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Abstract—The data obtained from investigation of the Middle and Late Neopleistocene lake sediments in the
European Subarctic Region of Russia are reported. Chirva, Rodionovo (Scklov), Sula (Mikulino), and Byz-
ovaya (Leningrad) sediments were subject to palynological analysis and investigation of particle size distribu-
tion and mineral composition. The spore—pollen spectra of the Chirva sediments demonstrate two climatic
optima: the lower optimum is dominated by the pollen of Pinus sylvestris and broad-leaved species (up to
10%); the upper optimum is dominated by Picea sp. and Pinus sylvestris, while the pollen of Picea sect.
Omorica and broad-leaved species are sporadic. The Rodionovo flora is characterized by a more xerophilous
composition relative to the Chirva flora and a higher pollen content of pine, birch, wormseed plants, and
wormwood. The climatic optimum of the Sula interglacial is distinguished by boreal vegetation, including
spruce, birch, and birch—spruce forests with sparse broad-leaved species. The Byzovaya interstadial is
marked by seven stages of changes in the vegetation: from tundra and forest-tundra communities to taiga for-
ests with some broad-leaved species. The natural climatic sedimentation conditions in the Middle and Late
Neopleistocene interglacial periods are reconstructed. The mineral composition of sediments was largely
formed owing to underlying deposits.
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INTRODUCTION

Sedimentation in lake basins occurs in slow-mov-
ing or stagnant water, where wind waves and flows
cause disorderly oscillatory movements. The sedi-
ments are not marked by well-defined diagnostic signs
and are identified by a set of their specific features. In
most areas, the sedimentation sections are dominated
by silt and clay with a thin horizontal and subhorizon-
tal bedding. The lake sections are characterized by a
regressive sequence corresponding to a gradual transi-
tion from subaqual clay and silt deposited by suspen-
sion flows, which are related to the underwater slump-
ing of sediments from the delta coasts and slopes in a
deep part of the lake and lying at the base of the lake
cycle, to coarser sands and pebble—gravel sediments
accumulated near the lakeshores and depositing at the
top of the section (Boggs, 1995). The sediments, espe-
cially those formed below the wave base, are distin-
guished by a large lateral extension and bed consis-
tency. The paragenetic relation to alluvium and bog
soils is typical of the lake sediments. The sedimenta-
tion under lake conditions is confirmed by occurrence
of abundant plant detritus.

Clastic, organic, and chemical sediments are depos-
ited under the lake sedimentation environment. The
types and compositions of the deposits are considerably
dependent on the climatic conditions. The clastic
sandy—clay material, occasionally with a banded lami-
nation, is deposited in the northern areas with the cold
climate suppressing the chemical processes. The depos-
its are enriched in organic residues and contain peat and
sapropel interlayers in the freshwater lakes under the
humid climate. The Quaternary sediments are com-
monly composed of sandy—clay deposits with a consis-
tency from plastic to flowing. They often have a dark
color either due to decomposition products of organic
matter or due to the presence of sulfides, in particular,
pyrite (Sedimentologiya..., 1980). In the east of the
European Subarctic Region, the Neopleistocene sedi-
ments consist of Chirva (Likhvin), Rodionovo (Sck-
lov), Sula (Mikulino), and Byzovaya (Leningrad) inter-
glacial deposits.

RESEARCH METHODS

In order to determine the stratigraphic distinctive
features and climatic conditions of the sedimentation,
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the lake sediments were studied by palynological anal-
ysis according to the generally accepted method
(Metodicheskie..., 1986). All palynological diagrams
presented in the paper were compiled by T.I. March-
enko-Vagapova.

In terms of lithology, the sediments in the east of
the European Subarctic Region of Russia are almost
unstudied. We tried to eliminate this gap by studying
their granulometric and mineral composition. Obtain-
ing the lithological characteristics of sediments is
aimed at clarification of the sedimentation conditions,
revealing the possibility of using the lithological data
for stratigraphic classification and correlation of the
sediments, performing paleogeographic reconstruc-
tions, and identification of geological bodies whose
clastic material was the basis for formation of the stud-
ied sediments. The granulometric analysis was studied
by screen and pipette analysis (Kachinsky, 1958).
Average grain diameters (d,,) and sediment sorting
factors (§,) were calculated. The sediment sorting fac-
tor was expressed through a normalized entropy (Bel-
kin and Ryazanov, 1972) that varied from zero to one
and grew with increasing sorting index: at the worst
sorting, .S = 0; for uniformly graded sediments, S, = 1.
The mineral composition of fine-grained soil in the
lake sediments was determined in a fine-grained sandy
fraction (0.25—0.1 mm) most fully representing the
material of feeding provinces, both local and transit
and remote. This fraction was available for study and
the most representative in relation to the composition
of heavy minerals. In a number of cases, the miner-
alogical analysis was limited by an insignificant con-
tent of the fine-grained sandy material in the sedi-
ments. The important aspect of our work was investi-
gation and systematization of the accumulation
processes of heavy minerals in the studied sediments.

