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PREFACE

"Valdai Periglacial” scientific conference and
field symposium (Fig. 1) was organized by the
Institute of Geography, RAS with the support of
the Soil Science Faculty, Lomonosov Moscow
State University; Institute of Earth Sciences,
Saint-Petersburg State University; Faculty of
Geography, @ Herzen  State  Pedagogical
University; Commission for Study of the
Quaternary; agricultural enterprise Red Mayak
LLC; and the State Museum-Reserve "Rostov
Kremlin", in which premises the in-doors events
were held. The geography of participants
stretched from Kaliningrad to Tyumen, and
from Orenburg to Karelia, with two capitals —
Moscow and Saint-Petersburg — providing the
largest delegations (Makeev et al., 2023).

The first half of the XX century is associated
with the classic works of soil scientists and
Quaternary geologists, e.g., scientific groups of

Landscapes of the Rostov Lowland and
Borisoglebsk Upland have been the focal
attention of Russian scientists since the
mid-XIX century. There, at the well-renowned
Early Medieval Sarsky Gorodische, Meryan
settlements and burial mounds near the village
of Shurskol, the efforts of Count A.S. Uvarov’s
expedition laid the core stone of the Russian
school of archeology in 1851. Almost three
decades later, in 1878, dark-colored soils of the
Lake Nero low terraces — the notorious "Rostov
chernozems" — were studied by the founder of
pedology Prof. V.V. Dokuchaev. He determined
their ultimate lacustrine origin and dispelled
the myth of their relationship with the fertile
soils of steppes.

Figure 1. Participants of the Valdai Periglacial Field Symposium against the Borisoglebsk Upland landscapes.
AA. Krasyuk, K.K. Markov, L.P. Gerasimov.

Found in the late 1930s by N.V. Chizhikov
(1956), unique postglacial deposits have been

Preface
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studied in the gully incisions near the village of
Cheremoshnik (Figs. 2 & 3). Without
exaggeration, those late Quaternary sections
have gained international acclaim and even
were depicted in fiction art pieces (Dorosh,
1973). At the dawn of the radiocarbon age
determination of organic matter in the late
1950s, some of the first dates in the USSR were
obtained for certain peat, wood, and soil
samples from the NE Borisoglebsk Upland
(Serebryanny, 1965).

The current Symposium pursues a series of
scientific events dedicated to  the
geomorphology, Quaternary geology, and
paleogeography of the Upper Volga Region. In

August 1969, the International Symposium
"Paleogeography and Pleistocene Periglacial
Phenomena" was organized by the Commission
for Study of the Quaternary, USSR Academy of
Sciences (Markov et al., 1969; Ivanova, 1972) as
one of the VIII INQUA Congress events (Paris,
30 August — 5 September, 1969) on the
initiative of K.K. Markov, Chairman of the
INQUA Paleogeographical Commission, USSR
AS Corresponding Member. The symposium
was reminiscent of the current conference.
Assembly of no further than 20 oral
presentations was crowned with an extensive
three-day field excursion around the Upper
Volga (Fig. 2) and another tour to Yakutia.
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Figure 2. Title page of the Guidebook "Moscow — Upper Volga" for the International Symposium on

Paleogeography and Pleistocene Periglacial Phenomena (Markov et al., 1969) and the following year photo
featuring V.A. Novsky in front of the Cheremoshnik-B section (Moskvitin, 1976).

In 1981, the XI INQUA Congress was held in
Moscow with a couple of excursions visiting the
Upper Volga and the Golden Ring touristic
route (Shik & Tseytlin, 1981). Just three years
later at the XXVII International Geological
Congress, a two-day bus excursion followed in
the footsteps (4-14 August 1984, Moscow)
(Sudakova et al., 1984) led by N.G. Sudakova
(MSU) and V.V. Dashevsky (Ministry of Natural
Resources RSFSR). At the turn of the millennia,
in July 2001, another symposium of

the RAS Commission for Study of the
Quaternary "Problems of the stratigraphy of
Quaternary deposits and geoecology of the
Yaroslavl Volga Region" was held in Yaroslavl
(Lavrushin & Chistyakova, 2001). Researchers
of the Yaroslavl and adjacent regions took part
in the symposium coming from Moscow,
Saint-Petersburg, Syktyvkar, Saransk, and
Cherepovets. Three scientific excursions were
conducted to examine the Quaternary sections
in the vicinity of Rybinsk, Uglich, and Rostov.

Preface
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Figure 3. Sketches of geological exposures and their positions in the Cheremoshnik-Puzhbol gully system
presented in the guidebook "Moscow — Upper Volga" for the International Symposium on Paleogeography and
Pleistocene Periglacial Phenomena (Markov et al., 1969) and Excursion 10—B guidebook "Quaternary deposits
near the town of Rostov-Yaroslavsky" for the XXVII International Geological Congress (Sudakova et al., 1984).
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In fine traditions, the current Symposium
comprised scientific sessions, workshops, and a
four-day field tour embracing a wide range of

issues of  Quaternary  geology  and
paleogeography, geomorphology, pedology,
paleoclimatology, paleolimnology,

cryolithology, and other related scientific fields
with an emphasis on the Late Valdai
environments conditioned by the dynamic
climatic rhythms of cold and warm, arid and
humid oscillations (Palacios et al., 2022). Those
rhythms constrained the sedimentation and
pedogenesis against the widespread permafrost
and erosion phenomena and lake environments.
Episodes of surface stabilization associated with
the paleosol development were rhythmically
disturbed by slope and subaerial sedimentation
and cryogenic deformations.

Formed in periglacial settings and

polygenetic in nature, loamy deposits largely
governed the organization of modern soil bodies
and soil cover. So far, reconstructions of
complex dynamics of the Late Pleistocene

sedimentation and pedogenesis have been
based on the infills of depressions of the initial
glacial topography (i.a. Markov et al., 1969;
Moskvitin, 1967, 1976; Novsky, 1975; Sudakova
et al., 1984; Lavrushin & Chistyakova, 2001;
Rusakov et al., 2015, 2017, 2019; Shishkina et
al., 2019; Garankina et al., 2019, 2022 Belyaev
et al.,, 2020; Sheremeskaya et al., 2022).
However, in autonomous and subordinate
paleolandscape positions, the integrity of
paleogeographic records varies significantly.
That issue emphasizes the relevance of studying
interfluvial landscapes of the Moscow glaciation
marginal zone while the reconstruction of Last
Deglaciation and Late Glacial events (21—11 ka)
(Palacios et al., 2022) remains the most
controversial reflecting the increasing frequency
and contrast of environmental changes.

On the first day (25 August), a thematic
workshop at the Museum of Rostov Merchantry
was dedicated to the paleogeographical issues of
the Rostov Lowland, Borisoglebsk Upland, and
Upper Volga Valley (Fig. 4a).

Figure 4. Thematic workshop "Paleogeographical issues of Rostov Lowland, Borisoglebsk Upland, and Upper
Volga Valley" at the city estate of Kekin merchants (a) and welcoming speech of A.V. Panin during the opening

of the conference at the Stable Yard of Rostov Kremlin (b).

On 26 August, oral and poster sessions
proceeded in the Stable Yard of the Rostov
Kremlin (Fig. 4b). V.I. Astakhov opened the
plenary session by comparing the Last
Periglacial of the Russian Plain with the
adjacent regions. It was followed by
presentations of D.A. Subetto (On the issue of
glaciolacustrine deposition); O.K. Borisova
(An attempt at reconstructing vegetation and
climate in the periglacial region of the Late

Valdai glaciation based on paleofloristic data);
I.D. Streletskaya (Polygonal structures and
associated deformations in deposits);
A.O. Makeev (Soils on Moscow Cryochron tills
as an archive of paleogeographic information);
E.V. Garankina (Mantle loams as a periglacial
phenomenon: origin and age); A.A. Gol'yeva
(Phytolithic complexes of soils and cultural
layers of Vladimir Opolye), S.I. Larin
(Periglacial relicts of Sartan Cryochron in the

Preface
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SW of Western Siberia); E.Yu. Novenko
(Interstadial Late Pleistocene vegetation of
Middle Desna Basin: reconstruction based on
paleobotanical data from Khotylevo I section);
A.G. Ryabukha (Paleocryogenic origin of
microdepression landscape of Orenburg
Region); and A.V. Panin (On existence of a
hypothetical Tver proglacial lake in context of
the primary settlement of Dubninskaya
Lowland). The following sessions put an
emphasis on the reports by young researchers
and students against the results of profound
scholars yielding an enriched discussion.
In-door debates were followed by a four-day
field trip familiarizing the attendees with the
topography, geological sections, buried soils,
and relict cryogenic horizons of the Valdai
periglacial zone (Fig. A). Field sites were
presented by E.A. Konstantinov (IG RAS), A.V.
Rusakov (SPbSU), E.V. Garankina (MSU),
I.G. Shorkunov (IG RAS), A.O. Makeev (MSU),
V.A. Lobkov (IG RAS), and L.S. Frolova (MSU).
Students and graduates of the Faculties of
Geography and Soil Sciences, MSU, and
PhD students and young scientists of the
Institute of Geography, RAS took a major part
in organizing the field tour and preparing the
key sections for the field presentation.

T

Figure 6. Discussion concerning the contact of lacustrine and glacial deposits in the Solovey Quarry.

On the first day of the field tour (27 August),
the participants engaged with the fluvial history
of the Nero Lake basin (Fig. 5) as well as the
glacial topography of the Borisoglebsk Upland
(Figs. B—C). Lake sedimentation as the leading
driver of its postglacial transformation was
presented in the quarry walls showing the
complex relationship of lacustrine and glacial
deposits (Fig. 6). Structure of the interfluvial
sedimentary cover including buried soil

horizons, pedosediments, and their cryogenic
deformations was displayed in a large soil pit on
the flat top of the highest hill in the vicinity
(Fig. 7).

