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Abstract: The sedimentary record of aeolian deposits and geomorphic features of the aeolian
landforms of Northern Eurasia contain important information that allows us to better understand
the climate and environments of the Late Glacial and Early Holocene periods. At the same time,
the degree of scientific knowledge about the timing of aeolian activity, as well as the landscapes that
existed during these periods, differs significantly for different parts of this vast territory. Data on the
sedimentological record and age estimations of aeolian phases are practically absent for the periglacial
zone of Western Siberia, in contrast to that of Europe. This paper presents the first data on the Late
Quaternary fluvio-aeolian environments of the southwestern part of Western Siberia, using two
sections as examples. Our methods included field investigations, analysis of grain-size and chemical
composition, quartz grain morphoscopy and infrared optically stimulated luminescence (IR-OSL)
and AMS dating. The obtained results show that aeolian sands are common covering deposits within
the study area. Two stages of aeolian activity were identified: the first during the Boreal period
(9.2–10.2 ka BP), and the second during the Atlantic period, beginning near 7 ka BP.

Keywords: coversands; Western Siberia; sedimentological record; IR-OSL dating; morphoscopy

1. Introduction

Ancient inland dunes and aeolian coversands occupy significant areas within the periglacial zone
of Northern Eurasia [1–4]. The sedimentary record of aeolian deposits, as well as the geomorphic
features of associated landforms, preserve information about the climate and landscapes of the Late
Glacial and Early Holocene periods [5]. Therefore, investigation of these natural archives can provide
valuable data that can be used for the identification of possible phases of aeolian activity and past wind
regimes [6,7].

The present level of knowledge about the timing and paleogeographical context of aeolian
sedimentation during the Late Glacial and Early Holocene periods varies significantly, depending on
the exact region of Northern Eurasia that is studied [8]. The highest degree of scientific exploration is
characteristic of the territory within Europe, where ancient inland dunes and aeolian coversands form
the so-called European Sand Belt, which stretches from the British Islands eastward into northwestern
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Russia [2,9,10]. Numerous studies on the stratigraphy, sedimentology, and paleosol archives of aeolian
deposits, as well as on the geomorphology and geographical distribution of aeolian landforms, have
been performed for different parts of the European Sand Belt, including Western Europe [1,11–26],
Central Europe [27–41], Eastern Europe [8,9,42–49], and Northwestern Europe [50–52], since the first
half of the past century. In contrast to the abovementioned regions of Europe, data on the Late Glacial
and Holocene aeolian activity for the territories of Asian Russia are very limited, although vegetated
ancient inland dunes and aeolian coversands are rather common within the boreal and subboreal zones
in these parts of the country. A number of research papers discuss questions related to the geographical
distribution and modern and buried soils of the ancient aeolian dunes of Northern Eurasia to the east
of Urals [3,4,53–65]. At the same time, only a few of these studies take into account questions related
to the sedimentology and stratigraphy of aeolian deposits, and data on the timing of aeolian events
and paleogeographical reconstructions for exact regions are practically absent. For example, ancient
vegetated dunes of Western Siberia are mentioned in a map in the INQUA Dunes Atlas chronologic
database [66], though no radiocarbon or luminescence dates are available for this vast territory.

One of the largest areas with the wide distribution of ancient aeolian deposits and adjacent
landforms in the southwestern part of Western Siberia is located within the territory of the Tura–Pyshma
interfluve. Vegetated inland dunes and coversands occupy high terraces of the Tyra and Pyshma rivers.
At the same time, aeolian deposits are absent in the legend of the Quaternary deposits map of the
Tyumen region (M 1: 200,000) and are mentioned in several regional reports [67].