RESULTS AND DISCUSSION

In the east of the European Subarctic Region of
Russia (Fig. 1), the lake sediments are largely composed
of clastogenic deposits dominated by fine-grained clay
differences with a horizontal bedding (Fig. 2).

Chirva (Likhvin) interglacial Horizon (Q;Ié). The
base of the Middle Neopleistocene section consists of
the Chirva (Likhvin) interglacial Horizon composed
largely of alluvial and lake sediments. They are con-
fined to the buried paleovalleys and fill erosive cuts in
the Pomusovo (Oka) and more ancient sediments. In
the studied region, the Chirva sediments are com-
monly revealed by boreholes. In the coastal outcrops,
they are exposed extremely rarely, and their thickness
does not exceed 1—4.6 m. Lake sediments were identi-
fied and studied only in three outcrops: on the Laya
River (outcrop 27), on the lower Pechora River (out-
crop 250-Experimental Field), and on the Vychegda
River (outcrop 208-Slobodchikovo).
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The lake sediments are characterized by a relatively
good preservation of pollen and spores, plant particles,
diatom algae, sponge spicules, and other organic
remains that make it possible to reconstruct the vegeta-
tion and climate development history. The relation of
the studied sediments to the Chirva Horizon is deter-
mined on the basis of characteristic spore—pollen spec-
tra obtained and studied in the interglacial sediments
underlaying the Middle Neopleistocene complex in a
number of borehole sections and in coastal outcrops.
The palynological analysis made it possible to deter-
mine the Chirva age of the sediments at different times
in the sections of the lower Pechora area and the
Vychegda River (Duryagina and Konovalenko, 1993)
and Kolva River (Loseva et al., 1992), on the coast of
the Haipudyr Bay (Loseva and Duryagina, 1987), and
in the Pai-Khoy Ridge (Duryagina, 1985). Occasion-
ally, for example, in outcrop 248 near the Ust’-Tsilma
Settlement, the interglacial sediments were assigned to
the Chirva Horizon on the basis of the conformal over-
lying of the Pechora (Dnieper) moraine deposits dated
with consideration of bone remains of small mammals.
In addition, the peat bogs underlying the Pechora Hori-
zon contained endocarps of reddish slender pondweed
(Potamogeton rutilus) characteristic of the Likhvin floras
(Guslitser and Loseva, 1979).

In recent years, the palynological analysis was
involved in study of the Chirva lake sediments in out-
crop 208-Slobodchikovo on the Vychegda River. A
two-meter thick sequence of bluish gray silt with an
interlayer of fine-grained gray sand was uncovered in a
depth range of 9.8—9.6 m in the basement of a coastal
cliff with a height of 10 m. It was overlain by a yellow-
ish gray fine-grained sand layer with a thickness of
1.9 m, overlapped by a dark gray aleurite unit (1.25 m)
with plant detritus and a peat interlayer (10—15 cm) in
the base. The palynological analysis of aleurite made it
possible to identify the spore—pollen complexes I1I—X
corresponding to the Chirva Horizon (Fig. 3). A five-
meter thick boulder loam stratum lay even higher.

The vegetation phases for each interglacial period
were identified by generalization of our materials and
published data of other researchers. Five vegetation
phases were revealed in the Chirva interglacial in the
east of the European Subarctic Region of Russia.

C, is a phase of thinned-out forest communities
represented by birch and pine—birch sparse forests and
a variety of shrubby groups including Betula sect. Fru-
ticosae, Betula nana, and Alnaster sp. Sphagnum bogs
and Polypodiaceae fern communities are abundant.
The vegetation is indicative of the relatively cold cli-
matic conditions of the tundra zone.

C}l is a phase of spruce and pine forests with per-
manent Betula sect. Albae, Betula sect. Fruticosae, Bet-
ula nana, Alnus sp., Alnaster sp., and Salix sp., with
xerophytic communities (up to 19% Artemisia sp.,
Chenopodiaceae) and plant associations. The spore
plants are dominated by sphagnum moss and Polypo-
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Fig. 1. Location of the studied sections. (/) outcrops, (2) boreholes.

diaceae ferns. The vegetation is indicative of the cool
conditions.

(Vifl is a phase of birch, pine—birch forest commu-
nities with spruce and various shrub groups. The her-
baceous associations of mesophilic herbs and bog veg-
etation occur in abundance. The vegetation is indica-
tive of the relatively cold climatic conditions.

STRATIGRAPHY AND GEOLOGICAL CORRELATION

Cf, is a phase of coniferous woods dominated by
Pinus sylvestris and Picea sp., widespread birches,
Alnus sp., Alnaster sp., Caprifoliaceae, and sporadic
broad-leaved species (7ilia sp.). The pollen of herba-
ceous plants is dominated by miscellaneous herbs and
aquatic plants. Sphagnum sp. is prevalent in the spore
plants. The climate becomes more favorable.
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Fig. 2. Horizontal bedding in the lake sediments
(Vychegda River, outcrop 207-Ryabovo).

