permafrost-
lithologic conditions: monolithic deposits, low negative temperatures and large
temperature gradients. The monolithic of the deposits is ensured under transition
loamy deposits or peat pass into a frozen state. The existence of polygonal ice
wedges indicates the continental conditions during their growth, the permafrost
state of the deposits and their low average annual temperature; at the same time,
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their shape and vertical extent make it possible to clarify the type of freezing -
epigenetic or syngeneic. The formation of ice wedges can also occur in the layer of
seasonal frost, but in the case with watertight layers lying below. In sections of the
Lower Volga region the soil wages begin in the loess horizons and cross several
soil layers. The degradation of modern polygonal ice wedges is associated with an
increase of an average annual temperatures, local thermokarst or flooding of the
territory. Deposits had fallen into cracks with the thawing of ice wedges and are
identical to the overlapping sediments. The enclosing sediments carry traces of the
relict cryostructure. The layers and ferruginous lenses form a post-cryogenic
structure on the thawed segregated ice; pattern in the sediments indicates a high ice
content before thawing.

The position of the soil wages in the section, their shape and size allow to
conclude cold cryoarid conditions alternated with periods of warming in the Lower
Volga region during the Pleistocene. Cooling was accompanied by an increase of
seasonal frost, frost cracking, formation of permafrost deposits, growth of
polygonal ice wedges. Warming resulted in degradation of the permafrost, thawing
of ice in wedges, filling of cavities with overlapping deposits and ferruginization
of depositions. Some of the vein wedges s thawed subaquately, indicating a
changing sea level in the Pleistocene. The most severe conditions are reconstructed
in the atelier time (MIS 4).

The study was supported by grants 16-05-00612 and 18-05-01118 from the
Russian Foundation for Basic Research and was carried out as part of the
government contract “Changes in the Earth's Cryosphere under Natural and
Manmade Factors” NIRAAAA-A16-16032810095-6.
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The cyclical climate fluctuations in the Pleistocene are estimated in the
structure of loess-soil formations: biogenic sedimentation predominated in warm
interglacial and interstadial periods which led to the formation of soils; in cold
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periods with a significant expansion of permafrost the horizons of loesses
accumulated. Such judgments are based on the results of analysis of wedge-shaped
structures in the stratum of the formations, as well as numerous data of spore-
pollen, microfaunistic and other types of analysis; there are also ideas about the
significant progress of frost weathering at this time (Popov, 1967, Loess ..., 1986).

The report presents results of the analysis of the composition and structure
of sediments of several loess-soil sections of the Lower Volga. Investigations of
the granulometric composition were studied by the laser granulometer in order to
estimate the content of particles in a coarse dusty (0.05-0.01 mm) fraction more
accurately. It was found out that the large-sized part of the above fraction
predominantes (0,05-0,025 mm), in contrast to the horizons with the features of
soil formation, which is interpreted as an indicator of the formation of the loess in
cold and dry conditions (Deng, et al, 2010) .

The mineralogical composition of the sediments was studied by an X-ray
diffractometer for two main granulometric fractions of loess - fine sand and coarse
silt, and based on these data, the coefficient cryogenic contrast (Konishev, Rogov,
1994) was calculated to estimate the degree of influence of cryogenesis on the
rocks. The values of this coefficient show a significant cryogenic influence on the
transformation of sedimentary material during periods of cooling and the presence
of permafrost in the region during periods of the Caspian’s regressions. The study
of the micromorphology of loess material confirms the development of cryogenic
processes during the accumulation of loess by the presence of traces of ice
formation, the nature of the particles’ destruction of the sand fraction, the
aggregation of fine particles, and the formation of authigenic materials.

This study has been supported by RFBR (Grant Nel§8-35-00619).
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At present a revision of views in respect to the Pleistocene ecology of
Northwestern Siberia takes place. Recent data demonstrate absence of glacial
sheets in this area (Sedov et al., 2016; Sheinkman et al., 2016; Sheinkman et al.,
2017), confirming the concept of A.A. Velichko et a. (2011) that shows
Nortwestern Siberia as a Great Late Glacial desert with active eolian activity
during MIS 2.