Nowadays, the ancient aeolian landscapes of the Tura–Pyshma interfluve are experiencing the
intense anthropogenic effects of sand mining, recreational activities, and intensive urbanization.
Therefore, detailed studies of aeolian deposits can become the basis for the sustainable development of
these territories. It is also important to mention that areas occupied by ancient aeolian landscapes within
the Tura–Pyshma interfluve are characterized by a very high concentration of archeological monuments,
which prove their importance in the resettlement and migration of ancient populations [68]. In the
course of earlier studies, it was found that a characteristic feature of the spatial distribution of the Itkul
culture’s archeological sites in particular is their confinement to the aeolian relief of the second terrace
of the Tobol and Tura rivers [59]. Therefore, the understanding of geomorphological features and the
age of aeolian landforms is important for local archeological and paleoecological reconstructions.

This paper presents the results of studies devoted to the complex investigation of the covering
deposits within the eastern part of the Tura–Pyshma interfluve. The main objectives of the research
were (i) to analyze the stratigraphy and sedimentology of fluvio-aeolian successions; (ii) to estimate
the timing of aeolian activity for the territory under consideration; and (iii) to compare the obtained
results with the data on similar objects in other regions of northern Eurasia, as well as with local
paleogeographical reconstructions.

2. Materials and Methods

2.1. Geographical and Geological Settings

The geological and topographical context of the study area is available in Figures 1 and 2.
The Tura–Pyshma interfluve is a plain with absolute heights of the watersheds varying from 100
to 125 m [69] in its western part, while for the eastern part, the heights vary from 60 to 80 m [67].
A significant area within the interfluve is occupied by the fluvial terraces of the Tura and Pyshma
rivers. The covering deposits of this territory are represented mainly by quaternary deposits of the
Middle and Upper Pleistocene and Holocene periods. The Quaternary deposits occur on the eroded
surfaces of the continental Oligocene deposits, with the exception of the floodplain area of the Pyshma
River and steep slopes of the Tura River, where they lie on the Eocene clays of the Tavda Formation [70]
and have a fairly diverse lithological composition and genesis. Lacustrine-alluvial, alluvial, subaerial,
lacustrine-bog, and aeolian deposits are the most common deposits. The total thickness of Quaternary
sediments varies from 5–20 m on river floodplains to 10–30 m on watersheds. As it is clearly visible in
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Figure 1a, the aeolian sandy deposits are absent according to the relevant governmental geological
map [70], though they are rather common within the study area.
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Figure 1. Location of the study sites: (a) within the territory of Russia; (b) on the simplified map of
quaternary deposits of the Tura–Pyshma interfluve according to [70]; (c) a simplified cross section
between TK1 and TK2 sites according to [67,70] with some modifications, where: 1—covering aeolian
sands, 2—Holocene peat deposits; 3—poorly defined covering loess-like loamy deposits; 4—modern
alluvial deposits of floodplains (aIV); 5—alluvial deposits of the first floodplain terrace (aIII-IV); 6—Late
Pleistocene lacustrine and alluvial deposits of the Karginsky and Sartan horizons (laIIIkr+s); 7—Late
Pleistocene alluvial deposits of the third floodplain terrace, Kazantsevky and Ermakovsky horizons
(aIIIkz-e); 8—Late Pleistocene lacustrine and alluvial deposits of the Kazantsevky and Ermakovsky
horizons (aIIIkz+e); 9—Middle Pleistocene lacustrine and alluvial deposits of the Suzgunskaja sequence
(laIIsz); 10—Oligocene deposits of the Turtass and Kurtamysh formations (P3); 11—Eocene deposits of
the Tavda formation (P2).
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Figure 2. Topographic image of the study area (ALOS Global Digital Surface Model (AW3D30)).

According to the data presented in the regional report devoted to the ecological and geological
mapping of the studied territory, the aeolian landforms and deposits are widespread within the fourth,
third, and second surfaces above the floodplain terraces. The largest areas with aeolian relief are
confined to the peripheral areas of the Andreevskie Lakes, with the surface in the form of oriented
dunes with thicknesses of aeolian deposits up to 4–5 m [67].