Figure 5. Katerina Garankina showcases lacustrine
sedimentary sequences of NE Borisoglebsk Upland.

Preface
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Figure 7. Ilya Shorkunov demonstrates the cover deposits of the Borisoglebsk Upland interfluves.

Second and third days (28—29 August) were
spent examining terraces of the Volga Valley
and adjacent moraine ridges in the elevation
range of 117 to 180 m a.s.l. (Fig. 8). Participants
observed the relict glacial landscape of Moscow

age and soils in bipartite deposits. The absence
of river terraces in the Upper Volga Valley was
emphasized with attention drawn to the Late
Glacial eolian reworking of the upper layer
above till on bedrock terraces.

Figure 8. Alexander Makeev presents the geological structure of terraces of the Upper Volga Valley and a soil

profile in bipartite sediments.

On the third and fourh field days
(20—30 August), participants got acquainted
with the landscape (Figs. D-E) and geological
structure of the Vladimir Opolie (Figs. 9 & 10).

Its soil cover majorly inherited relict permafrost
features — block-and-through paleocryogenic
topography. Issues of the early human
settlement and later agricultural development
were also raised during the excursion.

Preface
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Figure 9. Irina Streletskaya elaborates on the nature of permafrost features in the soil profile
of the Shikhobalovo Plateau.

~

Figure 10. Vasily Lobkov and Lyubov Frolova present the soil cover heterogeneity and buried paleosols
of the Suzdal Plateau.

Preface 14
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Centered on the environmental history of the
periglacial zone, the Symposium route was
accompanied by the monuments of ancient
Russian history and culture widely represented
along the Golden Ring (Fig. A).

Photos in Figs. 6 & 8-10 are courtesy of
Dmitry Baranov, Figs. 1 & 4 of Ilya Shorkunov,
Figs. 7 & 11 of Ekaterina Garankina,
Fig. 5 of Lubov Frolova.

Those wishing to learn more about the
Symposium backstage may visit social media of
the Department of Paleogeography, Institute of
Geography RAS:
https://vk.com/quaternary science,
and the Laboraory of paleoarchives
https://web.telegram.org/a/#-1729705721.

Conference  materials  "Periglacial  of

East-European Plain and Western Siberia"
(released in Russian) can be downloaded here:

http://eg.igras.ru/ru/quarternea2023/.

Figure 11. Valdai Periglacial ice-breaker party at the backyard of Rostov Kremlin, Hors art gallery.

Preface
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FIELD TOUR MAPS

Figure A. Map of the conference field tour, 27—29 August 2023
(here and below — FABDEM in the background)

Field tour maps
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Figure E. Map of the last day of the conference tour, 30 August 2023
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BORISOGLEBSK UPLAND AND ROSTOV LOWLAND:
THE INTERVENING HISTORY OF ENVIRONMENTAL CHANGE
August 27, 2023

STOP 1. ROSTOV BASIN AND LAKE NERO:
GEOLOGY, GEOMORPHOLOGY, AND PALEOGEOGRAPHY
August 27, 2023, morning

Topography. The Rostov Basin (Lowland)
is a depression 60—80 m deep with an area of
about 750 km? (Fig. 1.1), located approximately
180 km NE of Moscow. It has an irregular shape
with a wide northern and a narrow southern
margin. The maximum width (north to south) is
28 km and the length (west to east) is 35 km.
From the west and SW, the basin is canvased by
the Borisoglebsk Upland, from the NW by the
Uglich Upland, from the north by the Talitsa
Upland, from the east by spurs of the
Klin-Dmitrov Ridge. The elevation of the Rostov
Basin floor varies from 90.7 m (near the
confluence of Kotorosl and Lakhost rivers) to
105 m at the footslopes of surrounding uplands.

On the floor and the sides of the Rostov
Basin, three to six terrace levels are
distinguished in the range of 94 to 145 m a.s.l.
The most accepted scheme of the terrace
complex is presented on the State geological
map of USSR. Quaternary deposits,
0-37-XXVIII, 1968 (Fig. 1.2.). Terrace To
94—97 m high is a lake floodplain subjected to
periodic flooding during heavy floods. Terrace
T1 100-105 m high occupies most of the Rostov
Basin floor. At the footslopes, along the rear
seam of the Ti1 terrace, there are extensive
alluvial-colluvial trains. Alluvial fans of
neighboring rivers and streams descending
from the uplands often merge. Terrace T2 of
107-115 m is fragmentary expressed
manifesting best on the SE and W sides of the
Rostov Basin. Terrace T3 of 118—125 m is well
expressed on the eastern side of the lowland
near the Utkino Village and the western side
near the villages of Poddybie and Shulets.
Another terrace T4 is often identified at a height
of ~145 m (Aleshinskaya & Gunova, 1997).

Hydrography. Several dozen rivers flow
into the Rostov Basin, the largest of which are

Ustye, Kotorosl, Sara, Lakhost, Veksa, and
Mogza. The basin runoff is through the Kotorosl
River, which flows into the Volga River in the
city of Yaroslavl. On the Rostov Basin floor,
riverbeds are meandering. Kotorosl River
meanders reach extraordinary proportions in
between the confluences with the Veksa and
Lakhost rivers. Intense horizontal riverbed
deformations led to a great number of
abandoned channels, in which oxbow lakes
developed. Up to half of the Rostov Lowland is
occupied by marsh landscapes. A dense
artificial drainage network shows the scale of
marsh reclamation, which took place in the first
half and mid-XX century.

Lake Nero is located in the south of the
Rostov Basin (Fig. 1.1) being the largest lake of
the Yaroslavl Volga Region. It is a flowing water
body. The water surface area (58 km?) is only
about 8% of the total basin area. The lake is
SW-NE elongated and pear-shaped -
extending to the south. The Sara River and
another 20 small rivers (Vorzhenka, Voksitsa,
Sulost, Seletskaya, Vorobylovskaya, Glubokaya,
Serebryanka, Vanoga, Mazikha, Ishnya,
Kuchebezh, etc.) flow into Lake. The Veksa
River drains the lake giving rise to the Kotorosl
River downstream of the confluence with the
Ustye River.

The lake is 13.2 km long with a maximum
width of 8.3 km and an average depth of 1.6 m
peaking at 4.7 m (Bikbulatov, 2003). Before the
Veksa River damming mean long-term level was
93.75 m (Fortunatov & Moskovskiy, 1970). In
years with average water level, fluctuation
amplitudes are 1.2—1.3 m. In dry years with
little precipitation, it could reach 3 m. During
the observation period, the maximum level was
recorded at 96.37 m, and the minimum - at
93.09 m (Bikbulatov, 2003).
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1 — Poddyb’ye; 2 — Ishnya; 3 — Rostov-Ugodichi.

In the late 1980s, a dam was built to
straighten the riverbed of the Veksa River to
regulate the water level in Lake Nero and
prevent floods occurring during the snowmelt
period as a result of water rising in the Ustye
River and backwater on the Veksa River.
According to the authors’ measurements carried
out in November 2021, the water level in the
upper pool of the Veksa River dam was 94.3 m,
and in the lower pool — 93.0 m. Measurements
of the low water level of the lake in February
2020 showed a value of 94.2 m.
The measurements were made by the EFT Mg
GNSS receiver in RTK mode, the heights are
given according to the EGM 08 geoid.

The shores of the lake are low and swampy.
In the north, near the Veksa River source in the
"throat" of the lake, as well as in its southern
bays, there are many small marshy swampy
islands. Off the western shores, there are the
islands of Rozhdestvensky (opposite the Rostov
Town) and Levsky (opposite the L'vy Village).
In the southern part of the lake, there is a large

beak-shaped delta (more than 2 km long) of the
Sara River, which divides that part of the lake
into two bays — the southwestern one (Varus),
which has fairly smooth shore outlines, and the
southeastern one, indented with small bays and
bays (Klyuchi, Makarikha, Boteev, Volchikha,
Plotska, Gertsukha, Ozereshnya, Plavia, etc.).

Lake Nero belongs to the highly eutrophic
type. In summer, with abundant plankton
blooms, the water takes on a shade from green
to brownish. About 80% of the water area of the
lake is covered with macrophyte communities
dominated by pierced-leaved pondweed, dark
green hornwort forming underwater meadows,
and yellow egg-pods. In the coastal strip,
communities of reeds, large manna, lake reeds,
and cattails are widespread.

Geological structure. The Rostov Basin is
of tectonic nature and originated in the Lower
Cretaceous (Somov, 1939). In the Paleogene and
Neogene, the initial tectonic depression was
significantly deepened as a result of intense
erosion, and a deep valley arose on the site of
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Lake Nero. In the Pleistocene, an inherited
landscape developed with repeated glacial
advances largely leveling the pre-glacial
landscape of the territory.

Pre-Quaternary formations are represented
by Permian, Triassic, Jurassic, and Cretaceous
rocks.

Permian gypsum clays, siltstones, sands, and
sandstones of the Tatarian stage outcrop in the
floors of deep paleovalleys. Lower Triassic clays
interbedded with sands are exposed on the
sides of paleovalleys. The Upper Jurassic and
Lower Cretaceous clays, sands, and silts line up
most of the Rostov Lowland floor.
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Figure 1.2. Fragment of State geological map of USSR. Quaternary deposits. 1:200000, O-37-XXVIII, 1968.