We have revealed specific loess-like sediments in the upper reaches of the
Taz and Nadym rivers (Siberian Uval), located in the top part of the alluvial
terraces formed in the MIS 2. Usually these are loams without carbonates. They are
of gray-pale yellow, light-brown or vyellow-brown color, and have been
characterized by cryogenic structure. Granulometric analysis of these deposits
shows a large amount (50-60%) of dust in their composition. It is worth noting a
high portion of sand (20-50%) and a very small portion of silt (about 4%) in those
deposits.

Our granulometric analysis confirms, long existence of these deposits in a
subaerial environment and their eolian processing. The results of
micromorphological analysis of quartz grains from the top terrace sediments in the
valley of the Pulky River (Upper Taz) confirms this conclusion. Quartz grains are
of a well-expressed round form, and their surface has been characterized by well-
visible micro-fossa traces, which are a result of collisions between the grains
during their air transportation. The traces cover not only the convex sections of the
grains, but also the fossa’s surface. Besides, there is evidence of frost weathering
(the seasonal, perhaps), as fresh fossa, cleavage and triangular-shaped hollows in
the grains.

Thus, a sandy lake-river plain existed in the area of Northw estern Siberia
(Siberian Uval and Nadym lowland included) during the MIS 2. This plain was not
drained and without forest vegetation. Cryogenic weathering effected the sandy
quartz grains, and, as a result, the portion of dust increased in the composition of
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the sediments significantly. This happened because under dry conditions active,
eolian dust transportation occurred. Eventually, loess-like deposits formed in the
top parts of the river terraces in the upper reaches of the Taz and Nadym rivers.
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subaerial strata between two marine horizons containing Khvalynian marine fauna
(Rychagov, 1997). Unfortunately later the particular described section was lost
during Volga erosion and construction on the coasts. Thus for the long time this
Important event describing deep regression phase of the Caspian sea had no
available section with clearly related horizon of subaerial sediments.

During 2014-2018 fieldworks we made an effort to find the section with
clear continental sedimentation profile within two Khvalynian transgressive series.
And such deposits were identified at Kosika location, on the right valley side of the
Volga river, 4 km to the North of the Kosika village.

The total thickness of s the outcrop is 10 m. The outcrop is confined to the
western base of the Baery knoll. The part of the outcrop with the most clear
position of the Enotaevka regression deposits is confined to the northern limit of
the Baery knoll. Top of the section is represented by the upper Baery knoll strata
(deflated sands), that passes through clear erosional boundary to horizon of loess
(~95 cm) with clear evidence of soil-formation. Within this subaerial sediments a
clear differentiation is observed in the grain-size: the upper layer (0-65 cm) is
loamy (dusty medium loam), below - sandy (a silty light loam), alternating to the
base of the separated stratum with a silty sandy loam. Within the subaerial part of
the section, the profile of the paleosol is identified. The profile of the paleosol
represented by a series of genetic horizons and reveals clear evidence of erosion.
Apparently, the original profile was Abraded during the Later Khvalynian
transgression resulting in preserved illuvial horizon. This strata passes into the
marine clays with poor collection of shells (mostly Dreissena Sp).

The applied luminescence dating allowed us to reconstruct the timing of the
main stages of the environmental evolution during the second half of Khvalynian
transgression. 15 OSL-dates describes main stages: re-worked Upper Khalyanian
sands of the upper Baery knoll strata is dated 8,3+0,5 ka; paleosol formed in the
Enotaevka regressive horizon dated 12 — 13 ka; Lower Khvalynian sediments is
characterized with three dates 19-22 ka; the basis of the section (Hyrcanian
horizon) is dated 113-133 ka.

This research for the first time reviles the structure of Enotaerka regressive
series of the Lower Volga and describes the numerical age of the main stages of
the Late Quaternary environmental evolution of the region.

Research was supported by Russian Science Foundation (17-77-10134).
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The Caspian sea is characterized by a significant amplitude and speed of
changes in the level. In the Holocene, the level fluctuation amplitude was from -20
to -100 m (May, 2006; Levers, 2015). Accordingly, the area of the Caspian
lowland and the waters of the shallow Northern Caspian sea (depths less than 20m)
changed dramatically. These changes significantly changed the peculiarities of the
natural environment of the region. When the sea level fell by tens of meters, the
rivers deeply cut into the plains, the groundwater level fell sharply and sharply
spread arid landscapes. When filling erosive incisions, the groundwater level rose
and the great importance acquired hydromorphic landscapes, particularly in the
deltas of the rivers Terek and Sulak.