The modern climate of the territory is continental, with the significant influence of the western
transfer of air masses. The average annual air temperature is 0.7 ◦C and the annual precipitation
is 524 mm. The zonal hemiboreal forests of the watersheds and high terraces, covered with
subaerial loess-like loams, are significantly transformed due to agricultural activities and urbanization.
The vegetation of the areas covered with aeolian sandy deposits is represented by pine forests. Long-term
pine forests are quite rare and pine forest plantations are widespread, due to high anthropogenic load,
clear cuttings, and frequent fires. The most common soils within the areas covered with aeolian sands
are Arenosols: Brunic Arenosols appear in interdune depressions or when coversands are underlined by
loams, whereas Albic Arenosols predominate on steep slopes and on top of dunes [71].

2.2. Study Sites and Sampling

The field expeditions, which took place in the field seasons 2015–2018, included sequential
examination of natural and anthropogenic outcrops (sand quarries), as well as route studies within
the territory of the Tura–Pyshma interfluve (Tyumen region, Russia) with pronounced aeolian relief.
The field studies were based on the results of analysis of space images, regional reports, historic and
topographical maps, and land surface observations with a drone. Two sections in representative
outcrops (TK1 and TK2) located in old sand quarries were chosen for detailed studies (Figure 1).

The first section (TK1) was located at a distance of 1.2 km to the north of the Mullashi village
(57◦017′276” N, 66◦077′786” E, absolute height 60.5 m a.s.l.). The second section (TK2) was studied
in an old overgrown quarry located at a distance of 12 km to the east of Tyumen (57◦098′324” N,
65◦884′395” E, absolute height 70 m a.s.l.), which was mined in the 1970s for the supply of railway
bridge construction with sand. The TK1 section is located in the southern part of the interfluve with
predominance of coversands, while the TK2 section is in the northern part with well pronounced
aeolian relief, represented by linear and sometimes parabolic dunes with average heights up to
10 m [54]. Therefore, the TK1 characterizes a subhorisontal surface with an aeolian sand mantle and
TK2, the central section of a dune. Field studies included the lithological description of deposits, with
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identification of texture and sedimentation structures according to [72]. Samples for sedimentological
and chemical analysis were collected by intervals from stripped walls, accompanying by the description
and photographing. Sediments from the following depths were selected for detailed studies: 0.5, 1.0,
2.0, 3.0, 3.5, 4.0, and 4.5 m from the TK1 section, and 0.5, 1.0, 2.0, 2.0′ (interlayer), 3.0, 4.0, 5.0, and 5.7 m
from the TK2 section.

One sample from section TK1 (depth of 3.5 m) and two samples from section TK2 (depth of 1.4 m
and 3.6 m) were collected by driving 50-cm-long thick opaque plastic tubes into cleaned walls of the
quarry outcrops. The walls that were chosen for infrared optically stimulated luminescence (IR-OSL)
dating were homogeneous and showed no signs of post-sedimentary disturbances. Plastic tubes
with samples for further studies were stored in dark and cool conditions prior to their arrival at
the laboratory. All preparations and measurements were performed at the Research Laboratory
for Quaternary Geochronology (RLQG) (Department of Geology, Tallinn University of Technology,
Estonia). One sample of organic-rich material was collected from a lens in a bottom part of TK2 profile
at a depth of 4.9 m.

2.3. Analytical Methods

Grain size analysis of sediment samples was performed on a vibrating screen Fritsch Analysette
3 Pro Vibratory Sieve Shaker (Fritsch, Germany) up to a fraction < 90 microns. The fraction < 90 µm
was analyzed on an Analysette 22 laser particle analyzer (Fritsch, Germany). Texture classes are given
according to the WRB [73]: very coarse sand (1000–2000 µm), coarse sand (500–1000 µm), medium
sand (250–500 µm), fine sand (125–250 µm), very fine sand (63–125 µm), and silt and clay (<2–63 µm).
Bulk chemical composition of sediments was analyzed using an ARL-9900XP XRF-spectrometer
(Thermo Fisher Scientific, Basel, Switzerland). Loss on ignition (LOI) values were determined by
igniting each sample at a temperature of 1000 ◦C and evaluating the weight loss.