1 — lacustrine deposits, Holocene, sand, loam, sandy loam, gyttja; 2 — alluvial deposits, Holocene, sand;
3 — lacustrine and palustrine deposits, Holocene, loam, peat; 4 — deposits of the 1* lake terrace, middle and
upper Valdai time, loam, clay, sand; 5 — deposits of the 2" lake terrace, late Valdai time, loam, clay, sand;
6 — alluvial deposits of the 1% river terrace, middle and late Valdai time, sand, loam; 7 — watershed cover
formations of problematic origin, Valdai time, loam; 8 — slope deposits, Valdai time, loam; 9 — lacustrine
deposits of the 3™ lacustrine terrace, Moscow time, sand, loam, silt; 70 — glaciofluvial deposits of the later stages
of glacier retreat, Moscow time, loam, sand; 11 — glaciofluvial deposits of the early stages of glacier retreat,
Moscow time, sand; 12 — terminal moraines, Moscow time; 13 — deposits of glacial meltwater channels and
lakes, Moscow time, sand; 14 — glacial till, Moscow time, boulder loam, sandy loam, sand, pebbles, gravel;
15 — natural levees.

(Figs. 1.3 & 1.4). More than 100 m of the
sedimentary stratum accounts for the lake
sediments accumulated over the past 150 ka
since the Moscow ice sheet retreated.
Large-scale geological studies of Quaternary
deposits were carried out in the 1950-1970s.

Quaternary deposits and Pleistocene
paleogeography. In the Rostov Basin, the
thickness of Quaternary deposits reaches 160 m
(Aleshinskaya & Gunova, 1997) represented by
a complex of glacial, glacioluvial, lacustrine,
alluvial, and palustrine formations
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Those works included the drilling of deep
exploratory wells, the drilling of Holocene
bottom sediments of Lake Nero, as well as
various analytical studies: lithological and
geochemical, diatom analysis, spore-pollen

analysis, thermoluminescent dating,
radiocarbon dating. A generalization of the
results of those studies is given in works by
Z.V. Aleshinskaya and V.S. Gunova from the
Faculty of Geography, Moscow State University.
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Figure 1.3. Geological profile of the Lake Nero basin along the Rostov-Ugodichi transect (fragment) compiled
by Z.V. Aleshinskaya and V.S. Gunova (Gunova, 1975). The ratio of horizontal and vertical scales is 1:50.

1 — peat & sapropel; 2 — clay; 3 — sandy loam; 4 — sand; 5 — varved clays; 6 — loam; 7 — gyttja; 8 — boulder loam;
9 — sand with gravel, pebbles and boulders; 10 — pre-Quaternary bedrock.

Below the main results of the studies
(Gunova, 1975; Aleshinskaya & Gunova, 1997)
are briefly summarized with authors’ additions.
The main features of structure, composition,
and age of the Pleistocene deposits are given
with paleogeographic interpretations.

Dnieper-Moscow glaciation. Dnieper till is
represented by dark-brown highly compacted
loams. Reaching 40 m thick within the lowland
it lies over the bedrock with erosive contact. It is
covered by 10-m thick glaciofluvial pebbles with
boulders and sand matrix of the Dnieper age.
Above, the Moscow till is composed of
reddish-brown and brown boulder loams and
sandy loams up to 14 m thick.

End of the Moscow glaciation. During the
late Moscow, melting of the glacier led to the

formation of a vast glacial lake in the basin. A
deep ultraoligotrophic water body enabled the
deposition of varved clays up to 27 m thick in its
center upon the glaciofluvial sands underlain by
the Moscow till. Lining up the Rostov Basin
floor, varved clays are laterally substituted
towards the sides by sand and gravel-pebble
facies, which compose the highest levels of
glaciolacustrine terraces with elevations of
118 to 145 m a.s.l.

Palynological studies testify to the severe
Late Moscow climatic conditions. Tundra and
forest-tundra associations dominated near the
lake represented by pine-birch woodlands.
Open spaces with tickets of shrub birches and
moss-herbaceous associations occupied
significant areas.
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Figure 1.4. Consolidated stratigraphic scheme of Quaternary deposits in the basin of Lake Nero and its
paleogeographic interpretation (fragment compiled by V.S. Gunova (1975)). See the legend in Fig. 1.3.
The red dashed line is the maximum probable level of the lake after the Mikulino interglacial.

Mikulino interglacial. During the Mikulino,
clays and later marls and loams accumulated in
the center of the lake. The total thickness of
interglacial sediments ranges from 2 to 7 m.
Spruce forests grew in the vicinity of the lake,
then substituted by birch and pine forests with
few broad-leaved species.

During the Mikulino climatic optimum, the
physicochemical regime of the lake and
surrounding landscapes changed significantly.
The climate was slightly warmer than present
with broad-leaved and coniferous-broad-leaved
forests common in the vicinity of the lake. Lake
Nero was a shallow well-heated life-rich water
body, which remained a flowing reservoir
during the entire Mikulino interglacial,
according to geomorphological, geochemical,
and diatom data. Its level dropped significantly
compared to the late Moscow. It was probably

close to the modern one or even somewhat
lower that is evidenced by the limited
distribution of its Mikulino sediments at
elevations of 40 to 66.6 m a.s.l.

Valdai epoch. The absence of glacial and
glaciofluvial sediments in the post-Mikulino
stratum unequivocally indicates the Moscow
glaciation to be the last in that area. Northern
taiga, tundra, and steppe elements in the
spore-pollen spectra of the Valdai deposits
indicate the periglacial zone to be spread there
during the entire Valdai epoch.

During the early Valdai, a 25 m thick layer of
non-carbonate silty sands accumulated in the
center of Lake Nero indicating the high
sedimentation rates and significant depth of the
reservoir. Simultaneously, less than 3 m of
loams with a carbonate content of up to 30%
accumulated in the warmer shallow coastal
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zone. The lake level could have risen above
100 m a.s.l. yet not exceeding 107 m, generally
characterized by the oligotrophic features.

At the early stages of the early Valdai,
pine-birch and birch light forests with spruce
were common in the vicinity of Lake Nero.
Open landscapes with shrubs and xerophytic
forb associations were of great importance.

During the Middle Valdai, there was a slight
warming and a decrease in the Lake Nero level.
Two regressive stages were noted with the latter
being more prominent. Yet the lake preserved
the features of an oligotrophic reservoir
although to a lesser extent than at the previous
and subsequent stages of the Valdai era.
Sediments quite diverse in lithology and
thickness were formed. In the central part of the
lake, 8 m thick clays of low carbonate content
with plant remains and 10 m thick silty fine
sands accumulated. Contrastingly, in the
well-heated shallow coastal zone with abundant
aquatic vegetation, marls deposited at the onset
of the Middle Valdai with the carbonate content
reaching 94.2% (almost 10 times higher than in
the sediments of the central part of the basin).

Palynological data indicate landscapes
combining forest, steppe, and tundra
associations. In the first half of the Middle
Valdai, forest groups were dominated by
coniferous (spruce and pine) species, while in
the second half, birch tended to predominate,
tentatively implying a cooler climate.

In the late Valdai, two stages are
distinguished in the history of the lake. During
the first stage, up to 6 m of clays with plant
detritus accumulated in the center of the lake
against sands in the peripheral zone. Sediments
are non-carbonate. The lake level rise, which
onset was noticed at the end of the Middle
Valdai, reached its maximum exceeding the
modern one by several meters. Paleobotanical,
geochemical, and lithological data testify to the
oligotrophy of the lake. The vegetation cover of
the lake catchment was dominated by pine,
birch, and spruce light forests. Along with forest
groups, steppe communities were widespread,
in which sagebrush played the major role, as

well as tundra associations with the
predominance of shrub birches.

The second late Valdai stage corresponds to
the degradation of the Valdai glacial cover
characterized by frequent and abrupt changes in
environmental conditions. Frequent changes in
lithological composition testify to the repeated
shifts in the lake regime and fluctuations of its
level. At the end of the stage, the Lake Nero
level decreased reaching a minimum in the Late
Glacial, which was probably lower than the
modern one. Thus, the lake water surface
significantly reduced.

Terrace complex on the western side
of the Rostov Basin. In 2019, work was
carried out to study the structure of the western
side of the Rostov Depression near the village of
Poddyb’ye (Fig. 1.5a). A  geodetically
constrained topographic profile and two
machine-drilled cores — K7 and K7-B — were
accomplished. The profile traverses the area
where terrace T2 (107—115 m) is best expressed
while terrace Ti (100-105 m) 1is least
complicated by alluvial-colluvial deposits.

Terrace T2 has an inclined surface of
115 to 110 m a.s.l. with indistinct rear seam and
edge. In core K7 (Fig. 1.5¢), rhythmically layered
sandy loams and loams with single gravels were
recovered in the depth range of 6.5—22.5 m.
Individual layers are 2 to 5 mm thick. Probably,
rhythmites accumulated in the peripheral part
of a large deep oligotrophic water body that
existed in the late Moscow (Aleshinskaya &
Gunova, 1997). Rhythmites are overlain by a
sand layer (up to 2 m thick) with gravel and
angular pebbles. Overlying thin (0.3 m) dark
gray-brown organic loam (loamy gyttja) was
assigned to the Mikulino deposits. Sediments
above the rhythmites correspond to the stage of
lake level drop leading to the formation of an
abrasion terrace. During the Mikulino, local
shallow lakes could develop on that terrace. The
upper 4.3 m of core K7 represent a slope train of
mottled yellow-gray loams with dark clods and
sand. The absence of Valdai lacustrine deposits
on the terrace indicates the lake level of the
Rostov Basin not exceeding 108 m in the
post-Moscow time.
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Figure 1.5. Structure of the terrace complex at the Poddyb’ye key site, the western Rostov Depression:
a) positions of cores and topographic profile with a satellite image at the background; b) geological profile;
¢) geological structure and analytical data of K7 and K7B cores. 1 — soil; 2 — slope loam; 3 — massive loam;
4 — sand with gravel; 5 — silty sand; 6 — varves; 7 — loamy gyttja; 8 — gyttja; 9 — peat; 10 — peat with calcareous
gyttja; 11 — plant remains; 12 — shell detritus. The colors are close to natural.

