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Abstract

Two underlying problems of the Late Quaternary history of the Scandinavian Ice Sheet
(SIS) are reviewed in the paper: the position of the southeastern SIS boundary at the
Late Glacial Maximum (LGM), which is still widely “migrating” depending on authors’
concepts, and the formation of associated proglacial lakes (i.e. their dimensions,
drainage and chronology) in the valleys of Severnaya Dvina River basin. The position of
maximum ice limit in the northwest of the Russian Plain remains debatable and is the
least reliable compared to the other SIS sectors. Most of the recent reconstructions
concerning ice-dammed lakes (water overflows, restructuring of river valleys etc.)
exploited the geological survey results of mid-20" century: since then no geological
studies have been conducted of the proposed spillways, their filling sediments and age
using the modern sedimentological and geochronological techniques. As a result, the
majority of the above-mentioned reconstructions have to be considered hypothetical.
Here we present new results on two valley sites that allow to suggest that: 1) the SIS
did not advance through the lower and middle Vychegda valley at LGM as suggested in
some recent publications; 2) the LGM glacier-dammed lake had a very limited extension
in the Severnaya Dvina valley and did not exceed to the Vychegda River mouth.
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1. Introduction

The history of the southeastern sector of the
Scandinavian Ice Sheet (SIS) during the Last Glacial
Maximum (LGM) and its subsequent retreat has
two open questions which are still unsolved despite
the decades of years of investigations and many
efforts of different research groups, especially in the
Severnaya Dvina (SD) basin.

The basic question is the position of the SIS
boundary at LGM, which continues to “migrate”
widely in this area, unlike that in the north of the
Russian Plain (Mezen’ and Pechora basins) where
the LGM ice limits were accepted by most workers
after the results of the QUEEN project (Svendsen et
al., 2004). The second question is closely linked to
the first one: the last SIS advance was accompanied
by damming of rivers and the formation of
proglacial lakes in the valleys of Severnaya Dvina
and Vaga and their tributaries. Meanwhile, many
questions concerning lake history, dimensions,
drainage and chronology are far from being resolved.
Therefore in 2017 we started new projects aimed
to reconstruct the Weichselian history of the SD
basin, clarify the position of SIS limits within it and
on adjacent territories, and find traces of proglacial
lakes and their overflows.

In this paper we present our recent results
obtained between 2017 and early 2018 in the
valley of Vychegda — the largest right tributary of
SD, on a background of analysis of evolution and
contemporary state of views on the southeastern
LGM ice sheet limits, adjacent proglacial lakes and
their water overflow.

2. Regional setting

The southeastern flank of the last Scandinavian
glaciation was expanding on the territory of the
modern Arkhangelsk region and, possibly, the Komi
Republic of Russia, overlapping the White Sea and
part of the catchment area of the Severnaya Dvina
river. The SD basin is located within a vast flat plain
inclined to the north, and only its northeastern

edge is captured by the Timan Ridge. The SD basin
stretches from the southeast to the northwest, and
includes the Severnaya Dvina river and its large
tributaries — Vychegda (the largest right tributary),
Sukhona and Vaga (the largest left tributaries)
(Fig. 1). Quaternary deposits here have a thickness
of 20 m or more and are underlain by bedrocks
of the late Paleozoic and Mesozoic age which are
exposed inside many river valleys. The most part
of the Quaternary sediments are of glacial, fluvio-
glacial, fluvial, acolian and palustral origin.

During the Middle and Late Pleistocene the
territory of the basin was covered by two ice sheets
— Moscow (Saalian, or Vjchegodsky according to
the local stratigraphy of northern Russia) and
Late Valdai (LGM, Late Weichselian, or Polarny)
(Andreicheva et al., 2015). The Moscow glaciation,
the last one that completely covered the whole
SD basin, is correlated with MIS 6 (Velichko et
al., 2011), i.e. the period 190-130 ka BP (Lisiecki
& Raymo, 2005; Gibbard & Cohen, 2008). Its
sediments are represented by diamicton (loamy
clay) of a reddish-brown color, turning into dark
gray, with a clastic material content from 1-3 to
5-8 %, with high content of local sedimentary rocks
(up to 95 %) — limestones, dolomites, flintstones
etc.; therefore the diamicton composition is more
carbonaceous (Ostanin etal., 1979). The number of
Scandinavian rock clasts does not exceed 11-35 %
(Atlasovetal., 1978).