Cm is a phase of pine, pine—spruce—birch, and
birch forests. Broad-leaved species are not noted. This
phase characterizes a temporary cooling.

(VI}V is a phase distinguished by predominance of
coniferous forests with a great role of birch. Picea sect.
Omorica is sporadic. Herbaceous communities are
abundant. Sphagnum mosses are predominant among
sporophytes.

Cfv is a phase of dark coniferous forests dominated
by spruce and pine, with birches and with rare broad-
leaved species (Carpinus sp.). The environment is rel-
atively favorable.

Cyisa phase of pine, pine—birch, and birch forests,
and birch is commonly observed as shrubs.

Hence, these phases reflect the forest flora in inter-
glacial conditions. Two climactic optima are specified.

The lower optimum CVZ?I is characterized by enrich-
ment in pollen of Pinus sylvestris and sporadic broad-

. . . . 1
leaved species; the upper climatic optimum (C;,—
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Cfv) is dominated by pollen of Picea sp. and Pinus syl-
vestris, while Picea sect. Omorica and broad-leaved
species are rare.

The method by Klimanov (1976, 1985) was used
for analysis of new and published palynological data
aimed to perform paleoclimatic reconstructions and
to establish paleotemperatures and amounts of paleo-
precipitation in the Neopleistocene. At that time, the
July temperature in the north of the studied region was
2—4°C higher than today and reached 14—16°C. In the
south of the studied region, the average July tempera-
tures reached 16—18°C, thus being higher than the
current temperatures by 1—2°C. In warm weather, the
amount of precipitation throughout the studied area
was 255 mm, while in cold weather it did not exceed
50—75 mm, and it increased to 175 mm in the eastern
direction (Andreicheva et al., 2006; Andreicheva and
Marchenko-Vagapova, 2015).

According to the data of granulometric analysis
(Table 1), the Chirva sediments are distinguished by
a low total carbonate content (2.6—3.6%) and an
average sorting grade of fine-grained earth (S, =
0.31-0.43). The sediments vary from very thin clays
in Borehole 611 on the Kolva River, where their aver-
age diameter (d,,) is only 0.004 mm, to silt with d,, =
0.042 mm in outcrop 208-Slobodchikovo, which is
likely related to the position of the samples in the sec-
tion: clay deposits could have been formed in a deep
part of the lake, while silt could have developed in
shallower waters.

A mineral composition of the lake sediments was
studied in three sections, where the heavy fraction
yield (HFY) was highly variably (Table 2). The assem-
blage of heavy minerals is dominated by epidote (28—
33%), the garnet content is 12—18%, and the amphi-
bole content of 10—20% decreases to 5% in the east of
the studied region, in the Kolva River valley. The sed-
iments are characterized by relatively high concentra-
tions of ilmenite (4—9%), titanium minerals (rutile,
titanite, and leucoxene) reaching 5—9%, and an ele-
vated total content of metamorphic minerals (kyanite,
staurolite, and sillimanite) reaching 5—10%. In the
north of the studied region, the heavy fraction is
marked by enrichment in pyrite and siderite, whereas
in the south, in the Vychegda River basin, these min-
erals are absent.

Rodionovo (Scklov) interglacial Horizon (QfI r). In
the Rodionovo interglacial epoch, the Timan—
Pechora—Vychegda Region was characterized by
development of predominantly continental (alluvial
and lake) sediments, widespread in occurrence, while
the Rodionovo marine sediments with a thickness of
up to 40 m were found only in the boreholes of the
northern areas. The thickness of the Rodionovo sedi-
ments is up to 30 m, and their base within the Pechora
lowland lies at absolute marks of 40—85 m. Almost
everywhere, they overlap the Pechora moraine depos-
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Table 1. Granulometric composition of lake sediments in the Timan—Pechora—Vychegda Region

Fraction content, %; Average .
River Horizon Outcrop, Carbonate size. mm dismoter d Sorting factor
index borehole no. content, % - av S,
>1.0 |1.0—0.1|0.1-0.01 {<0.01 mm

Laya 27, 3U 3 0.8 22.6 49.8 |27.5 0.037 0.43
Kolva 611, 712 2.6 0.4 13.1 46.1 |40.5 0.027 0.31
Pechora Qilc 250, 301 2.5 0.2 12.4 47.2 140.3 0.033 0.37
Ilesha 21 3.6 0 1 60.5 |38.4 0.012 0.32
Vychegda 208 3 0 20 60.2 [19.8 0.042 0.41
Laya 334, 15,27, L-29 1.9 1.8 32.5 40.5 |24.8 0.047 0.30
Shapkina 9-1,9-2, 10, 13-1 2.7 0.2 32.5 46 21.5 0.045 0.37
Pechora 246-a, 105, 216, 301 3.2 0.4 8 41.7 {50.1 0.019 0.33
Kolva 5 611,712, 4-G 2.3 1.2 13 48.9 |37.5 0.025 0.27
Seida Qur 8 10.8 0.3 0.9 75.5 |23.2 0.024 0.33
Izhma 12a 6.5 0 19.2 73.1 7.7 0.053 0.41
Ilesha 21 5.1 0.1 7.2 31 61.7 0.006 0.31
Vychegda 205 2.6 0.2 24.4 50.9 (24.5 0.046 0.30
Pechora H-1 4.4 0 11.7 60.1 |28.2 0.023 0.33
Laya L-8,L-11, L-14 1.3 2 50.4 35.0 |12.3 0.097 0.42
Shapkina Q}”s 7-3,7-v 3.5 0.1 20.9 56.4 |22.7 0.035 0.47
Bolshaya 15, 17, 18-2, 27 3.5 3 43.2 356 |18.3 0.105 0.33
Rogovaya