Quartz grains from a fraction of medium sand (0.25–0.5 mm) were studied under a CM0870-T
binocular microscope (Altami, Russia) according to the method developed at the Institute of Geography,
Russian Academy of Sciences [74]. Investigation and photographing of grains in secondary electron
imaging (SEI) mode were performed using a JSM-6510LV scanning electron microscope (JEOL, Japan)
at the Analytical Center for multi-elemental and isotope research, SB RAS. The roundness of the grains
was determined according to the scale suggested by L.B. Rukhin [75] and a five-grade scale suggested
by A.V. Khabakov [76]. Then, roundness coefficients (Q) and the degree of surface dullness (Cm) were
calculated for each sample, according to the method proposed by A.A. Velichko and S.N. Timireva [74].
The following combination of techniques is in correspondence with the procedures for the preparation
and characterization of samples described by D.H. Krinsley and J.C. Doornkamp [77]. The surface
shape and heterogeneity of the grains were determined visually on a gradient ranging from glossy to
dulled. The same technique for the analysis of quartz were used in a number of papers devoted to the
aeolian sediments in the north and south of Western Siberia [3,78,79].

Feldspar-based infrared optically stimulated luminescence (IR–OSL) dating was performed at
the Research Laboratory for Quaternary Geochronology (RLQG), Department of Geology, Tallinn
University of Technology according to [43]. Accelerator Mass Spectrometry (AMS) C14 dating
of organic-rich material from the bottom part of TK2 section was performed at BINP SB RAS
(Novosibirsk). The radiocarbon dates were calibrated using the OxCal v4.3 software [80] and the IntCal
13 calibration curve.

3. Results

3.1. Lithological Characteristics of the Sections

The lithological scheme of the sections, with sampling intervals, is available in Figure 3 and in
Appendix A.
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f—fluvial unit.

Based on the results of field observations, it is possible to subdivide the section TK1 into several
complexes:

1. The lower fluvial complex in the bottom part of the section is composed of loose fine sand with
cross-stratification of medium sand and ripple thin lamination of very fine sand or silty material.
Sings of ferruginization correspond mainly to the zones with well pronounced lamination, while
Fe-Mn concretions are rather widespread within the whole complex;

2. The fluvio-aeolian complex in the middle part of the profile is composed of fine massive sand with
thin ripple-bedded lamination of silty material in the upper part of the unit and subhorisontal
lamination of coarse sand in the lower one. The contact with upper complex is pronounced
by a poorly preserved buried soil, likely Albic Gleyic Arenosol, marked by the presence of small
humified patches that, possibly, correspond to the [Ab] horizon which is underlined by patches of
bleached material that can correspond to the [Eb] horizon. Ferruginous zones occur as separate
patches within the lower part of the complex;

3. The upper aeolian complex is composed of dense fine well-sorted sands with massive structure
or horizontal stratification in the upper part of the strata and climbing ripple cross-lamination
or translatent stratification in the lower. Thin horizontal of ripple-bedding sediment laminae
are characteristic for the most part of the complex, especially for its middle and upper parts.
Laminae are likely related to modern pedogenic processes that affect the upper part of the section.
The upper part of the complex is significantly disturbed by the biogenic pedoturbations, as there
are clearly visible as patchy and vertical structures related to treefall related-pedoturbations and
pine root channels. In general, it is possible to divide the aeolian complex into two lithofacies: the
upper one with massive or horizontal stratified sand with thin well-pronounced lamination and
the lower one with cross or ripple-bedded sand with less defined stratification.