Terrace Ti. At the base of core K-7B
(Fig. 1.5b), located on terrace T1, massive silty
sands, probably of lacustrine-alluvial origin,
were recovered. The top of the sands lies
at 98.4 m a.s.l. 667 diatom valves were counted
in a sample taken from a 9.0 m depth. 78% of
the diatom flora consists of planktonic species.
Stephanodiscus  neoastraea  predominates
(51%), Pantocsekiella ocellata, Aulacoseira
ambigua are present with some Stephanodiscus
alpinus (4.8%). Among the periphytonic

species, there are Tabellaria fenestrata and
T. floculosa. Such a set of diatoms suggests an
oligo-mesotrophic relatively deep reservoir with
water temperatures below modern ones.

The sands are overlain by massive gray
loams 5.5 m thick with three AMS radiocarbon
dates obtained for total organic carbon. There
are no date inversions. The bottom of loams is
about 25.7 ka, and its roof is 15.0—17.0 ka. Thus,
the loam layer formed during the late
Pleniglacial, including the last glacial
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maximum. In the sample from a depth of 7.0 m,
1243 diatom valves were found. The diatom
flora is dominated by planktonic species (about
95%). Aulacoseira granulata and
Stephanodiscus alpinus predominate
(36 and 31% respectively), S. neoastraea,
Cyclotella radiosa, and Pantocsekiella ocellata
are present. Of the periphyton species Cavinula
scutelloides was found. Such a diatom complex
corresponds to a cold oligotrophic reservoir.

Gray loams are overlain by 0.25 m thick
gyttja with an organic matter content
of 5 to 40%. Its age, according to the date from
a depth of 1.8 m (13100-13180 cal yrs BP),
corresponds to the Bglling—Allerad interstadial.
A sample from a depth of 1.6 m contained
354 diatom valves. Attention is drawn to the
dominance of periphyton diatom species and
the complete absence of planktonic ones. Thus,
we can conclude that the reservoir was very
shallow. The entire complex of diatoms is
characteristic of an oligotrophic acidic reservoir.
The presence of Hantzschia amphioxis, an
aerophilic species, indicates that the reservoir
was drying up, probably representing a local
isolated reservoir on the terrace. Species
Eunotia biconstricta, Stauroneis gracilis,
Rexlowea parasemen, Eunotia praerupta var.
bidens testify to more severe climatic conditions
than modern ones.

Above the gyttja, sedge-reed peat with a thin
layer of carbonate silt indicates a lowland bog
existed throughout the Holocene, periodically
transforming into a shallow local lake
(Samus & Konstantinov, 2022).

The presence of marine species Paralia sp. in
the samples from depths of 7.0 and 9.0 m
speaks in favor of partial redeposition of the
material. The facies interpretation of layer 2
(massive loams) is very complex. It is not
completely clear whether that was a reservoir
occupying the entire Rostov Basin or a small
isolated lake on the lake terrace. Recent revision
of lacustrine paleobasins in the Upper Volga
basin speaks against the existence of a single
lacustrine reservoir (Borisova et al., 2022). The
studies showed that at the end of the Late
Pleistocene a large lake reservoir in the

Yaroslavl and Kostroma lowlands, connected to
the Rostov Basin by the Kotorosl River, did not
exist at levels of about 105—-110 m.

Fluvial landforms on the Rostov Basin
floor. On the floor of the Rostov Basin, one can
observe a wide variety of fluvial landforms
(Fig. 1.6): meandering riverbeds, oxbow lakes,
macromeanders, and deltas. Fluvial processes
are the leading exogenous processes in the
Rostov Basin; they determine the main features
of the relief of the basin floor. Without taking
into account the dynamics of fluvial processes,
it is impossible to understand the reasons for
the change in the level of Lake Nero.

The intensity of alluvial accumulation on the
Rostov Basin floor is directly related to the
volume of sediment carried by the river and the
parameter, ceteris paribus, is related to the area
of the drainage basin. The largest rivers flowing
into the Rostov Basin have the following basin
sizes: Ustye — 2530 km? Lakhost — 922 km?,
Sara — 791 km?* (State Water Register). The
difference in the river basin sizes explains the
height distribution of the Rostov Basin floor.
Thus, its most elevated part is located in the
NW part that is an area of intense alluvial
accumulation of the Ustye River, being, in fact,
its internal delta. Complicated by a network of
abandoned channels it shows the river positions
in the recent past. The town of Rostov is located
within that delta.

At the south of the Rostov Basin, the major
sediment supply is by the Sara River, which
accumulated a rather large beak-shaped delta
protruding for several kilometers into Lake
Nero (Fig. 1.6-1). However, the accumulation
intensity is significantly lower than at the Ustye
River delta constraining the topographic
depression existence in the southern part of the
basin where Lake Nero is located.

The upper Kotorosl Valley is of interest.
Down the confluence of the Ustye and Veksa to
the mouth of the Lakhost River (Fig. 1.6-2)
extreme meandering constrained by low
longitudinal slopes and the wide valley floor left
a large number of abandoned channels
occupied by oxbow lakes. In spring satellite
images, the floodplain is located below the

Stop 1. Rostov Basin and Lake Nero: Geology, Geomorphology, and Paleogeography 28



Valdai Periglacial Field Symposium Guidebook, 27—-30 August 2023

riverbanks; so-called embanked channels are a
sign of active riverbed accumulation and growth
of its elevation. The riverbed elevation of the
Ustye-Kotorosl River system plays a great part
in controlling the Lake Nero level constraining
its runoff threshold. During floods, the water
level in the Ustye-Kotorosl system often reaches
the level of Lake Nero, occasionally exceeding it.
Such a level rise causes backwater or even
countercurrent in the Veksa River, which is
accompanied by intensive accumulation in its
riverbed and the throat of Lake Nero.

Lakhost River, which flows into the Kotorosl
from the SE, has formed an internal delta. The
delta prevents the Kotorosl runoff that is seen in
the channel morphology change (Fig. 1.6-3).
Westward of the Lakhost River delta, an area of
intense meandering of the Kotorosl channel is
described above. Eastwards, down the delta
section, the Kotorosl channel straightens and
deepens sharply. Thus, alluvial accumulation in
the inner delta of the Lakhost River is one of the
leading drivers of the existence of a large lake in
the Rostov Basin at present.
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Figure 1.6. Fluvial landforms of the Rostov Lowland. Solid red lines are areas of alluvial accumulation
(internal deltas and areas of intense meandering). Dashed red lines — macromeanders (large paleochannels).

Ishnya River valley - a large
paleochannel of the end of the
Pleistocene — beginning of the Holocene.
The modern valley of Ishnya River is a swampy

macromeander (Fig. 1.7a,b) — i.e. paleochannel
left by the river, which greatly exceeded the
Ishnya River in terms of runoff. Interpretation
of satellite images shows that in the past the
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paleochannel belonged to the Ustye River
system. Likely, the Ustye River, at some stage of
its existence, flowed directly into Lake Nero.
According to the channel morphometry
(Ukraintsev et al., 2020), that paleoriver was
1.5 times larger than the modern Ustye River,
according to peak water discharges.

Near the Varnitsky Convent, a coring
transect was accomplished by crossing the
Ishnia River valley twice (Fig. 1.7b,c). Core

exposed an intercalation of peat, gyttja, sandy
loam, and sand with wood fragments at the
depth of 1.1 to 6.3 m, which was interpreted as
old alluvium facies. Below, in the 6.3 to 8.1 m
interval, fine and very fine well-sorted layered
sand with interlayers of sandy loam and single
wood fragments was interpreted as riverbed
alluvium. Two AMS dates were obtained from a
depth of 5.95 m for total organic carbon —
10140490 cal yrs BP and from a depth of 7.3 m

ISHNYA-1227 in the paleochannel floor, for a wooden fragment — 9500+20 cal yrs BP.
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Figure 1.7. Ishnya River valley — large paleochannel: a) location of the key section; b) satellite image with large
paleochannel (white dash line); c¢) geological profile. See symbols for cores in Fig. 1.10.

A similar structure of the paleochannel is
observed in core ISHNYA-3. Under a layer of
lowland peat (0.0-3.8 m), there is an
interbedding of sandy gyttja and fine sand with
woody fragments (branches). It is interpreted as

a transition from channel to oxbow alluvium. In
the interval of 6.1-7.4 m, medium and coarse
sands occur with the inclusion of clay pellets
0.5—1 cm in diameter. Two AMS dates were
received for core ISHNYA-3. The upper date for
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wood from the oxbow facies (8870+80 cal BP)
does not contradict the dating results of core
ISHNYA-1227. The lower date for TOC from
the channel facies (26520 + 190 cal BP) differs
significantly, which can be explained by an
admixture of clay pellets — redeposited erosion
products of Pleistocene lacustrine loams.

The structure of the river terrace located
1.5 m above the water level in the paleochannel
(98 m a.s.l.) was exposed in core ISHNYA-22-1.
From the surface down to 4.0 m, yellow-red
layered fine and medium sand is interpreted as
an alluvial channel facies. Below, a medium-
layered gray loam with interlayers of sand and a
sharp contact is interpreted as Valdai lacustrine
deposits. Similar loams are widely distributed
along the Rostov Basin floor at terrace T1 and
occur under the Holocene gyttja in Lake Nero.