The LGM deposits are also represented by
diamicton, but the Scandinavian magmatic and
metamorphic rocks — quartz and quartzites — are
absolutely predominant (Ostanin et al., 1979). The
position of the maximum advancement of the last
glaciation is discussed in this article.

On the interfluves of the SD basin, glacial
and fluvio-glacial landscapes predominate with
some participation of aeolian forms. In the east of
the basin, vast sandur plains are dominant. An
ancient partly buried valley (the so called Keltma
trough) of submeridional direction connecting the
Vychegda basin with the Kama-Volga basin is clearly
traced across the Severnye Uvaly Upland (Fig. 1);
now it is occupied by the rivers Northern Keltma
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(the Vychegda-Severnaya Dvina basin) and Southern
Keltma (Kama basin). The Keltma trough is a part
of the ancient system of over-deep valleys — the so-
called Kama-Vychegda-Pechora drainage system,
whose age was considered as pre-Quaternary’
(Krasnov, 1948). The problem of LGM proglacial
lake outflow via this trough is also discussed below.
In the valleys of Vychegda, Vaga and Severnaya
Dvina Rivers, a series of terraces has been formed;
however, their age and genesis remains controversial.

3. Overview of previous
research of the history
of ice sheets and glacially
dammed lakes

3.1. 20" century: accumulation
of geological knowledge,
first models

Investigations of the LGM position, related ice-
damming phenomena and reversal runoff actively
began in the 1930s and 1940s, when geological
studies were conducted in the framework of
the project of wide-scale reservoir construction
and diversion of runoff of the northern rivers to
the Caspian Basin. Krasnov (1948) considered
that the maximum glaciation covering the study
area occurred in the Middle Pleistocene, and
positioned the glaciation center on the islands of
Novaya Zemlya and the Polar Urals: petrographic
composition of boulders was analyzed and
correlative rocks were identified in the glacial
deposits together with local ones (Krasnov, 1948).
Intramoraine lenses of laminar (varve-type) clay
and sands up to 5m thick were encountered
inside the till layer. Glaciofluvial sands and gravels
covering the Kama-Pechora-Vychegda interfluve

' Note that at that time, the lower Quaternary limit was

recognized at the Brunnes-Matuyama boundary, 0.78 Ma
BP, i.e. at the modern Lower-Middle Pleistocene boundary.

were associated with the degradation of the Middle
Pleistocene glaciation (Krasnov, 1948).

Meanwhile, after extensive drilling, the 5-km
wide Keltma buried canyon was discovered on the
Kama-Vychegda interfluve (Fig. 1), filled with the
Quaternary deposits to a depth of more than 100 m
(Yakovlev, 1956). The canyon served as a junction
between Vychegda and Kama Rivers; water from
one basin could be poured into another, depending
on climatic and tectonic factors (Yakovlev, 1956).
No other age determinations of the uppermost
canyon sediments have been done since those years.

The boundary of the last glaciation was drawn
submeridionally along the western slope of the
Timan ridge, then in the vicinity of Ust-Kulom
(the “knee” between the submeridional current of
the upper Vychegda and the sublatitudinal middle
reaches) and along the watershed between the Kama
and Vychegda Rivers (Fig. 1). Since the glaciation
must have blocked the northward drainage,
a huge proglacial basin was thought to have formed
along the glacier edge due to topographic features
of the area, and the runoff was directed to the
south via Keltma canyon, to the Kama River valley
(Fig. 1). The proglacial lake occupied the so-called
Vychegda Depression (the present-day valley of the
Vychegda River, part of the river valleys of Mylva
and Nem). Sands and sandy loams recognized
as palacolake deposits fill the bottoms of paleo-
depressions and are overlain by younger alluvium.
The deposition of sandy deposits rather than varved
clays was explained by the possible existence of a
strong current in the paleo-lake (Krasnov, 1948).
Afterwards, 1:500000 geological
mapping of the European part of the USSR, the
LGM limit was moved farther to the northwest,
to the North Dvina — Vaga confluence (Krasnov,
1971). The LGM-lake deposits were mapped to the
lower reaches of Vychegda River (Krasnov, 1971).