The climate of the region was also changing in contrast, in particular the
conditions for the accumulation of loess rocks here periodically arose. Strong
deposits of such rocks have been preserved along the sloping plains along the
Northern slope of the Caucasus, in particular on the Khasavyurt plain. Here loess
capacity exceeds 30 meters, they are separated by several buried soils (ldrisov,
2013). Also loess deposits covered all the Khazar terraces of the region. In modern
times, these deposits are eroded and preserved only in the soils covering these
terraces (Idrisov, 2006).

Periodically, conditions for the accumulation of Eolian loess deposits
developed in the Holocene. For example, in deep regressions of the Caspian sea.
Analysis of the profile of the sediments of the southern Caspian lowland has
allowed to reveal layered structure with the alternation of marine, alluvial and
subaerial deposits, dramatically different from each other. Subaeral deposits of
chestnut-pale yellow color, porous, dusty, contain shells of land mollusks (ldrisov,
2014). In our opinion, the last stage of large-scale accumulation of loess deposits
was in the Derbent regressive phase about 1000 years ago.
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Manych-strait connected Black sea and Caspian Sea in Pleistocene is a great
event in the history of the Ponto-Caspian region. The strait located within such
geological structure as Manych Depression which is extended sublatitudinally
from the west coast of Northern Caspian to the north-west of the Azov sea. The
existence of the Manych-strait is essentially for the stratigraphy and
paleogeography. There were several stages when marine waters spilled over from
Black sea to Caspian and alternatively. Due to the alternation of sedimentary layers
it is possible to correlate pleistocene deposits and paleogeographic events.
Nowadays there are a lot of materials and data about the history of Manych-strait.
In the profile are distinguished interbedding marine deposits with lacustrine and
alluvial formations and subaerial deposit on top. The main question is the
paleogeographical reconstruction and chronological timeframe of main events of
Late Quaternary. We try to solve this problem using our new data and elaborating
available information.

The study of the two core 40 and 42 m deep from the central part of the
Manych depression by a set of methods (sedimenthological, faunal, spore-pollen
analyzes, radiocarbon and optical-luminescence dating) contributed to the solution
of the problem of the Hirkanian Strait in the Manych depression in the Late
Pleistocene. The beginning of the Late Pleistocene (interglacial, MIS 5e) was
characterized by a deep penetration into the Manych depression of the deep
ingression of the Karangat transgression of the Black Sea. Its waters had a
relatively high (not less than 18-20 %o) salinity, which allowed the existence of a
rich Black Sea mollusk complex. The completion of the interglacial period and the
transitional stage to the glacial epoch (I1A 5d) led to a gradual retreat of the waters
of the Karangat Bay from the Manych depression and their retraction to the Black
Sea basin. This stage is dated by OSL 119+7 ka (Kurbanov, 2018). This stage was
completed with the development of the Hyrcanian Strait of the Caspian Sea. The
strait had desalinated brackish Caspian water (salinity 8-7 %o). Its faunistic
complex is represented by mollusks Didacna cristata, D. hyrcana, D. subcatillus,
Monodacna caspia, Dreissena polymorpha. The strait had low-energy
sedimentation conditions, apparently due to its considerable expansion in the
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central part of the depression. The landscapes corresponded to interstadial
(relatively cool, with less seasonal contrasts and greater humidification compared
to modern) climatic conditions. The first dating for the Hirkanian deposits (middle
part of the thickness) with OSL is 107+7 ka, determining the age of the existence
of the strait as MIS 5c. The sea epoch of the development of the central part of the
depression was replaced in the second half of the late Pleistocene by the long phase
of lacustrine sedimentation (Burtas Lake).