Dating results of deposits make it possible to
estimate the age of the onset of siltation and
death of the paleochannel at about 9—10 cal ka.
The process was not abrupt — cessation of
full-fledged river flow occurred gradually. Thus,
the functioning stage of the paleochannel
probably fell in the Late Glacial and Preboreal
times. Channel alluvium recorded at 88.0 m
a.s.l. (and probably even deeper as the base was
not reached) suggests the level of the receiving
basin even lower than the present of Lake Nero.

Structure of bottom sediments and
Holocene history of Lake Nero. To refine
the bathymetric map, depths in the NE part of
Lake Nero were measured from ice in February
2020 (Fig. 1.8). The contemporary water level
was 94.2 m (according to geoid EGM08). Using
the Livingstone piston corer, nine cores were
drilled from ice along the Rostov-Ugodichi line
(Fig. 1.8b). Corresponding ground-penetrating
radar (GPR) survey was carried out using the
Zond 12e radar with 300 MHz antenna and
Pythong radar with 100 MHz antenna (Fig. 1.9).
Loss on ignition at 550 and 950 °C, magnetic
susceptibility, and grain size distribution were

determined for samples in cores NER-3 and
NER-5 (Fig. 1.10). Based on radiocarbon dates
for cores NER-5 and W-2006 (after Wohlfarth
et al.,, 2006) sedimentation age-depth models
were constructed in the Bacon v.2.4.0. package
in R-studio using the Bayesian method.

There are several features in the structure of
lacustrine sediments (Konstaninov et al., 2023).
The cores are shown against the GPR data in
Fig. 1.9 while the composition and correlation of
the key cores are provided in Fig. 1.10.

1. The structure and thickness differ
significantly near the shore, in areas of medium
depths, and at the axial part of depression.

2. In the axial trough (NER-5), Pleistocene
sediments are represented by gas-saturated
loams and sandy loams. The thickness of
Holocene deposits is almost twice as high as the
average one in the lake. Calcareous mud of the
first half of the Holocene (11.7-6.0 ka) lacks
hiatuses. The upper organic gyttja layer of the
second half of the Holocene is almost eroded.

3. In areas of medium depths (NER-2,
NER-3, W-2006), the structure of deposits is
replicated. Pleistocene dense gray loams are
overlain by a thin layer of sandy loam or sand
with shell detritus aged 15.0-14.5 cal yrs BP.
Holocene calcareous mud and silty gyttja occur
above with a series of hiatuses.

4. On the GPR profile, the lake bottom
boundary, bottom of organic gyttja, and coastal
sands are recognizable with the deeper
boundaries poorly distinguished (Fig. 1.9). First
probable reason for that is a partial fading of
the signal passing through thick (up to 0.5 m)
layered ice. Secondly, there is a smooth, gradual
transition of the layers - from weakly
consolidated organic sediment to denser
terrigenous-calcareous mud, which dissipates a
significant part of the wave energy. Thirdly, the
water of Lake Nero is relatively highly
mineralized (240-600 mg/1), which increases
the electrical conductivity.
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Figure 1.9. Rostov-Ugodichi GPR profile 100 MHz and the bottom sedimentary structure (Konstaninov et al.,
2023). 1 — ice; 2 — water; 3 — wet organic gyttja; 4 — wet mineral loams; 5 — cores; 6 — distortions
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To build a level fluctuation scheme,
integration of age models was performed for
three cores of bottom sediments W-2006,
NER-3 (correlation), and NER-5. That
integration made it possible to construct a
bottom height growth curve and fix the stages of
a possible lake-level drop (hiatuses). Those
data, together with the facies analysis of the
deposits, formed the basis for constructing a
curve for level changes in the Late Glacial and
Holocene (Konstaninov et al., 2022). Data from
previous studies, in particular paleobotanical
and archeological materials, were taken into
account (Fig. 1.11a,b,c). The upper limit of the
mean annual level beyond the stages mentioned
was estimated based on the results of the
Rozhdestvenskii Island survey, where no
Holocene lacustrine sediments were recorded in
the structure of the surface cover.

Large hiatuses and associated sandy deposits
indicate the regressive stage in the history of the
lake in the interval of 20.8-10.0 cal ka BP. The
main part of the regression (20.8-14.4 cal ka
BP) was accompanied by a dramatic increase in
sand input into the lake, which may indicate an
increase in the river water discharge. Our
estimates show that during the regression the
lake level dropped below 87 m a.s.l. That is
almost 7 m below the mean annual level
(93.75 m). During the regression, the lake
reduced by several times with the water body
preserved only in the deepest axial part of the
basin.

The deep Late Pleniglacial — Early Holocene
regression was followed by a rather rapid
growth of the lake level at the end of the Boreal
period. At the beginning and middle of the
Atlantic period (9.0-6.5 cal ka BP), the lake
level could have reached 91—94 m a.s.l., which
corresponds to the modern one. The established
transgression is generally consistent with the
diatom analysis results (Gunova & Leflat, 1997)
that showed the high content of planktonic
species in the first half of the Atlantic period,
indicating relatively deep-water conditions.

Starting from 6.5 cal ka BP, the lake level
decreases rather rapidly, eutrophication grows,
and the organic matter content increases

significantly. At the lowest point of the
regressive phase, the level did not exceed 90.6
m. At about 5.2 cal ka BP, it started slowly
recovering but did not reach the modern levels.
The Late Atlantic — Early Subboreal regressive
stage is confirmed by cultural layer finds and
soils below the modern lake level in the low
terrace sections (Alexandrovskiy, 2011). In the
middle of the already low level at the beginning
of the Sub-Atlantic, short-term shoaling to
about 91.7 m was recorded. From 2.4 cal ka BP,
the lake level was slowly rising, reaching the
present levels about 300—500 years ago.

Considering the flow-through type of Nero
Lake during the entire Holocene and the
absence of a significant underground flow, the
mandatory condition for a significant drop in
the water level should be the decrease in the
height of the flow threshold, i.e., erosion in the
channel of an outflowing river (the Veksa
River). However, the Veksa River channel
deepening under the conditions of extremely
low gradients of the Ustye and Kotorosl rivers is
not possible without the downcutting of the
latter. At present, the Ustye-Kotorosl channel
(Chizhikov, 1956) at the site of the Veksa River,
judging on the erosion and accumulation
regime, is in the Ustye-Kotorosl River system. A
comparison of the level fluctuation curve of
Nero Lake (Fig. 1.11d) with the fluvial intensity
diagram (Fig. 1.11e) reveals a significant
relationship. Likely, the large regression of the
lake in the Late Glacial and Early Holocene was
caused by the extremely high discharges and
deep downcutting of river channels (Panin &
Matlakhova, 2015; Ukraintsev et al., 2020). The
consequence of that was a significant drop in
the height of the runoff threshold and the actual
transformation of Nero Lake into a small
lake-like extension at the confluence of the Sara
and Ishnya rivers. The transgression of Nero
Lake in the Atlantic period coincides with the
minimum level of fluvial activity in the
Holocene, which created the preconditions for
intensive accumulation in the Ustye-Kotorosl
valley. Subsequent small regressions generally
coincide in time with the growth of fluvial
activity.
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Figure 1.11. Fluctuations of Lake Nero in the Holocene (Konstaninov et al., 2022, 2023), comparison of the
results of different authors: a) scheme from Wohlfarth et al., 2006; b) scheme from Alexandrovskiy, 2011;
¢) scheme from Gunova & Leflat, 1997; d) author’s reconstruction; e) change in fluvial activity in the center of
the East European Plain (Panin & Matlakhova, 2015). 1 — shallow eutrophic lake; 2 — shallow anoxic lake with
high acidity; 3 — hiatus in sediments (drop in level); 4 — shallow lake; 5 — possible shallowing of the lake /
shoreline; 6 — level fluctuations and gradual shallowing; 7 — shallow eutrophic / mesotrophic lake; 8 — shallow
oligotrophic lake; 9 — mean annual level according to the data for the middle of the XX century
(Bikbulatov et al., 2003); 10 — minimum probable mean annual level; 11 — maximum probable mean annual
level; 12 — author’s estimate of the change in the mean annual level; 13 — probable area of fluctuation mean
annual level; 14 — recorded amplitude of level fluctuations for 1930-1980s (Bikbulatov et al., 2003);
15 — epoch of an extreme river runoff; 16 — high fluvial activity; 17 — low fluvial activity.
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CONCLUSIONS

— The deep regression of the level of Nero
Lake in the Late Pleniglacial and Early
Holocene was established. Stratigraphic
unconformities in the sediments point to the
stage of the low-level position (below 87 m
a.s.l.) between 20.8 and 10.0 cal ka BP The lake
decreased in size several times; the water body
was preserved only in the axial deepest part of
the basin.

— The large transgressive phase was
recorded at the beginning and in the middle of
the Atlantic period from 9.0 to 6.5 cal ka BP
The lake level reached 91—94 m a.s.l., which is
close to the current values. The mean annual
level did not rise above the 94.2 m a.s.l. in the
Holocene.

— In the interval of 6.5—2.4 cal ka BP, the
regressive position of the mean annual level
was reconstructed; it is lower than the modern
one by about 1-3 m. (4) From 2.4 ka BP, the
level of Nero Lake grew slowly, reaching
modern levels about 300—500 years ago.