The next stage in the studies of LGM boundaries
developed in the 1970s due to the extensive
geological survey complemented by remote sensing

during the

in the Onega-Vaga interfluve and in the valleys
of Severnaya Dvina and Vaga Rivers, and the
southeastern boundary of the last glaciation was



The SIS limits and related proglacial events in the Severnaya Dvina basin, northwestern Russia: review and new data

305

significantly refined (Atlasov et al., 1978; Ostanin
et al., 1979). The LGM boundary was shifted far
to the west and acquired new, more complicated
configuration (Fig.1). Two glacier lobes were
reconstructed inside the valleys of Severnaya
Dvina and Vaga (Atlasov et al., 1978). Provenance
studies based on the petrographic analysis of
boulders collected from glacial sediments allowed
a reliable distinction of the Saalian and LGM tills:
the former is more abundant with local calcareous
pre-Quaternary rocks, whereas in the latter, erratic
Scandinavian material prevails (Ostanin et al.,
1979). The glacial marginal complex composed
of the hilly moraine topography with kames and
glacio-fluvial hills, subglacial and glacio-fluvial
ravines was mapped in detail (Atlasov etal., 1978).

The aforementioned LGM boundary recon-
structions were explored by Kvasov (1975) to
build the concept of wide occurrence of two deep
proglacial lakes at the SIS SE boundary: Lake
Vaga (Vazhskoe) occupied the lowland, enclosing
the Vaga and Kokshen'ga River valleys. The
drainage threshold was assumed at the watershed
of Kokshenga and Uftyuga (Sukhonskaya) Rivers
at the elevation of 150 m as.l.. The lake was
also thought to have the reversal drainage to the
Sukhona River. Varved clays of this lake are well
preserved within the Vaga valley, and were observed
by the author of this paper in various river sections.

Lake Kotlas (Kotlasskoe) was suggested to
occupy the wvalley of Severnaya Dvina River
(adjacent to the glacier), part of the Malaya Dvina
valley (to the confluence with Luza), the Vychegda
valley to the confluence with Nem, and part of
the Vym’ valley (Kvasov, 1975). Reverse flow was
assumed to the south into the Kama-Volga basin
through the Keltma spillway, which could have
been overflowed at 130 m a.s.l.. Nevertheless, the
deposits of Kotlas Lake had not been documented
and all reasoning was grounded only on landscape
topography.

In the 1980s and 1990s, the next modification
of the LGM boundary was presented by Lavrov &
Potapenko (2005) (Fig. 1). The authors reconstruct-
ed a single Severnaya Dvina glacier lobe, which

occupied the lower reaches of Vychegda, Luza and
Jug Rivers, and covered the basins of Sukhona and
Vaga (Lavrov & Potapenko, 2005). A huge Ozjag
proglacial lake with a southward drainage was
interpreted to have been forming due to the glacial
blockage of the Vychegda valley. The so called
OZjag terrace was formed by glacial-lake deposits
with absolute elevations of 130—135 m a.s.l., and is
breaking sharply in the lower reaches of Vychegda
(Potapenko, 1971). However, closer examination of
the materials presented by these researchers reveals
that the OZ’jag terrace was reconstructed (modelled)
practically by the interpolation of the results of
studies based on only one section in the Vym River
basin (Lavrov & Potapenko, 2005).

3.2. 21* century: revision and
new models

At the beginning of 21* century the studies of the
glacial history of Russian northern territories
received a new impulse, due to international QUEEN
project (Larsen etal., 1999; Svendsen etal., 2004).
The LGM map of QUEEN project in its
southeastern flank mostly repeated the recon-
structions made by the Russian Geological Survey
(Atlasovetal., 1978; Larsen et al., 1999; Svendsen et
al., 2004), but concerning the adjacent ice-dammed
lakes, no certain models were proposed, except for
the drainage rerouting to the Kama—Volga system.
In the subsequent paper by another research group
(Demidov et al., 2006) they suggested a smaller
distribution of ice sheet and moved its eastern
boundary westward by 20-120 km compared to
previous reconstructions, but lowlands were still
considered to have been occupied by large ice-
dammed lakes. During LGM, the interpretations
suggested an ice-dammed lake that filled the upper
parts of the SD basin and reached elevations 120-
130 m a.s.l. with southward drainage into the Volga
basin (Demidov et al., 2006). As no new evidence
of LGM lake deposits or shorelines have been
proposed for this area, this statement seemed simply
to follow the previous reconstructions by Kvasov