Research was supported by the Russian Science Foundation, project 16-17-
10103.
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Based on the analysis of modern ideas about the history of the Caspian sea a
series of stages for the three major phases of sea-level rise (the Novocaspian,
Khvalynian and Upper Khazarian) is identified. For each stage of sea level rise
through the use of cartographic research methods, the boundaries of the relevant
basin have been identified, as well as a model of the topography of the sea bottom.
The calculation of metric characteristics of the Caspian sea (the length of the
coastline, the area of the basin and its volume) were made on the basis of basin
boundaries and sea bottom topography models. Sources for mapping and
calculations were: earth remote sensing data, open digital elevation model data,
existing physical and geographical maps. Sources for mapping obtained in the
course of the study, basin boundaries and bottom topography models for different
stages of transgression, as well as the calculated parameters of different basins are
combined into a single geographic database — a geographic information system
based on Internet Geoportal. The calculated characteristics of the area, the length
of the coastline and the volume are the basis for understanding the paleogeographic
characteristics of the Caspian sea basins of different transgressive stages and
analysis of the evolution of the natural environment during Late Pleistocene and
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Holocene. The developed geographic information database is an effective tool for
visualization of the history of the Caspian sea, for the analysis of level fluctuations,
and it allows to estimate the possible negative consequences of flooding / drainage
on the coast. This work shows the importance of the cartographic method of
research in the analysis of fluctuations in the level, as well as in forecasting further
fluctuations and assessing their consequences for the region.

Research was supported by Russian Science Foundation (17-77-10134).

GEOMORHOLOGICAL EVOLUTION OF THE SOUTH-EASTERN
CORNER OF THE CASPIAN SEA DURING KHVALYNIAN
TRANSGRESSION (GOLESTAN PROVINCE OF IRAN)

Semikolennykh, D.}, Kurbanov, R.:, Yanina, T.!, Khoshravan, H.2
Belyayev, V.!

1 M.V.Lomonosov Moscow State University, Moscow, Russia.
2Caspian Sea National Research and Study center, Iran.

The Iranian Caspian coastal region is unique for understanding the history of
the Caspian Sea in Late Pleistocene and its correlation with the global and regional
climate change. At present, large-scale studies of the subaerial deposits of the
region - first of all - the so-called Iranian loess plateau are being carried out. Works
on the paleoclimatic reconstructions of the region in Holocene were performed by
Leroy (2016). However, the Iranian coast remains one of the few sections of the
Caspian where sea level reconstructions based on geomorphological evidence have
not been performed. In our work, we tried to reconstruct the history of the
development of the last and largest transgression of the Caspian Sea — Early
Khvalynian, and to reveal the stages of its development in Northeast Iran.

The object of research was the valley of the Gorgan River, in the sides of
which a series of sections with marine, alluvial and Aeolian (loess) deposits are
preserved. We have described more than 30 sections throughout the valley, within
the bounds of the possible influence of the Khvalynian transgression (up to a
height of +70 m abs). For the first time, deposits of mixed alluvial-marine genesis,
reflecting the Early Khvalynian transgression of the Caspian Sea, were found in the
sections. Completed OSL-dating of sediments allowed to reconstruct the stages of
development of the natural environment of the region after the LGM. Thus, 14-15
thousand years ago the middle part of the valley of the Gorgan River was covered
by the waters of the Caspian Sea. In sections of the middle part of the Valley
(altitude of +30 m), this stage is represented by rhythmic clays and loams of mixed
marine and alluvial genesis. The transition to purely alluvial floodplain deposits.
The upper part of the section is represented by subaerial loess deposits, with
thickness of 7-8 m. The subaerial phase of sedimentation began about 11 thousand
years ago with a high rate of formation of loess deposits. Obtained new data allow
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us to reconstruct the history of the development of the region’s geomorphology in
the final stages of the Early Khvalynian transgression of the Caspian Sea (14-12
thousand years ago) and the subsequent continental stage, during which a deep
cutting of the Gorgan River channel is noted with a synchronous accumulation of a
thick layer of loess.

This work was supported by Russian Funding for Basic Research (17-55-
560012).
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Introduction. During Late Quaternary Caspian Sea was a natural barrier
which determined a likely migration route for Paleolithic-Neolithic human
populations. Because of its central geographic location, the area also channeled
culture, technology, and other forms of exchange between adjoining regions of
Europe, Middle East, Central Asia from the first modern human occupation into
Eurasia up to the present day.