— The transformation of channel systems
was the main factor of Nero Lake level
fluctuation in the Holocene causing changes in
the height of the runoff threshold of the lake.
That transformation was caused by both the
climatic changes in fluvial activity and the
internal self-development of river channels.
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STOP 2. GLACIAL INHERITANCE VS POSTGLACIAL METAMORPHOSES
OF BORISOGLEBSK UPLAND INTERFLUVES
August 27, 2023, morning

2A. GLACIAL DEPOSITS AND ASSOCIATED TOPOGRAPHY

Career Hill and Wedding Glade
quarries. The glacial topography of the
NE Borisoglebsk Upland is represented by
low-amplitude hilly plains alternating with
pronounced flat-topped hills and shallow
flat-bottomed kettle holes ranging 0.5 to 4 km
in diameter (Fig. 2.1). The Solovey Kettle
(600 m x 800 m) is canvased from the north
and west by large hills elevated 25—-50 m above
its bottom while smaller knobs 5—7 m high are
spread along its southern and eastern margins
(Fig. 2.1). To the north, Career Hill rises
8-20 m above the adjacent plain being
elongated WSW — ENE. The thickness exposed
in quarry walls and coring sites was about 25 m.
Wedding Glade cut by another quarry was a
part of the larger Poklony Hill represented by a
gentle ledge on its E slope. There ~15 m of
sediments were exposed, however, on much
greater spatial coverage. Thus, the thoroughly
studied sedimentary sequence of the Career Hill
(Fig. 2.2, Table 2.1) coupled with a more
generalized spatial investigation of the Wedding
Glade (Fig. 2.4) allowed to unveil the complex
polygenetic inner structure and geomorphic
transformations of such large hills.

They are majorly constituted by thick
glaciolacustrine finely laminated light-yellowish
sands (Fig. 2.4b,c) and reddish-brown
("chocolate") loams (Figs. 2.2b,c & 2.3g) (unit
D) accumulated in a rather deep-water intra- or
subglacial environments. However, that
thickness is significantly overthrown and folded
probably by a powerful glacier advance. On the
flanks of that upturned stratum, reddish glacial
diamicts with large dislocated sandy blocks
(Fig. 2.2c¢) are found, also addressing the
glaciotectonic nature. Yet it is unclear if the
deposition  of those facies occurred
synchronously with the glacially induced
deformations or reflected a later superimposed
episode of glacial accumulation as was proposed
by A.I. Lobanov (Lobanov, 2001).

Regardless, that highly laterally variating
stratum is  uniformly truncated and
disconformly overlayed by another
glaciolacustrine unit yet of much thicker and
contrasting bedding (Figs. 2.2b, 2.3a, & 2.4a).
Well-sorted loam, sand, and gravel beds each
tens of cm thick (Fig. 2.3a,b) reflect deposition
in an intraglacial environment of higher energy
and sedimentation rates (unit C). Intra-bed
plastic deformations of gravitational type
(small-scale folding, water-escape structures,
load casts, etc. Fig. 2.3e—h) are probably of syn-
and meta-sedimentary origin due to high
sedimentation rates of material with a reverse
density gradient. Yet a certain influence of
low-magnitude earthquakes associated with the
general deglaciation could not be excluded. At
the top, they are partially eroded by a certain
glacifluvial flow (Fig. 2.3b) accompanied by
subaqueous slumps and debris flows (Unit B,
Fig. 2.3a). The entire stratum is significantly
faulted with amplitudes up to 1—2 m increasing
southwards (Fig. 2.3b), the fault planes being
emphasized by clastic dykes of the overlying
material (Fig. 2.3f). The origin of faulting
relates to the uneven melting of the underlying
glacial ice (ice lake bottom). Those events were
followed by the final episode of thin but almost
uniform deposition of flow till with debrites
(Figs. 2.2a,b & 2.3d) lacking faults but
deformed by narrow inclined cryogenic wedge
casts (Fig. 2.3c) probably of thermal
contraction nature.

Figure 2.1. DEM of the Solovey Kettle and
surrounding glacial hills derived from the digitized
contours of the land-planning map of 1:10000 scale
with key geological exposures, cores, and profiles.
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Figure 2.2. Geological structure of the Career Hill quarry: a) "Mantle loams" with blocky structure on top of
the flow till above glacial diamicts; b) glacially dislocated laminated glaciolacustrine loams (unit D) below
heterogeneous intraglacial lake deposits (unit C) with subaqueous slope disturbances (unit B). Note the sharp
disconform contact of the units; c) Vertically laminated glacially dislocated glaciolacustrine loams (on the left)
and reddish glacial till with large detached blocks of poorly consolidated lighter sands and gravels (on the right).
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Figure 2.3. Structures of glaciolacustrine stratum exposed in the eastern wall of the Career Hill quarry:
a) general structure of the glacial base (units D—B) and overlying mantle loams (unit A) with main geological
boundaries and lithological interpretations by N.V. Karpukhina; b) detailed interpretation scheme of the same
exposure reflecting the stratigraphical sequence (colored lines, the line’s width matches its hierarchical
significance) pronouncedly deformed both by intra-bed plastic deformations and larger faulting (emphasized by
black dashed lines) propagating through different units and subunits; ¢) narrow wedge cast penetrating from the
top of glacial sediments; d) flow and load-casting structures in low till (unit B3); e) flame structures and
f) small-scale graben-like faults with clastic dykes in well-sorted sandy beds of unit C4; g) diapir of sandy
material into the overlying gravel-rich bed. Note the preserved inner lamination of the former; h) small-scale
faulting in contrastingly-layered sands and loams of unit C3; i) microfaulting of the contrastingly laminated
sandy loams (unit C4); j) vertical sandy fine lamination disrupted by microfaulting in the dense basal loams
(unit D).

Figure 2.4. General geological structure of the Wedding Glade quarry (a) with basal light yellowish sands
overlaid by contrastingly stratified glaciolacustrine loams and sands with angular disconformity; b-c) show the
details of the inner structure of majorly deformed basal sands.
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Thus, the sequence above the prominent
erosive  contact with the underlying
glaciotectonically deformed unit D resembles
the final stages of regional glacial cover and
particularly  its  degradation that was
constrained by widespread dead-ice distribution
(Shishkina et al., 2019). Separate rather small
supraglacial lake basins were characteristic for
that stage, which is indicated by the pronounced
episedimentary faulting (evidence of the ice
floor) and general highly variegated textures
and structures. If unit C reflects highly dynamic
yet relatively steady supraglacial lake
development then unit B suggests a short-term
and drastic adjustment to the sequential
melt-out, first, of the ice floor and, then, ice
banks of the lake that, thus, ceased to exist.
Hence reddish clast-rich loamy diamicts
traditionally considered an archetype of the
MISE6 tills, account, in fact, for only a minor part
of the entire facial variability of the Late
Moscow glacial environments. Being quite
sparsely distributed in the study area, that
facies almost does not participate in its modern
landscape structure usually manifesting only in
subdued positions as gully incisions or at the
core bottoms. That yields a place for the
glacially dislocated older glaciolacustrine
deposits, or "local till" (A.I. Moskvitin, 1967) to
be the major lithological and geomorphological

phenomena of the area and to greatly influence
the postglacial landscape evolution.

After the final disappearance of ice banks,
the glacial lake ceased to exist producing a
prominent flat-topped hill with quite steep
slopes. Postglacial evolution generally preserved
the hilltop morphology covering it with a rather
uniform loamy mantle. At the lower part
(subunit A1), it shows higher variability and was
probably accumulated in small residual
waterbodies on the undulating top of
glaciolacustrine unit B. Drainage regime and
sedimentary environments of such shallow
pools differed significantly, probably, due to
varying paleogeomorphic positions against the
steep hillslopes.

Hence major topographic highs of the key
site owe to the pronounced glaciolacustrine
deposition on top of large-scale glacially
dislocated blocks. However, their gentle
convex-concave hillslopes have experienced
significant ~ transformation = during  the
postglacial evolution. The stepped elongated
E slope of Poklony Hill supported by the larger
watershed was prone to gully erosion while the
steeper slopes of Career Hill are still devoid of
incisions. Their sedimentary cover includes
several colluvial units, which are going to be
regarded in connection with the geological
structure of the Solovey Kettle infill.

2B. POSTGLACIAL LACUSTRINE SEDIMENTATION

Solovey Kettle key site. In contrast to
prominent glacial highs at the north and west,
the eastern and southern sides of the Solovey
Kettle are obscure in the modern landscape
(Fig. 2.1). Round-topped gently sloping glacial
hills (600—800 m in diameter) rise only 6—7 m
above its bottom. In-between the hills linear
depressions do not currently drain the basin,
except for an artificially deepened drainage
channel in its NE corner. The flat slightly
concave bottom of the kettle (1 x 0.7 km) has
semi-separated S and NE hollows, while at the
NW it is slightly elevated and has a specific
hummocky pattern of 1-1.5 m height
amplitudes. 13 cores (SK), ranging in thickness

from 4 to 21.5 m, were recovered from the
bottom and sides of the Solovey Kettle. The
coring depth closely corresponds to the
thickness of postglacial sedimentary fill, in
different parts of the basin varying from 20 m
in the deepest parts (Fig. 2.5) to the first
meters at the sides. Coupled with electric
resistivity tomography data (Fig. 2.6), it
revealed a buried paleodepression generally
following the outlines of the modern one to be
much deeper and its sides much steeper than
in the actual landscape. Beneath the smooth
concave modern toe slopes of the surrounding
hills, the paleodepression reveals steeply
dipping southern and western sides, with an
approximate slope of 17—-20°.
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No incision or associated infill is found in the
B—B1 cross-section whereas the more resistive
glacial base comes up to the surface at the
lowest point of the modern dry hollow. That
contradicts the hypothesis of the Solovey Kettle
being drained by that pathway to the West
Cheremoshnik Gully and rather argues for its
prolonged existence as a semi-closed basin
isolated from the general drainage network of
the NE macroslope of the Borisoglebsk Upland.