(1975).
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At the beginning of 2010s, a major revision of
the glacial boundary in the Severnaya Dvina basin
was published (Lysa et al., 2011; 2014; Larsen et al.,
2013) based on glaciomorphological data extracted
from satellite images (Fredin et al., 2012), and
supported by the existence of glacial sediments in two
sections within the SD valley downstream of Kotlas
city and the valley floor moraine reconstructed
within the lower reaches of the Vychegda River
(Larsen et al., 2013). It was suggested that the
LGM lobe pattern was much more “finger-shaped”
(Fig. 1) than reconstructed in earlier works: long
ice lobes with low ice-surface profiles penetrated
far upstream to the gentle valleys of Vaga, Kodima,
Severnaya Dvina, Vym and Vychegda Rivers (Larsen
et al., 2013). In parallel, the formation of huge ice-
dammed lakes was assumed in the valleys of all the
Severnaya Dvina and Vaga tributaries based on the
“lake-dominated” interpretation of sections which
they studied within the river valleys. Lake levels
were suggested to have reached the Keltma spill
at 130-132 m a.s.l. and overflowed into the Kama
basin. This point of view was shared by some Russian
authors (Nazarovetal.,2015).

Our research was motivated by the above
described recent revision of the LGM ice sheet
boundaries and the revival of the concept of glacially
dammed lake overflow into the Caspian basin. The
purposes of our study are: (1) to test the evidence
for the far advance of the MIS 2 ice stream along the
Vychegda valley, and (2) to establish the chronology
of fluvial environments at Lower Vychegda. The
latter would constraint the period of Lower

Vychegda occupation by the glacially dammed lake.

4. Methods

Field topographic survey included lithostratigraph-
ic investigations of river sections, sampling radiocar-
bon and other samples from appropriate horizons,
measuring terrace and section elevation above the
river and producing topographic profiles with the
help of 5x magnifying CB-17-630 Berger Hand

Level.

Elevation maps and profiles were processed
in ArcGIS 10.3.1 and Global Mapper v.19. The
overview map of the study area (Fig.1) was
constructed using the digital terrain model (DTM)
Gtopo2 v.2 with a resolution of ¢cz. 1 km (US
Geological Survey, 2015).

To study the individual sites in the Vychegda
valley, three DTM were tested: ALOS World 3D-
30 (Japan Aerospace Exploration Agency, 2017),
ArcticDEM  (Polar Geospatial Center, 2017)
and Tandem-X (German Aerospace Center, 2017).
This was necessary because the area is characterized
by non-continuous data, considerable afforestation
and distortions in the altitude field observed in all
DTM. Different models were used for the two study
sites in the Vychegda valley.

Yarengassite in the middle lower Vychegda

(section 5.1)

The most detailed DTM is ArcticDEM (resolution
5m), but within the study area the systematic
altitude distortion of about 15m was revealed.
Despite the lower resolution, ALOS 3D-30
(resolution 30 m) proved to be best suited for the
purposes of this study, because it contains fewer
demonstrate better

artefacts, and elevations

correspondence to reference topographic maps.

Solvychegodsk site at the very lower Vychegda

(section 5.2)
Using of ArcticDEM and ALOS 3D-30 was limited

by holes in their cover near the section. That is why

we took available tile of Tandem-X (resolution
30 m) for the map and profile of the key section.
In spite of a lot of artifacts and systematic altitude
distortion of approximately 17 m that was detected
and eliminated, Tandem-X was found the most
adequate to reflect the main landscape features of
lower Vychegda valley.

Profiles drawn from the DTM were compared
with topographic maps of 1:25000-1:100000
scale. To eliminate artefacts, the profiles extracted
automatically from ALOS 3D-30 and Tandem-X,
were smoothed manually.
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5. Results

To meet the aims of the research, two valley reaches
were studied. First is the reach at the Yarenga River
confluence where Vychegda crosses the margin
of the LGM ice stream proposed in Larsen et
al. (2013). Second is the lowermost reach of the
Vychegda valley that was studied in most detail at
the Solvychegodsk town.

5.1. Yarenga section

At the confluence of River Yarenga, Vychegda
crosses a 30-50-m high ridge having an arc
planform typical for end moraines (Fig. 2a).

Apparently, it is this ridge that was interpreted by
Larsen etal. (2013) as the end (valley floor) moraine
of the Late Weichselian ice sheet and was used as the
marker for the LGM glacial boundary and asa “dam”
for the proglacial lake. However, this conclusion
was based only on satellite image and DTM analysis
and no data was provided on the geology and
geomorphology of the Vychegda valley. This was the
motivation for us to examine the valley reach at the
intersection of the proposed moraine ridge.