Paleolithic of Eastern Caspian sea is presented by a group of 15 sites
discovered by A.P. Okladnikov in the middle of 20th century (Okladnikov, 1954;
1966), some of which and later investigated by G.E. Markov (Markov, 1966).
These sites can be characterized as tree main groups of different age and
geomorphological position. First group consist of Epipaleolithic caves Djebel,
Dam-Dam-Cheshme-1 and 2, situated in the southern and western parts of Uly
Balkan mountains. Second group (Kaylu cave and Kuba-Sengir) are located in the
southern part of Krasnovodskiy peninsula on the slope of Gubadag range and
represents cultural layers from Epipaleolithic to Neolithic. Third group is more
ancient open-sites situated in central and eastern part of Krasnovodskiy peninsula.

Kaylui and Kuba-Sengir contain industries that belong to Mesolithic with
geometric microliths that were usually suggested to represent direct migrations
from the Zagros and South Caspian. Later S.K. Koztowski (Koztowski, 1996)
proposed to include these materials in Trialetian culture, characterized by massive
geometric microliths (length 30-60 mm), which vary in the chronological
sequence: trapezoid / asymmetrical triangle / lunate.
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We analyzed archaeological collections from the Dam-Dam-Cheshme-2,
Kaylui and Kuba-Sengir sites. For each site, we aggregated information concerning
geological context and stratigraphy from published materials.

Based on technological attributes we identified a few techno-typological
stages of lithic industries development. Flint was the most commonly utilized raw
material During the Final Pleistocene — Early Holocene transition time. The
predominant primary reduction strategy was aimed at blade and small blade
production. The tool Kkits from this period contain mostly geometric microliths. The
lunates and triangles are characteristic for early complexes, the triangles and
trapezoids — for late complexes. The length of the lunates is 20-50 mm, triangles
and trapezoids 15-25 mm.

The preliminary results of the research demonstrated that the shape of
geometric microliths varies in the sequence: lunate / triangle / trapezoid. The
obtained data do not correspond to the Trialetian variability of geometric
microliths. At the same time the southern Caspian (Komishan, Ali Tepeh) sites of
show the same trend as in Trialetian of change in type of geometric microliths.
Also the similar kind of the trapezoids are presented in the late Mesolithic-early
Neolithic materials in Mangishlak peninsula (Astaf’ev, 2014). Consequently, the
obtained results actualizes the general revision of the archaeological materials of
the Southeast Caspian and in particular Trialetian. General distribution of the
currently described sites suggests clear influence of Late Quaternary Caspian sea
transgressions on migration patterns of ancient humans in Central Eurasia. Thus, in
Western Turkmenistan all known sites are located close to the maximum position
of Late Khvalynian transgression the Caspian Sea (Yanina, 2016). Further research
of connections of ancient human migrations with Caspian Sea region
environmental change is of high demand with focus on highstands of
transgressions and formation of the Uzboi and Manych spillways as barriers for the
main routes.

Acknowledgements. The study of the lithic collection was supported by the
RF President grant (MJ/{-2845.2017.6) and RFBR (18-09-00222), geological
research was supported by Russian Science Foundation (17-77-10134).
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During the studying of the VVolgograd reservoir shores reformation, peculiar
features of the structure of the left bank shallows have been discovered. The
surface of the shoal and rock benches is covered with a network of cracks, which
form areas in the plan due to intersecting. Cracks in the upper part have a width up
to 20 cm, tapering downwardly. The cavities of the cracks are filled with sand
formed during the erosion of the shore. These cracks are pre-formed erosion ones
in weathering, which Khvalyn clays are heavily prone. The formed small cracks in
the abrasion of the shore are intensively developed by waves and filled with
coarse-grained material.

These cracks are very similar to specific formations in Quaternary sediments
known in the literature under the name “pseudomorphs by geocryologic wedges",
"cryoturbation”, etc. Formation of such forms is usually associated with the
existence of permafrost (Koptev, 1968; Moskvitin, 1962; Saltykov, 1964; Fedorov,
1957). On the Lower Volga, these "pseudomorphs” are developed in the top of
Middle Pleistocene (Khazar) sediments. Due to this, a break in the sedimentation is
synchronized with one of the major continental glaciations during which the
"frozen wedges" were formed. The formation of "pseudomorphisms™ is associated
not with the regime of permafrost, but with the transgressive erosion of Khazar
sediments with the waters of the Khvalyn Sea. Thus, "pseudomorphoses™ can be
considered as a characteristic element of the transgressive series of sediments,
formed with certain properties of eroded rocks (density, fracturing).