ERT showed that the geomorphic structure
of paleodepression was much more complex —
with several (semi-)separate kettle holes inside
its outlines. Paleoridges with even steeper
slopes dividing those buried kettle holes are
emphasized by the highest electric resistivity
values (Fig. 2.6c). They are probably composed
of glacifluvial or glaciolacustrine pebbly sands
and gravels analog to those exposed in the
Career Hill quarry. That is corroborated by the
rock clasts outcropping on the eastern flank of
the Solovey Kettle where a low westerly spur of
a knob (GH1) dives gently into its floor.

According to the ERT data, the greatest
sedimentary thickness is associated with the
central part of the Solovey Kettle (SK2) and the
present-day toe slope of the Career Hill (SK7).
As only the latter core has reached the glacial
floor of the depression, it was selected for
reconstructing the general stratigraphic
sequence of paleobasin. Combined with the
interpretation of other cores, it helped
establishing the facies diversity of rather
deep-water to lake shore sedimentary
conditions of basin infill, reconstructing general
environmental characteristics of the catchment,
as well as assessing the contribution of slope
processes and linear erosion to the sediment
supply and tracing its sources along the sides.

The paleodepression within the Moscow
(MIS6) glacial sedimentary complex (U194,
see the description above) is filled with a thick
(up to 20.5 m) stratified loamy stratum with
sandy, peaty, and gyttja interlayers
distinguished into 18 lithological units
(Table 2.2, Figs. 2.7 & 2.8). Its bottom is lined
up with rhythmically laminated silts with
contrasting thicker sand interlayers (U18)).

Microfaults (Fig. 2.7) indicate uneven settling,
likely due to the melting of buried glacier ice
under the warming effect of a relatively
deep-water basin as evidenced by the
(sub)millimeter lamination. An accommodated
lens of sandy diamict (U18,) (Fig. 2.7) is quite
similar to the underlying sandy tills (U19,)
while its fragmentary placement and sharp
contacts allow to interpret it as a result of rapid
slumping along the steep unstable sides of
paleodepression. Above a multi-order (sub)mm
to cm lamination with microfaulting and
multiple angular disconformities persists in
U17. However, a significant content of fine
organic matter and plant remains (Fig. 2.7),
incl. wood fragments, against the decrease in
the sand fraction, suggests improving climatic
conditions and reducing energy of the
depositional environment while indirectly
pointing to the stabilization of the adjacent
watersheds. The organic content increases even
further wupwards in laminated carbonate
sapropels (U16)) (Fig. 2.7) likely formed under
warm interglacial conditions in a low-energy
eutrophic shallow-water basin. It was followed
by a stage of superaqueous accumulation of
relatively thick (>1 m) dense peats (U15;) of an
upwards decreasing degree of decay (Fig. 2.7).

On top of Moscow till, a rather compressed
but alike sedimentary sequence was repeatedly
described (i.a. Markov et al, 1969;
Sudakova et al., 1984) outcropping on the sides
of Puzhbol and Eastern Cheremoshnik gullies a
couple of kilometers to the east. The onset of
organogenic accumulation marked by thin
lenses of well-decayed peats was 23°U-Th dated
to 122—144 ka (Rusakov et al., 2019), which was
followed by varved clay sedimentation shortly
substituted by gyttjas alternating with peats of
114—115 ka »3°U-Th age at the top. Thus, those
deposition ages encompassing the entire MISse
are consistent with the Mikulino palynological
interpretation (Gorlova, 1968; Markov et al.,
1969; Sudakova et al.,, 1984; Lavrushin &
Chistyakova, 2001; Novenko et al., 2005;
Rusakov et al., 2015, 2017; Sheremetskaya et
al., 2022), allowing them to be correlated with
the investigated units U18—U1s.
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Noteworthy that within the Solovey
paleodepression, the peat top is exposed at
significantly alternating depths (Fig. 2.5). From
SK2 to SK7 over a distance of 380 m, it drops by
more than 6 m raising a question of whether
those cores reflect the joint basin or at the time
two or even more small independent basins
could exist in the central and northern parts of
the kettle separated by glacially-laid ridges. As
mentioned before, traces of such barriers are
found in the present-day terrain and supported
by the ERT data. Even greater elevation
gradients of the buried peat top were
encountered in the vicinity of the Cheremoshnik
A outcrop diving 1.7 m within a distance of the
first few meters from the Puzhbol Gully edge.
Thus, during the Mikulino interglacial,
high-amplitude glacial terrain enabled the
formation of separate small bogs in its lows also
possibly associated with the prolonged
preservation of relict buried ice and its deferred
thawing during the interglacial optimum
leading to superimposed subsidences.

The sharp upper contact of peats (Uis,)
(Fig. 2.7) suggests probable erosion and/or
hiatus in the deposition record. Such breaks
have been reported for the Puzhbol and
Cheremoshnik exposures (Novenko et al., 2005;
Rusakov et al., 2017, 2019; Sheremetskaya et
al., 2022). Contrasting lenses of redeposited
allochthonous organic matter at the base of the
overlying unit (U14;) were likely synchronous
with that erosion event yet shortly followed by
the recovery of lacustrine conditions. Above
textural multi-order ((sub)mm to cm and tens
of cm) layering and patchiness of mineral
sediment with varying fine organic component
(Figs. 2.7 & 2.9f), witness rhythmic cycles of
lacustrine sedimentation and superimposed
slope and/or alluvial input producing soft
sediment clasts included in the rhythmic layers.

Thus, a position relatively close to the lake
shore against periodic landscape destabilization
on adjacent watersheds could be argued. A clear
transition to a more organic-rich laminated
gyttja (U13,) with peat on top records the
significant increase in bioproductivity of the
lake related probably to the regional climate

warming. It could be correlated with analogue
climatic signal in SK2 core reflected in visible
gyttja and peaty lenses (Fig. 2.9¢e), which were
4C dated 37.5—-35 cal ka BP to the Middle
Valday (MIS3) interstadial ~ (Garankina et al.,
2019). Dispersed organic content remained high
(Fig. 2.8d) against the predominance of rather
calm and stable, favorably deeper lacustrine
conditions (Fig. 2.9d).

No significant input from alluvial sources is
observed (Fig. 2.8c) whereas nearby, at the
western edge of the kettle, thick alluvial sands
at relative absolute heights are found at the
mouth of the Solovey Gully (SK11) (Fig. 2.5b).
That is in agreement with the glacially-laid
ridge between the northern and central parts of
the kettle suggested by ERT data (Fig. 2.6c¢),
which could have diverted the solid runoff from
the gully to enter only its northern part. There
(in SK5, SK7, SK8) a lithologically contrast
sequence (U12-U8) reflects a fairly dynamic
sedimentary environment of variable energy.
Against the preservation of the lacustrine
conditions of an average depth the amount of
terrigenous (both alluvial and colluvial)
material shifted profoundly with its peaks
highlighted by fine sand units (U12, U10, U8) of
differentiated sorting (Fig. 2.7). Stratified fine
sands (U12(,,) with disrupted organic lenses
likely indicate increased transport capacity at
the catchment both through linear and slope
erosion causing some reworking to the
underlying organic-rich unit (U13). The
sedimentary variability and lack of rhythmicity
in thick sandy layers suggest a rather high-
energy sedimentary environment. It is favorable
to correlate those sands with the alluvial input
provided by the incision of the Solovey Gully
mentioned above. The introduction of loamy
layers to the sand unit (U12) substituted
upwards by texturally-laminated loams (U1,
Fig. 2.7) indicates the gradually reducing energy
of the sedimentary environment against its yet
pronounced alternations. A new phase of
intense erosion in the catchment and alluvial
input in the lake is highlighted by a sharp
boundary with meter-thick reddish silty sands
(U10,y, Fig. 2.7).
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Figure 2.9. Structural features of postglacial sedimentary infill of the Solovey Kettle (SK2 core): a) colluvium
(U5onys1) with irregular alternation of thinner wavy-subhorizontal and thicker inclined lenticular layers of
highly contrasting texture; b) cryoturbation with subvertical laminae in shallow lake sediments (U6qp.cryo);
¢) quasi-regular wavy cm-layering with finer lamination in shallow lake sediments (U7,;); Note carbonate sand
grains and ferrugineous infilling of rootlets; d) dm-stratification with superimposed cm- and mm-lamination in
lacustrine unit (U8)); e) dense peaty gyttja interlayer in U13;; f) cm-lamination with subangular clayey clasts and
finer-laminated interlayers; g) organic-rich peaty gyttja above basal peats (U15,,).

However, as that sandy lens is exposed at
close depths in the neighboring cores
(Fig. 2.5b), it likely appears to reflect an alluvial
fan or slope tailing not providing sufficient
evidence of significant scouring of the
underlying deposit. However, its source could
equiprobably be the neighboring southern slope
of Career Hill or the eastern slope of Poklony

Hill with its gullies. Above blueish and brown
clay loams (Ug)) of the contrasting lenticular
structure are intercalated with lenses of fine
organic matter. Upwards they are substituted by
sandy loams (U8;) with much thinner but same
reddish sandy lenses (U8,;) up to 20 cm thick
and peaty lenses up to 10 cm.
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From there upwards the organic matter
content drops significantly against the
pronounced increase in the "loess" (coarse silt)
fraction (Fig. 2.8c). Silt loams of lighter pale
gray color (U7, are enriched with contrasting
bright red-yellow concretions of dense brown
interior indicating iron segregation in anoxic
conditions along the roots of shallow-water
vegetation. Gradually the deposit starts to
forfeit its bluish hue (U6 ).cryo) characteristic of
the deeper lacustrine thickness while the
layering of cm-scale first becomes wavy
(Fig. 2.9c¢) and then significantly distorted by
plastic ~deformations to almost vertical
lamination (Fig. 2.9b) and dissected by
small-scale inclined cracks. All of the above
point to the shallow lake existence, which
experienced periodic shallowing or even
short-term drying with the predominance of
eolian sedimentary input under severe cold
climatic conditions. That allowed intermittent
freeze and thaw cycles to produce
cryoturbations and small desiccation cracks in
lake bottom sediments but prevented a more
pronounced cryogenic reworking.