At the Yarenga confluence, the 4.5 km wide
valley bottom is occupied by the floodplain and
low (10-13 m) terraces (Fig. 2a, b). River Vychegda
undercuts the left side of the valley, which promised

the chance to examine the incised moraine.
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A section 17825 located at 62.10176°N, 49.03758°E
was cleaned down from a clear edge dividing the
steep slope initially recognized as valley side and
gently rising surface that extends to the top of
moraine (Fig. 2B). The section 17825 consists of
the following lithostratigraphic units (from top to
bottom; Fig. 2¢):

Unit 1(0.0-2.5m): homogenous light-beige
well-sorted fine to medium sand, iron-rich in the
upper 70 cm. Interpreted as aeolian cover.

Unit 2 (2.5-3.3 m): horizontal interbedding of
silt and fine sand; lamination is wavy horizontal in
the upper 30 cm and plane horizontal in the rest of
the unit. Interpretation: overbank alluvia.

Unit 3 (3.3-10.1 m): mixed-sized sands with
horizontal beds and lenses of sandy gravels and
loams and rare pebble-rich layers; below 7.4 m
— fine sand with rare pebbles in the top part.
Interpretation: channel alluvia.

Unit 4 (below 10.1 m): bluish grey clay inter-
calated with sandy clay. Interpretation: bedrock
(Jurassic marine rock).

Below the bottom of the section, there are a
couple of terraces produced by landsliding of the
bedrock clays. Young floodplain 1-1.5 m high
makes a narrow (5—7 m) strip at the bank of the river.

5.2. Solvychegodsk Section

Section 17840 was examined on the right bank of
Vychegda, 20 km upstream from it’s confluence
with the Severnaya Dvina River, at the Solvyche-
godsk town. The left bank of Vychegda is formed by
a 2—4 m high floodplain and the right bank is the
6-8 m high river terrace that bears numerous traces
of river palacochannels (Fig. 3a, b). The section
17840 is located within the migration belt of the
oldest meander generation that was abandoned
not later than 9260170 BP (Panin et al., 1999).
Petikhino Lake (Fig. 3b) is located within one
of the palaecochannels belonging to this system.
Northwards from the lake, the higher terrace is
located, the surface of which gradually rises towards
the right side of the valley from 12-15 m to more
than 20 m above the river. This is the so called Baika

terrace studied on the left bank of Vychegda (Panin
etal., 1999; Sidorchuk et al., 2001) and recognized
as the potential lacustrine terrace related to the
LGM ice-dammed lake (Sidorchuk et al., 1999).
Therefore the Solvychegodsk section describes the
composition of the oldest preserved generation of
fluvial landforms produced by Vychegda after the
drainage of the glacier-dammed lake and incision
into the lake bottom.

The section 17840 consists of three main
lithostratigraphic units (from top to bottom;
Fig. 3¢):

Unit 1 (0.0-1.1 m): presumably sands, sub-
divided into two parts based on the presence of
organic-rich beds.

Subunit 1a: interchange of light-grey compact
silts with thin horizontal bedding at places, and
light-beige fine sand with massive texture or unclear
horizontal beds. In the lower 10 cm sand is interlaid
with thin peaty and silty beds.

Subunit 1b: fine sand with thin peaty beds and
two horizons of brown peat. The 12-18 cm thick
upper peat contains thin beds and lenses of fine
sand. The lower peat is broken by frost action into
wedge-like structures. It was radiocarbon dated
to 1005040 BP (GIN-15704) or 11570+120
cal BP. Both peat horizons draw together in the
downstream direction so that in the right wall of the
section the dividing peaty sand between them has
a thickness of less than 5 cm.

Unit 2 (1.1-1.95 m): horizontal interbedding
of bluish-grey silty loam and greyish-beige loamy
fine sand. Interpretation: overbank alluvial deposits.

Unit 3 (1.95-6.2 m): presumably sands, subdi-
vided into three parts based on textural properties.

Subunit 3a (1.95-4.1 m): fine light-grey or
yellowish-grey sand with ripple structures marked
by organic-rich laminas in the upper part, horizontal
bedding in the middle and large-amplitude (ca.
1.5 m) cross-bedding in the lower part.