Under favorable geological and geomorphological conditions (the
consistency of the layers of fractured rocks, a weak slope of the beds towards the
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transgressing reservoir) that exist in the Peri-Caspian Depression, such "pseudo-
frost" changes involve huge areas and are a characteristic feature of geological
sections.
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During the Late Quaternary dramatic changes in relative sea-level are known
to have occurred in the Caspian Sea. However, all previous attempts at resolving
the uncertainty associated with the timing of these transgressive/regressive events
using standard dating methods have produced inconclusive or controversial results.
For the first time a reliable Late Pleistocene chronology has been derived using
optically stimulated luminescence (OSL), and post-IR IRSL,q, analysis of quartz
and K-feldspar grains extracted from 20 sediment samples collected along the
Lower Volga River. Analyses were conducted on multi-grain aliquots of the sand-
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sized fractions of loessic sediments, marine clays and the overlying modern soils
from three exposed sections ~50km downstream of Volgagrad. The signals from
all quartz samples were dominated by the fast component; there was no significant
IR sensitivity, and no significant dependence of D, on preheat temperature. The
post-IR IRSL,qo signals from the 5 samples examined also met all laboratory-based
criteria for a reliable estimate of equivalent dose. Resetting of the luminescence
signals was investigated based on the differential bleaching rates of quartz OSL
and K-feldspar signals; we conclude that all signals were sufficiently reset prior to
deposition.

Our results show unambiguously that the Early Khvalynian marine
Chocolate Clays present at all three sections were deposited post-LGM, between
~13.5ka and ~17 ka ago. These ages are further constrained by the those from the
overlying Kastanozem soils (0.7 to 9.1 ka) and underlying loess-soil series (19-30
ka). Relative (Caspian) sea-level during the Early Khvalynian must have been well
above the sampling altitude of 9.33 m (Srednyaya Akhtuba), 8.51 m (Raigorod)
and 6.98 m (Leninsk) to explain the absence of significant alluvial sand and to
allow the deposition of the clay-sized particles of the Chocolate Clays marker
horizon.

Research was supported by the Russian Science Foundation, project 16-17-
10103.
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Introduction. The hole KZ-1 (13,5 m) was drilled near Kazachi Yerik
village, on the right side of the Kalancha River (right distributary), in the inner part
of the Don River Delta, in the summer of 2016. The core was described by grain
size, color, structure, texture. It was taken core samples for paleogeographic
analyses with 10 cm interval.

Methodology. The field samples were divided to subsamples for grain size,
carbonate content & AMS-date analyses. The grain size subsamples were
triturated, reacted with 4% Na4P207 & loaded into laser particle sizer Fritsch
Analysette 22. The median, modes & distribution by factions were calculated for
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each subsample. The carbonate content subsamples were triturated & 1 g 0-63 um
faction of matter loaded into reaction cell of the carbonatometer KM-04M. 6% HCI
dissolved carbonates in subsamples & CO2 produced. It formed additional
pressure. The calcite & dolomite content were counted by time-to-time variation &
final level of the additional pressure. The one AMS-date was get from IGAN.

Results. The core was divided into 5 layers. 1) modern dark brown fluvial
soil (0,3 m; Md=3,3-4,0 um; ks=2,1-3,2; CaCO3=0-5 %). 2) buried grey & brown
fluvial soil (1,0 m; Md=1,4-3,7 um; ks=2,1-5,0; CaC03=0,1-19 %) with lime
nodules & lenticular rusty-coloured sand. 3) light brown alluvium (4,4 m; Md=2,2-
3,8 um; ks=2,3-4,4; CaC03=1-12 %). 4) laminated blue & grey lacustrine-fluvial
clay (6,2 m; Md=2,5-5,0 um; ks=2,1-5,0; CaCO3=6-10 %) with rusty-coloured
laminae on the top; with black silty laminae on the base: AMS-date - 19570+50
years (IGAN-6192). 5) light brown littoral sand (1,1 m to downhole; Md=254-339
um; ks=1,4-1,6; CaCO3=2-5 %) with rare marine shells. There is no dolomite in
the whole core.