Chernay Ch-3, Ch-4-1, 4.8 2 13.6 62.2 (223 0.032 0.35

X Ch-11-1, Ch-14

Ilesha Qiiibz 21 8 6.1 27.7 166.2 0.004 0.38
Vychegda 207, Kur’yador 6.6 7.1 58.9 |34 0.015 0.23

its, and they are studied more thoroughly than other
interglacial horizons. The Rodionovo age of these sed-
iments is confirmed by very characteristic spore—pol-
len spectra (Duryagina and Konovalenko, 1993) and
also by their occurrence between the Upper Pechora
and the Lower Vychegda periglacial alluvium dated
using the remains of small mammals. The stratotype
of this interglacial is outcrop 211-Rodionovo in the
Middle Pechora area (Loseva and Duryagina, 1973;
Konovalenko, 1985).

The Rodionovo interglacial sediments were identi-
fied and studied by palynological analysis in fourteen
sections. In addition to outcrop 211-Rodionovo in the
Middle Pechora area, they were found in borehole 341
in the Laya and Yur’yakha interfluve area in the center
of the Bolshaya Zemlya tundra (Loseva and Dury-
agina, 1980), in outcrop 21 (10) in the middle flow of
the Shapkina River (Guslitser et al., 1985), in bore-
hole 21 in the watershed of the Pinega and Ilesha riv-
ers (Andreicheva and Konovalenko, 1989), in out-
crop 20 on the right bank of the Laya River in its mid-
dle flow, in outcrop 437 on the Adz’va River near its
mouth, in borehole 611 in the Kolva River basin, in
outcrop 205-Ust’-Pozheg in the lower Vychegda area
(Duryagina and Konovalenko, 1993), in outcrop 8 on
the Seida River (Andreicheva and Duryagina, 1999),
in the northwestern Timan area in boreholes 502 and

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

3 (Loseva and Duryagina, 1989), in Boreholes 754 and
755 (Loseva et al., 1992), and in outcrop 908 on the
Moreyu River.

The spore—pollen spectra were studied in outcrop 10
(outcrop 21, after the predecessors) on the Shapkina
River (Andreicheva et al., 2015). The lake sediments
form the submorainic stratum in a depth range of
14.65—10.75 m and have the following structure. Light
gray sands with a thickness of 1 m are overlain by cryo-
turbated clay (0.7 m) with sand nests and humified
material inclusions, overlapped by a half-meter unit of
peaty clay with peat interlayers. Up the section, there
is a blue-gray clay gradually turning into dense sandy
loam with peat inclusions (0.8 m). Brown clayey sand
lies even higher (1 m). The described stratum of
sandy—clay deposits is covered by a four-meter unit of
moraine deposits overlain, with a horizontal contact,
by gravel—sand sediments with a thickness of about
6 m. The section is crowned by a half-meter sequence.
The palynological diagram shows five palynocom-
plexes (Fig. 4) demonstrating the replacement of veg-
etation phases.

R; is a phase of vegetation typical of present-day
tundra and forest tundra. The wood flora is dominated
by pollen of Betula humilis, while Betula nana, B. sect.
Albae, Alnaster sp., Pinus sp. are sporadic. Cyperaceae,
Gramineae, Chenopodiaceae, and Artemisia are pre-
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dominant in the herbaceous cover. Ground vegetation
is composed of green moss. The climate was relatively
cold and dry.

Ry; is a phase of birch—pine and birch—spruce for-
ests with sporadic cedar and broad-leaved species
(oak, elm, and horn beech), which developed in the
moderately warm climate.

Ry is a phase of sparse forests including birch with
pine and spruce. The role of subarctic components
increases: Betula nana, up to 10%; Alnaster fruticosus,
up to 16%. Shrub and bog associations became wide-
spread under the general cooling of the climate.

R,y is a phase of birch—spruce forests with pine.
Spruce sect. Omorica and nemoral Quercus sp.,
Ulmus sp., Carpinus sp., Corylus sp. are few. The
herbal plants are diverse: along with xenophytes
(Chenopodiaceae, Artemisia sp.), there are meso-
philic and aquatic plants (family Nymphaea). The
soil cover contains Osmunda sp. and Diphazium com-
planatum. The vegetation is indicative of relatively
warm and wet climatic conditions.