Subunit 3b (4.1-4.7 m): interbedding of gen-
tly sloping light-grey fine sand and bluish-grey
silty loam. Wooden twig in the top of the layer was
radiocarbon dated to 11290+70 BP (GIN-15706)
or 13160+60 cal BR.



The SIS limits and related proglacial events in the Severnaya Dvina basin, northwestern Russia: review and new data

309

Elevations,
asl,m
210

section 17840

X A
t—— profe ine 125

- paleomeanders|
| <D settlement 40

A B
H, m
70 3 .. Solvychegodsk
® alluvial terrace
<
o O A U S ML ot L O I ... ST

Lake Petikhino

peat
loam

silt

10050+40

fine sand

coarse sand

detrital lenses

ripple marks

cross-bedding 7

7d|
twigs —<—

Radiocarbon dates 10050+40

Baika terrace

w
o

Figure 3. Vychegda valley at Solvychegodsk. a) Topographic settings (Tandem-X DTM). Dashed lines mark river palae-
ochannels (after Panin et al., 1999). b) Topographic profile across the valley and moraine ridge (based on Tandem-X
DTM). c) Lithological log of section 17840 exposing the 6-m river terrace.

Subunit 3¢ (4.7-6.2 m, bottom of the section):
coarse sand with horizontal or gently sloping
lamination and lenses or 1-cm thick layers of fine
sand. At depth 4.97-5.1 m — layer of fine sand with
cross bedding.

The section was interpreted to document a full
alluvial sequence accumulated on a convex bank of
a river meander: active channel alluvia (Subunit 3¢),
organic-rich deposits of a pool in the backside of
a point bar (Subunit 3b), point bar alluvia (Subunit
3a) and overbank alluvia (Unit 2). The uppermost
unit was interpreted as aeolian sand drifted over
abog in its lower part (Subunit 1b). The sand cover
continues far outside the river into the second
terrace.

6. Discussion and conclusions

Since the beginning of 21 century, the arguments
were proposed in favour of the limited distribution
of the LGM proglacial lake in the Vychegda valley
(Sidorchuk et al., 2001) and in the middle reaches
of the Northern Dvina (Zaretskaya et al., 2014;
Maksimov et al., 2015). Since 2011 we provided
studies of terraces composing the intra-valley fluvial
complex of Vychegda, tracing them from the upper
reaches (Severnaya Keltma valley) to river mouth
near Kotlas city. The composition of the Late
Pleistocene terraces is twofold: the lower (bottom)
part is usually composed of alluvium (sands,
sandy gravels and pebbles, loams and sometimes
peat or loamy peat of oxbow lake deposits); the
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upper part is usually formed by deposits of acolian
origin: in the upper reaches of the river these are
silts presumably of niveo-aeolian genesis (for
example, at the Kur'jador section, Maksimov et
al., 2015; Andreicheva et al., 2015) blanketing the
surrounding landforms, but in most part of the
valley these are sands without grading with dunes
on the surface (Zaretskaya et al., in press). The Late
Glacial terraces demonstrate the same composition:
the age of their alluvial bottom parts varies between
17 and 12 cal kyr BP (Zaretskaya et al., 2014), and
no varved clays have been identified.

The Yarenga reach of the Vychegda valley
(Fig. 2a) is a key for understanding the glacial limits
at Lower Vychegda. There are several arguments for
rather MIS 6 than MIS 2 age of the arc-shaped end-
moraine ridge crossed by Vychegda.

First is the existence of more than 13 m high
river terrace exposed in the section 17825, the
age of which is evidently older than LGM. This
interpretation follows from a number of terrace
parameters. The base of terrace alluvia lays 5 m
above the river (Fig. 2c). In Lower and Middle
Vychegda this is characteristic for MIS 6/5 terraces
formed at the initial stages of river restoration
after the MIS 6 ice sheet retreat, whereas all dated
MIS 2 terraces are composed totally of alluvium in
their above-river parts and have elevations mostly
below 10 m (Zaretskaya et al., 2014; Zaretskaya
et al., in press). Terrace alluvia is devoid of organic
matter suitable for radiocarbon dating, which is
not typical for the MIS 2 terraces that are usually
rich in peat layers and other organic remains.
Also, the terrace at the section 17825 is covered
by sand blanket (Unit 1), which was traced in the
field as far as 0.5 km upslope from the section (Fig.
2¢). Examination of satellite images showed that
these sands cover the whole moraine ridge, which
supports the lithological arguments on the aeolian
origin of Unit 1. Lavrov and Potapenko (2005) map
these sands as the MIS 2 glacio-lacustrine deposits.
However, we have not found any evidence of aquatic
sedimentation: mostly massive structure, high

degree of sorting and absence of noticeable amounts
of clay-silt fraction stands for their aeolian origin,
probably related to the activation of wind-blowing
processes from the water-deficient valley in LGM.