Upwards a gradual change to
yellow-light-gray (SK7) and brownish-light-
yellow (SK2) loams (U5qqg1) mottled by
reddish-yellow impregnations is accompanied
by distinct signs of slope redeposition. Certain
waterlogging had persisted as reflected both by
traces of blueish hue and fragments of
characteristic cm-mm layering. Yet the irregular
oblique low-amplitude wavy-lenticular structure
of subhorizontal layers suggests the
predominant sedimentary input and deposition
to be of initially solifluction and later slopewash
nature (Fig. 2.9a) intermittent with inundation
either due to water level changes in a residual
shallow lake or within separate recurring
ephemeral pools.

The rest of the sequence is highly variable as
laterally as in each particular core. In SK2,
colluvium (U4,) has a higher total thickness
rising almost up to the surface yet only the
upper 40 cm could be confidently attributed to
subaerial deposition. Below it incorporates at
least two organic-rich lenses showing definite

signs of subaqueous deposition. The lower thin
gyttja lens was dated to the Atlantic phase of
Holocene (5877—-6118 cal yrs BP) while the
buried humus horizon of a hydromorphic soil
provided even an earlier date of
6172—6680 cal yrs BP. The underlying
colluvium shows multiple inclined pore planes
with thick clay cutans also pointing to some
landscape stabilization prior to the recurrence
of lacustrine environment followed by an
episode of sand, gravel, and pebble
accumulation of the alluvial fan (probably from
the Solovey Gully). Close “C ages were obtained
for the buried gyttja in the Puzhbol alluvial fan
and the base of pedosediments on the Puzbol
and West Cheremoshnik gully sides suggesting
a certain surface stabilization of the Holocene
optimum around 6-7 ka followed by an
extensive erosion and redeposition of soils
around 5-6 cal ka BP (Belyaev et al., 2020).

In SK7, a transition to the predominantly
subaerial deposition is associated with a rather
thin unit U4y presenting signs of slopewash
accumulation. Light-brown phase replaces the
light-gray one, and the amount of bright
reddish-yellow impregnations rises noticeably.
It is covered by another thin colluvium U2y of a
bipartite = organization marked by the
reddish-brown color and significant pedogenic
reworking reflected in a reticulate network of
plane pores with pale light-yellow siltans (ELhh
and BEL horizons). Those colluvial units could
be correlated with stage(s) of regional landscape
destabilization = associated with  climatic
fluctuations during the Late Glacial to Early
Holocene transition followed by the Holocene
surface stabilization and pedogenesis.

The final stage of sediment accumulation
within the Solovey Depression can be attributed
to the beginning of agricultural development of
the Upper Volga region. The onset of
cut-and-burn cultivation led to erosion
intensification on previously forested fields and
triggered the agrogenic colluvium (Ulg.,,)
accumulation on the adjacent footslopes and in
local depressions commencing 0.6—1.3 cal ka BP
(Belyaev et al., 2020). At the northern edge of
Solovey Kettle (F11), a buried birch charcoal
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lens has recorded the cut-and-burn episode at
925—976 cal yrs BP (see Fig. 3.2¢).

Thus, in the Solovey Kettle, lacustrine
sedimentation began at the end of MIS6
deglaciation (during the Late Moscow). Located
on the macro slope of the elevated Borisoglebsk
Upland the catchment of the depression
weathered certain erosion episodes. Major
fluvial incisions are reflected as several alluvial
sand layers in the paleolake sedimentary record.
Alternation of organic, organic-mineral, and
mineral deposition suggests a sequence of
sudden environmental shifts resulted in
changes in sediment sources and agents of
delivery: from predominantly colluvial input
interrupted by biogenic accumulation and
fluvial runoff to leading eolian input against the
increasing trend of slope redeposition
culminated in final transition to subaerial
colluvial deposition. However, environmental
rhythms are evident not solely on the level of
units and subunits but are distinguishable in
individual beds and laminasets. That
multi-order stratification of lake sediments
refers to their sensitivity to both regional
environmental cyclicity (from seasonal and
annual to decadal, centennial, and millennial)
and irregular episodic shifts on a catchment
scale. The pronounced landscape variability
within the catchment was majorly influenced by
large elevation differences (>50 m) of the initial
glacial topography. During the glacial-to-
interglacial transition (early MIS5e) high
surface gradients and height amplitudes against
the overall landscape instability, caused by the
permafrost degradation and melt-out of buried
glacial ice blocks, provoked extreme events as
subaqueous slumps on steep slopes of the
depression superimposed on its gradual infilling
by varve-like texturally contrast sediments.
Gradually decreasing deposition energy and
dynamics followed by the water level drop
resulted in peatland formation during the
Mikulino (MISse). Recurred in the Early Glacial
(MIS5a—d) or Early Pleniglacial (MIS4) the
lacustrine environment then recorded another
yet milder climatic amelioration during the
Middle Valdai interstadial (MIS3) emphasized

by the increased organic matter content of the
stratum. However, some local but pronounced
landscape differentiation has been correlated
with that period as several fluvial incision
episodes related to the development of
branching gully systems on the adjacent eastern
slope of the Poklony Hill have been recorded in
the  northern part of the Solovey
paleodepression. Although contrastingly calm
and low-energy environment had persisted in
its adjacent central part corroborating the
ERT-proposed hypothesis of a glacially-laid
paleoridge that had, to some extent, separated
the Solovey Depression into two or even several
small Kkettle holes. Prolonged sedimentation
eventually sufficiently infilled the lows of initial
highly heterogeneous topography enabling the
merger of those separated basins in a shallow
water body. The distinct shift in eolian input to
the lake marked the onset of the Last Glacial
Maximum with its severe conditions reflected in
cryogenic syngenetic reworking of the lake
bottom sediments. Increasing colluviation trend
during the Holocene gradually led to the
ultimate transition from subaqueous to
subaerial conditions in the kettle bottom. Some
short-term water-level fluctuations marked by
fragmentary thin gyttja lenses recurred during
the late Atlantic phase of the Holocene. More to
be said, a small residual pool, which is still
identified by the darker humus-rich patches,
persisted until 1984 when it was drained
through the underground pipe system and open
ditch towards the West Cheremoshnik Gully
head. At the same time, about a millennia-old
onset of cut & burn agriculture has been
identified on the northern slope of the
depression associated with the accumulation of
agrogenic colluvium on the footslopes.
Wedding Kettle key site. Lacustrine
lenses have recently been found not only in
large semi-closed depressions of undulating
interfluves and on the gully sides in their middle
reaches but even at the modern edges of convex
hillslopes seemingly unfavorable to serve as
local sinks. However, the revealed highly
irregular surface of glacial deposits provided
suitable constraints for the widespread
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existence of small lakes. It even appears that
cascades of lakes had existed in isolated or
semi-drained kettles at up to 190 m a.s.l. during
the Late Pleistocene. In the quarry wall, an
exemplary exposure of such characteristic infill
of a rather small elevated (185 m a.s.l.) kettle
hole (Fig. 2.10a) is presented showing patterns
strikingly resembling the ones in cores of the
larger Solovey Depression.

The bottom of the initial depression 4—6 m
deep is of glacial stratum consisting of vertically
or inclined laminated sands. It is paved by a
thin reddish flow till [I""] with gradually
increasing upwards signs of deposition in a
water basin [I']. The lower lacustrine subunit of
bluish-gray and grayish-blue loams is found as a
fairly small lens in the deepest part of the
depression. It has zip-like lateral contacts with
[I°] (alteration of redeposited flow till and
lacustrine material). A large lens of brown
sandy gravel loams with redoximorphic features
and boulders is disconformly embedded in
those loams. We argue that such formations (as
in the Solovey Kettle and here) are a result of
subaqueous slides of flow tills on steep slopes of
paleodepressions. Such formations have earlier
been mistaken for the younger (Valdai) glacial
tills forcing the authors to protract the limits of
Kalinin (MIS4) ice cover at least several
hundred kilometers southward of the confirmed
sites of the Early Pleniglacial ice advance.

If that or another analog slump had caused
the damming of the lake it may be regarded as a
trigger for the following water level rise. Above a
series of laminated bluish-gray and gray
sediments constitute a prominent stratum of up
to 4 m thick and laterally much more
widespread than the previously mentioned basal
lake lens. They correlate quite well with the
stratigraphical sequence of shallow lacustrine
infills of the Maksimovitsy Depression
(see Stop 3, Figs. 3.8i,h & 3.10c). Designated
there as unit [II], covering the basal glacial
complex [I] with a pronouncedly reworked
water-laid subunit on top [I'], it could be
distinguished into at least three subunits with
occasional erosional contacts (Fig. 2.10c) and
visible hiatuses emphasized by frequent (with

1.5-2 m spacing) ferruginized frost cracks
(Fig. 2.10e). Occasionally the lower and middle

subunits  comprise  darker  organic-rich
inclusions, which had experienced some
cryogenic reworking of yet undefined
cryoturbation or involution type

(Murton & French, 