Ry is a phase of birch—spruce sparse woods, shrub
groups and marshes under the general cooling of the
climate.

The established phases characterize in general the
vegetation of the interglacial period with two optima
(Ry; and Ryy). Specific features of the flora and the
presence of Picea sect. Omorica pollen indicate sedi-
mentation in this part of the section in the Rodionovo
interglacial. According to the obtained data on the pal-
ynological complexes, the climatic optima in the
north of the Timan—Pechora—Vychegda region were
presumably characterized by an average July tempera-
ture of 14—16°C, exceeding the current temperature by
4°C. In the south of the Komi Republic, the July tem-
perature was 16—18°C, which is also higher than pres-
ent-day temperatures by 1—2°C. The amount of precip-
itation throughout the studied area was 300—400 mm in
the warm period and 175—200 mm in the cold period
(Andreicheva et al., 2006; Andreicheva and March-
enko-Vagapova, 2015).

According to the data on the grain size distribution,
the Rodionovo sediments are composed of clay and
silt (d,, = 0.006—0.053 mm) with occasional insignif-
icant impurity of gravel material (Table 1). Dark gray
sediments with a bluish or yellowish brown shade and
an average sorting grade are predominant (S, = 0.27—
0.41). The amount of material soluble in 2% hydro-
chloric acid varies, but the lake sediments from out-
crop 8 on the Seida River are characterized by a high
total carbonate content (10.8%, on average), which,
apparently, is due to the underlying Pechora moraine
deposits, where the carbonate content reaches 17.5%.

The heavy fraction yield in the Rodionovo sedi-
ments is highly variable (Table 2): from negligible
0.03—0.08% in Borehole 301-Kushshor and in out-
crop 8-Seida to 1.01% in Borehole 4-G on the right
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bank of the Usa River. The composition of the mineral
spectra by area also varies, but they are based on epi-
dote almost everywhere. Its maximum concentrations
are confined to the center of the Bolshaya Zemlya tun-
dra where 30—42% of the heavy fraction is epidote.
Southwards, on the Izhma and Vychegda rivers, the
epidote content does not exceed 22—23%, suggesting
generation of the Rodionov sediments from the
Pechora moraine (Andreicheva et al., 2015, Table 7).
The amphibole and garnet contents are highly variable
in the region; their lowest values are recorded in the
Seida River valley, which is also typical of the underly-
ing Pechora moraine. On the Chernaya River, almost
a third of the heavy fraction is ilmenite (30.8%), which
is not explained at this stage of investigation.

Sula (Mikulino) interglacial Horizon (Q}Hs). The
lake sediments of this horizon are represented by clas-
tic deposits with a diverse grain size distribution: evi-
dently predominant silt and also clay, loam, fine-,
medium-, and uneven-grained sand (Andreicheva
and Marchenko-Vagapova, 2013, 2014). The sedi-
ments are dark gray with different shades: from brown-
ish to bluish and blue-gray; some sediments are peaty.
A few sections were assigned to the Sula Horizon on
the basis of the palynological data: on the coast of
Khaipudyr Bay (Loseva and Duryagina, 1987), in
Borehole 502 of the Northwestern Timan area (Loseva
and Duryagina, 1989), and near the lower Pechora
area (Berdovskaya, 1976).

In the south of the investigated region, the sedi-
ments of supposedly Sula age were studied in outcrop
6-Vym’ located on the right bank of the Vym’ River,
3.5 km below the mouth of the Pok’yu River (Andre-
icheva and Marchenko-Vagapova, 2014). The base of
the section with a total thickness of 5.2 m is composed
of pebble—gravel—sand sediments (0.25 m) over-
lapped by a ten-centimeter layer of gray fine-grained
sand. It is overlain by heavy lake blue-gray loam with a
thickness of 0.6 m devoid of fragmental material. Up
the section, there is a unit 1.75 m in thickness com-
posed of brown fine-grained sand with inclusions of
gravel, pebble, boulders, and brown-gray loam. The
section is completed by a 0.9-m-thick loam stratum
overlapped by a soil—vegetation layer. Spores and pol-
len found in gray fine-grained sand and in lake loam
(Fig. 5) characterize only one of the Sula interglacial
stages (S).

The spore—pollen complexes identified in other
sediment sections indicate the interglacial conditions
and characterize the following vegetation phases:

S, is a phase of maximum of the coniferous species
(lower maximum).

Sy is a phase of birch and pine.

Sy; is a phase of pine forests with spruce, birch,
larch, and broad-leaved species (oak Quercus sp., horn
beech Carpinus sp., and hazel Corylus sp.).
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S;v is a phase of birch devoid of the broad-leaved
species.

Sy is a phase of maximum of the coniferous species
(upper maximum of spruce).

Syr is a phase of forest-tundra vegetation domi-
nated by spruce and birch with an important role of
dwarf birch.