Another reasoning for the pre-LGM age of the
Yarenga moraine ridge relates to the high density of
erosional dissection of the ridge, which is evident
in the area topography (Fig. 2a). Drainage net that
covers the sides of the moraine on both sides of the
Vychegda valley is quite typical for the territory to
the east, which was undoubtedly occupied last time
by the MIS 6 ice sheet. Territories north from the
Tolokonka section on Northern Dvina that were
covered by SIS at LGM are eroded to much less
extent.

Given the above reasoning, we argue that the
end moraine crossed by Vychegda at the Yarenga
site was formed during the MIS 6 glaciation and
cannot be used as an evidence of the glacial advance
at the LGM. As a consequence, the blockage for the
proposed LGM lake (Larsen et al., 2013) could not
have existed in the middle Vychegda valley, and we
failed to detect any traces of such lake in this part of
the valley, which provides no ground for the concept
of water overflow into the Kama River (Caspian
basin) through the Keltma pass in the upper
Vychegdabasin.

Traces of river damming related to the last
glaciation were detected earlier in the lower
Vychegda. The more than 12 m thick terrace on
the right bank at Solvyshegodsk (Fig. 3) is most
probably the same terrace that was described on the
left bank at the Baika village (Sidorchuk et al., 1999;
2001). The alluvial-lacustrine base of the terrace was
radiocarbon dated to ca. 45-50 ka BP (Zaretskaya
etal., in press). The upper part of the sequence was
described as sand accumulated most probably in
deltaic environment generated by base level rise due
to river damming somewhere downstream. This
terrace was traced 50—70 km upstream, its relative
elevation decreases, and finally the Baika terrace
merges with the 6-8 m thick Late Glacial terrace
(Sidorchuketal., 1999).
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Given the above reasoning, the composition
of the Baika terrace and its position within the
valley prove the occurrence of the LGM glacially
dammed lake in the Severnaya Dvina valley
only. The chronology of the lake drainage is still
unknown as the Baika terrace was not dated because
of the absence of organic material in the upper
alluvial/deltaic sands. The lake drainage could be
constrained by the age of the subsequent fluvial
complexes. Earlier, the oldest river palacochannels
were dated at 9.3 C ka BP, or ca. 10.5 cal ka BP
(Panin et al., 1999; Sidorchuk et al., 1999), which
gives a rather obvious conclusion that the incision
into the Baika terrace started already before the
beginning of the Holocene.

The section 17840 at Solvychegodsk allows
us to conclude that the Vychegda incision into the
Baika terrace caused by the drainage of lake in the
Severnaya Dvina valley had started already before
the Allergd. Section composition demonstrates
that at 13.0-13.2 cal ka BP, the water surface
of the river was at least 2 m above the present-day
river (top of the pool deposits of Subunit 3b). Due
to the continued incision, the flooding of the
Solvychegodsk terrace ceased in less than 1500 years
(by 11.5 cal ka BP), which is marked by the start of
aeolian sedimentation over the overbank alluvia
(Fig. 3¢).

According to the elevation of dated terrace/
floodplain steps synthesized in (Panin et al., 1999),
incision ceased around 7-8 "“C ka BP, or 8-9 cal
ka BP. Extrapolation of incision rates (2 m per
4000-5000 years) provides the estimation of the
start of incision into the Baika terrace (ca. 6 m above
the Solvychegodsk terrace) at 25-30 ka BP. Most
probably, this estimate is too old as the incision must
have slowed down in time, and the initial phase

(before the formation of the Solvychegodsk terrace)
was much faster than the terminal phase. Indirectly,
fastinitial incision into the Baika terrace is indicated
by the absence of morphologically expressed
meandering belts. To more reliably establish the
chronology of lake drainage/start of Vychegda
incision, direct dating of the Baika terrace material
is necessary, and is now included in our projects.
However, whatever the result, it would not abolish
the overall conclusion about the absence of the
dammed lake in the Vychegda valley at LGM and,
in addition, the absence of its overflow through the
Arctic-Caspian watershed.
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