One of the Late Pleistocene sea level rise caused deposition of the fifth
layer. Then the Azov-Black Sea Basin retreated. According to the AMS-date,
fourth layer formed in the Late Valdai (Wiirm). The rusty-coloured clays show
long stratigraphic hiatus. The upper three layers is more likely to correlate with the
Holocene. During this time, the modern fluvial plain has formed. The river
withdrew gradually & sedimentary rate was slowing down.

Conclusions. The history of Kazachi Yerik site correlates with the
development of the Circum-Pontic Region for last dozens of thousands years. At
the Late Pleistocene, it was marine beach with a high sea level & it was swampy
valley of the Proto-Don River with a low sea level. It was modern deltaic plain for
the Holocene. The research was supported by the RFBR Ne 18-05-00296.
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A structure of the Holocene deposits in the Northern Caspian Sea fully
reflects the level fluctuations of different scale. Their studying will clear up some
debatable questions of Holocene transgression of the Caspian Sea.The paper is
based on the processing of high and low frequency seismic-acoustic profiles, as
well as on the cone penetration tests. The results provided the basis for the
sequence stratification, the identified lithological and stratigraphic units being
traced all over the region. Taking into account the above-mentioned data, the
exploratory boring to a depth of 80 m has been carried out in some areas. The
obtained core was studied using an integrated approach, with lithological,
faunistic, palynological, and geochronological methods being applied.

The Holocene thickness makes up 10 m. Deposits are presented by
Mangyshlakian regressive and Novocaspian transgressive layers. Mangyshlakian
deposits fill paleo-lows in the strata of the Khvalynian deposits in the interval of
the present-day sea depth 3-33 m, similar to the modern ilmeni water bodies of the
Volga delta, paleo-valley and the cover of paleo-deltaic deposits in the southern
part of the Northern Caspian Sea. Based on the data of radiocarbon dating, the age
of the Mangyshlakian deposits is in the interval between 10,5-11,9 cal ka BP. The
Novocaspian deposits lie on the Mangyshlakian horizon. They are represented by
various shallow facies with abundant shells of mollusks. According to
seismoacoustic profiling, the Novocaspian horizon at sea depths up to 10 m
contain uneven-age cuttings into the Novocaspian, Manyshlakian, and even into
the Khvalynian deposits. The cuttings reveal depths to several meters and,
apparently, have an alluvial genesis. Three sub-horizons (nk1, nk3 and nk5) are
identified on the basis of mollusk composition. In the lower sub-horizon (nkl), the
abundance of Didacna mollusks sharply decreases, and only Didacna
barbotdemarnyi is represented, but slightly brackish-water mollusks Dreissena,
Monodacna and Hypanis dominate. The middle sub-horizon (nk3) is characterized
by the existence of different species of Didacna, Monodacna, Hypanis, Adacna,
and Cerastoderma glaucum. The upper sub-horizon (nk5) differs in the presence of
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modern species: Abra ovata, and Mytilaster lineatus. The mollusks shells from
depressions (nk2 and nk4) contain freshwater species of Viviparus, Unionidae,
Lymnaea, Planorbis.

According to radiocarbon dating, the first stage of transgression (8200-5600
yr BP) developed under conditions of a warm and wet climate of the Holocene
optimum. The second stage (3600-3400 yr BP) could be a response to the
Subboreal cooling and increase in moisture supply on the East European Plain. The
third transgressive stage occurred after 2300 yr BP. Two regressive phases
occurred 5600-3700 and 3080-2300 yr BP, the sea level being lowered by 5-14 m.
The first phase corresponded to the Subboreal thermal maximum of the Holocene
marked by a low moisture supply over the European part of Russia. The second
phase is considered to be the Caspian Sea response to the warming and rainfall
decrease in the Volga drainage basin.

The work is supported by the Russian Geographical Society (Grant 3/2017-
P) and the RFBR (Grant Ne 18-05-00684).
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