The materials obtained generally correspond to the
palynological criteria of the Sula interglacial (Dury-
agina and Konovalenko, 1993). They are character-
ized by falling out of a number of plant phases,
although general regularities in changes of the plant
communities are retained. The maxima of coniferous
species are not always recorded in the climatic opti-
mum period. The alder optimum maximum charac-
teristic of the central and western regions of the Rus-
sian Plain is also absent (Grichuk, 1989). The climatic
optimum is expressed as the boreal vegetation includ-
ing birch (mostly Betula sect. Albae) and birch—spruce
and, occasionally, spruce forests with rare broad-
leaved species in the north and dark coniferous spruce
forests with sporadic broad-leaved species such as oak,
elm, linden, hazel, horn beech, and also Osmunda cin-
namomea L. in the south of the studied region.

The spore—pollen complexes are indicative of an
average July temperature of 14—16°C in the north,
which is about 3°C higher than present-day tempera-
tures. In Arkhangelsk Region, the average July tem-
perature was 16—18°C, which is 1—2°C warmer than
today. In the Sula interglacial epoch, the amount of
precipitation reached 350—400 mm in the warm
period, and it decreased to 150—175 mm in the cold
period.

According to the data on the granulometric com-
position of the Sula sediments, the area size distribu-
tion is characterized by some regularity (Table 1). The
finest grain size is characteristic of the Sula sediments
in the north of the studied region, in outcrop H-1 in
the lower reaches of the Pechora River and in the
Shapkina River valley. The average grain diameter d,,,
is 0.023 and 0.035 mm, respectively. In the Laya and
Bol. Rogovaya river valleys, enriched in both silt and
sand, occasionally with gravel, the sediments are char-
acterized by the largest average diameter of fine earth:
d,, = 0.092—0.103 mm on the Laya River, 0.105 mm
on the Bol. Rogovaya River, and 0.221 mm in some
samples.

The heavy fraction content varies from 0.46 to 0.93%
(Table 2). The heavy mineral assemblages are also vari-
able. The lake sediments overlapping the Vychegda
moraine are dominated by epidote with an average con-
tent of from 26% in the northwest of the studied region
to 40% in the northeast; these variations are also char-
acteristic of the underlying Vychegda moraine: the epi-
dote concentration varies from 17 to 49% in the same
direction (Andreicheva, 2002). The HFY reaches
2.5% in some gravel—sand samples from the shallow-
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water facies on the Bol. Rogovaya River, and 47% of
heavy minerals is epidote. In the north of the region
(outcrop H-1) and in the Laya River basin, the heavy
fraction of limnic deposits is enriched in garnets
amounting to 21 and 19%, respectively. The leucoxene
content in the lake sediments increases eastwards,
which is also noted for the Vychegda moraine. The
leucoxene concentration is 5% on the Shapkina River,
increases to 8% in the valley of the Bol. Rogovaya
River, and reaches 18% in some sections, while the
siderite content is 10% in the area under consider-
ation. The elevated leucoxene content (9%, on aver-
age) in the Laya River sediments is likely related to the
fact that formation of the underlying Vychegda
moraine was considerably affected by the Timan
Ridge rocks enriched in leucoxene (Kochetkov, 1967).
The limnic deposits in the Laya River valley are distin-
guished by a high average magnetite content (7.5%). In
some sections, the amount of this mineral is “off the
scale” (up to 19%) for unclear reasons.

Byzovaya (Leningrad) interglacial Horizon (qubz).
It was established in the Chernaya and Vychegda river
valleys and in the Ilesha and Pinega interfluve area in
Borehole 21. The sediments of this horizon are com-
posed of bluish gray, occasionally brownish silt and
clay with inclusions of vegetable detritus and small
peat nests with plant roots. The sediments are not
laminated or they have an unclear stratification owing
to lenticular inclusions of light gray fine-grained dense
sand. They were studied by palynological analysis in
the far north in the outcrops of the Chernaya River
(Fig. 6) and in the south of the region in the Vychegda
River valley (Fig. 7). The seven identified vegetation
phases (Bz;—Bzy,;) correspond to the warming and
cooling periods (Marchenko-Vagapova, 2012; Andre-
icheva and Marchenko-Vagapova, 2014).

Bz; is an initial phase characterizing the initial stage
in development of the Byzovaya vegetation. The
spore—pollen spectra are dominated by non-woody
components: spores and herbs. Birch pollen domi-
nated by Betula sect. Nanae (up to 24%) plays the most
important role in the identified woody species. The
contents of coniferous species Pinus sylvestris and
Picea sp. are not high. As for the herbal plants, the
contents of gramineous and marshy plants are high at
a somewhat lower content of wormwood. Ephedra sp.
is rare. Sphagnum moss is predominant.

The vegetation composition reflects the existence
of rarefied sparse forests during this period with major
birch and minor pine and spruce. The abundant shrub
and herbal associations include marshy, gramineous,
and wormwood plants. The complex is indicative of
cooling and possible aridization of the climate.

Bz, is a phase of early warming. The content of
woody plants increases to 37—45% in the general com-
position of the spore—pollen spectra at a relatively
high content of spores and herbs. The woody species
are dominated by pollen of birch Betula sect. Albae (up
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to 65% in the north of the studied area). The content
of Betula sect. Fruticosae is low but constant at a deple-
tion in Betula sect. Nanae. The role of coniferous spe-
cies Pinus sylvestris and Picea sp. becomes more
important at an increasing content of spruce in the
northeastern direction. The spectra of the southern
section are characterized by rare and few pollen grains
of broad-leaved Tilia sp., Ulmus sp., and Corylus sp.
The herbal plants are dominated by Gramineae.
Green and sphagnum mosses and ferns are predomi-
nant. Osmunda cinnamomea is rare.

The spore—pollen complex is indicative of some
warming and wider occurrence of spruce—birch,
spruce—pine, and birch forest groups. The flora
includes both boreal and hypoarctic and xerophytic
periglacial components.

Bz, is a phase of early cooling. The general com-
position of the spore—pollen spectra is again domi-
nated by herbal pollen and spores. The content of Bet-
ula sect. Nanae increases (to 30% in some samples),
while the content of Befula sect. Albae and Betula sect.
Fruticosae decreases. The pollen contents of spruce
and pine gradually decrease in the complex and
become negligible in the north of the area. Wormwood
becomes more and more important again in the
herbal plants (up to 50%) at an abundance of pig-
weeds and a sporadic occurrence of gramineous
plants and sedge. Green and sphagnum mosses and
ferns are predominant.

The forest groups lost their dominant position and
were replaced by a sparse forest including birch, pine,
and spruce. Shrub and herbal associations of open
habitats became widespread in occurrence. Abundant
marshy—tundra species developed along with xero-
phytic communities including wormwood, pigweeds,
and gramineous plants. The climate was relatively cold
and humid.

Bz;y is a phase of moderate warming. The content
of woody species increases to 44% in the general com-
position of the spore—pollen complexes. Betula sect.
Albae (about 60%) is predominant, Betula sect. Fruti-
cosae (up to 25%) is somewhat less abundant, and
Betula nana is sporadic. Pollen of coniferous species
Picea sp. and Pinus sylvestris is noted. Some samples
contain pollen of broad-leaved species: elm, linden,
and hazel. The pollen composition of herbal plants is
relatively uniform in the south of the area. Pollen of
mesophilic miscellaneous plants is predominant.
Wormwood, pigweeds, and sedges are negligible,
whereas the contents of xerophytic periglacial flora
components become higher to the north. All samples
are dominated by sphagnum and green mosses. The
composition of ground pines is diverse.

In the region, birch forests occurred in abundance
along with spruce and pine. Free spaces were occupied
by meadows, as well as xerophytic periglacial commu-
nities. Marshes occupied considerable areas. The cli-
mate was relatively humid and cold.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25
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Bz, is a phase of late cooling. The general compo-
sition of the spore—pollen spectra is dominated by
spores and herbs. In the south of the area, the pollen
content of woody species decreases to 13%; in the
north, this pollen is either absent or present in negligi-
ble amounts. The species of the family Betulaceae (up
to 60%) are predominant among the trees. The conif-
erous species are minor. In the southern areas, pine
becomes more frequent in occurrence (up to 50%).
Artemisia is often predominant, and the contents of
gramineous plants and pigweeds are high at a low
sedge content. In general, the composition of miscel-
laneous plants remained almost unchanged relative to
the previous complex. Green and sphagnum mosses
are predominant.

The basic components of the vegetation cover likely
included thinned-out forest communities including
birch, pine, and sporadic spruce, and also diverse
shrub groups. The marshy—tundra species were wide-
spread along with xerophytic communities. The cli-
mate was cold, but relatively wet.

Bz, is a phase of late warming. The pollen contents
of woody species drastically increase (37%) in the gen-
eral composition of the spore—pollen spectra, despite
the predominance of sporophytes. The wood group is
dominated by birch pollen. The contents of coniferous
species become higher in the southern spectra, where
spruce is 26% and pine is 27%. The herbaceous plants
are dominated by gramineous plants. Sphagnum
mosses occur in abundance.

The vegetation cover was likely represented by var-
ious sparse forest groups: birch, birch—spruce, and
birch—pine in the south of the area and birch, pine,
and spruce sparse forests in the north. The climate was
warmer relative to phase Bzy.

Bz is a final phase characterized by the dramatic
cooling. The general composition of the spore—pollen
spectra is dominated by spores and herbs; the pollen
content of woody species becomes much lower or
wood pollen is completely absent. The wood pollen is
dominated by birch. The role of the coniferous species
becomes less important. The representatives of xero-
phytes are rare in occurrence (wormwoods and pig-
weeds), while gramineous plants are predominant.
Sporophytes are dominated by green and sphagnum
mosses. Selaginella selaginoides plants are sporadic.

The flora composition of that time confirms the
fact that the main components of the vegetation cover
included thinned-out birch forests and various
shrubby groups. Hygrophilous herbaceous associa-
tions, characteristic of the forest-tundra and tundra
zones, grew everywhere. Spiridonova (1989) believes
that such spectra are related to the final stages of the
Early and Middle Valday and are confined to the sed-
iments preceding the glaciation maxima.

Hence, the conducted studies of the spore—pollen
complexes of the Byzovaya sediments confirm the ear-
lier conclusion that the climate was interstadial in the
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Middle Valday time, much colder compared to the
current climate (Guslitser and Duryagina, 1983;
Andreicheva and Duryagina, 2005). The found Byzo-
vaya vegetation phases are analogous to the phases of
the Middle Valday interstadial sections in the Shap-
kina River basin (Arslanov et al., 1977) and the strato-
type section Grazhdansky Prospekt (Arslanov et al.,
1975; Spiridonova, 1983).

In the Byzovaya time, the July temperatures in the
north of the region were 10—14°C, thus being consis-
tent in general with the present-day temperatures. In
the south of the Republic of Komi, the temperatures
were the same (10—14°C), thus being colder by 2—6°C
than today. The amount of precipitation reached 350—
400 mm in the warm period and decreased to 200 mm
in the cold period.

The Byzovaya sediments were subjected to litho-
logical studies in the Chernaya and Vychegda river
valleys and in borehole 21 in the Ilesha and Pinega
interfluve area (Table 1). The degree of sorting of the
lake sediments is S, = 0.23—0.38; their average diame-
ter is highly variable: from 0.004 to 0.032 mm. The
total carbonation of the lake sediments is also not con-
stant, varying within a wide range from 4.8 to 8%.

A high content of heavy minerals (1.1%) is noted in
the Byzovaya sediments in the Vychegda River basin,
while on the Chernaya River, it is 0.31% (Table 2). The
basic components of the mineral spectrum include
epidote, amphibole, garnet, and siderite. But their
various contents are related to different mineral
assemblages of the heavy fraction: Chernaya River,
limonite (12%)—amphibole (13%)—epidote (26%)—
siderite (30%); and Vychegda River, siderite (16%)—
epidote  (19%)—amphibole  (23%)—pomegranate
(25%). The lake sediments of the Ilesha and Pinega
interfluve area are characterized by a garnet (15%)—
epidote (23%)—amphibole (45%) heavy mineral
assemblage.

CONCLUSIONS

In the Middle Neopleistocene, during the Chirva
interglacial, the regional climate was warm with two cli-
matic optima. The first optimum was characterized by a
warm and wet climate and development of spruce and
fir—spruce forests with sporadic pine and birch at 10%
of broad-leaved species. The second optimum was drier
and cooler, while broad-leaved and exotic trees grew
sporadically. The natural landscapes had the appear-
ance of tundra at the final interglacial phases.

The Rodionovo interglacial was also characterized
by two climatic optima. The first climatic optimum
was less wet than the first optimum of the Chirva
interglacial, but warmer and wetter than the Holocene
optimum. The second optimum was cooler and xero-
philic. At that time, the area was covered with dark
coniferous forests of the southern taiga type with
broad-leaved and exotic species. The following cli-
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matic deterioration was characterized by birch open
woods and then by tundra.

In the Late Neopleistocene, in the Sula period, the
vegetation of the climatic optimum was similar to that
of the southern taiga and was represented by ordinary
boreal species with broad-leaved components.

In the Byzovaya interstadial during warming, the
woody plants were dominated by arborescent birch
Betula sect. Albae in the north of the region. The role
of the coniferous species Pinus sylvestris and Picea sp.
was great, and the spruce content increased in the
northeastern direction. The pollen of the broad-leaved
species such as elm, linden, hornbeam, hazel, and
alder was rare in the spectra of the southern and north-
western sections in the area. Xerophytic flora compo-
nents were also present in the area in addition to boreal
flora components and bog and meadow plants. The
climatic conditions of the warming periods were simi-
lar to the present-day environment. As for the cooling
periods, the spore—pollen complexes were indicative
of forest-free landscapes. In the north, woody plants
became much rarer: they were either absent in the
complex or noted in small amounts. The basic compo-
nents of the vegetation cover likely included thinned-
out wood communities of birch—pine components
with rare spruce and diverse shrub groups of dwarf
birch and willow at a constant occurrence of Selagi-
nella selaginoides spores. That period, along with the
pollen of the tundra and forest-tundra plant species,
was marked by abundant pollen of xerophytes (worm-
woods and pigweeds). The climatic conditions of that
time were cold and dry.

The granulometric composition of the studied sedi-
ments was variable, which was likely due to formation in
different parts of the lake: subaquatic clay and silt were
deposited in a deep part of the lake, while sand and peb-
ble—gravel were accumulated in its shallower parts.

Despite some changes in the mineral composition
of the lake sediments depending on the area, it is rela-
tively uniform in the section. This phenomenon is
likely related to location of the drifting areas and uni-
form sedimentation conditions throughout the lake
stratum development. The mineral composition of the
lake sediments was formed largely owing to the mate-
rial of the underlying moraine deposits.
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