In section TK2, we can also define three complexes:

1. The lower fluvial complex is composed of fine sand with very thin ripple cross-lamination of silty
material and thicker ripple lamination of medium sand. The lower part of the complex contains
direct signs of vanishing channel flows of sand-bed braided river and deposition in proximal
zone of floodplain according to [72] and the upper part is characterized by the signs of rhythmics.
The upper part of the complex also contains thin lens-like interlayers with organic-rich material;
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2. The middle fluvio-aeolian complex composed of fine sand with subhorisontal very thick lamination
of silty material and very thin ripple or cross lamination of coarse sand material. The complex
has an uneven thickness, which is probably related with the transformation of the deposits by
erosional processes. As a result, the area is characterized by the higher differences of elevation due
to the pronounced dune relief. Thick lamination of this complex possibly indicates the unstable
character of sedimentation during the formation of these deposits;

3. The upper aeolian complex is rather short, in comprehension with the TK1 section. It is
composed with fine sands with massive structure and thin lamination. The whole complex is
strongly affected by pedogenic processes, pronounced by the presence of pedogenic lamellas and
biogenic pedoturbations.

3.2. Grain-Size and Bulk Chemical Composition of Studied Samples

The results of the grain-size composition analysis for both studied sections are presented in Table 1.
The predominant fraction in both sections is fine sand, the content of which varies from 57.98% to
81.19% in section TK1 and from 51.71% to 72.42% in section TK2. The content of medium sand varies
in the range of 8.35%–22.21% in the first section and from 10.28% to 28.86% in the second one. There is
a tendency towards an increase in the proportion of medium sand in the middle and lower parts of
both sections. The distribution of coarse sand with depth along the sections is non-uniform and the
highest proportion of this component likely corresponds to the presence of individual interlayers with
more coarse material, than with the textural properties of the whole layer, as is clearly visible in section
TK2 at the depth of two meters. The fraction of very coarse sand is practically absent in the TK2 section
and in the TK1 section its content was lower than 1% for all studied samples. The content of very fine
sand varies significantly with depth in both sections: from 5.26% to 11.26% in the first section and from
1.74% to 17.70% in the second section. The content of silt and clay in sediments of section TK1 is very
low: less than 1% for all studied samples. At the same time, in the second section (TK2), these values
vary from 0.58% to 5.52%. The results of the texture analysis of sediments from the studied sections
showed that section TK1 is more uniform in terms of grain-size composition. At the same time, it is
important to note that middle and upper parts of both sections have high proportions of fine and very
fine sand.

Table 1. Grain-size composition (%) of the studied sections.

Section Depth, m Very Coarse
Sand

Coarse
Sand

Medium
Sand Fine Sand Very Fine

Sand
Silt and

Clay

TK1

0.5 0.43 4.43 16.78 71.29 6.56 0.51
1.0 0.34 2.39 8.35 81.19 7.64 0.09
2.0 0.15 4.88 21.14 65.03 8.65 0.17
3.0 0.04 1.04 12.56 75.04 11.19 0.14
3.5 0.77 7.31 22.21 57.98 11.26 0.50
4.0 0.69 6.56 17.23 70.20 5.26 0.08
4.5 0.07 2.50 20.05 66.29 10.80 0.30

TK2

0.5 0.00 1.72 10.28 64.77 17.70 5.52
1.0 0.00 2.22 17.66 72.42 6.14 1.56
2.0 0.00 18.76 26.97 51.71 1.74 0.82
2.0′ 0.00 1.74 25.00 67.28 5.28 0.70
3.0 0.00 0.48 28.17 62.09 7.12 2.14
4.0 0.00 0.66 20.56 70.84 7.10 0.84
5.3 0.00 4.78 28.86 60.92 4.86 0.58
5.7 0.00 1.68 28.84 60.82 7.22 1.44

The results of XRF analysis of ten major oxides in the studied samples are presented in Table 2.
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Table 2. Bulk chemical composition (%) of studied sections.

Depth, m SiO2 Al2O3 Fe2O3 K2O Na2O CaO TiO2 MgO MnO P2O5 LOI SUM

TK1 Section
0.5 90.07 4.92 0.74 1.18 1.00 0.84 0.22 0.19 0.02 0.03 0.42 99.61
1.0 89.70 4.89 0.66 1.18 1.02 0.74 0.21 0.17 0.02 0.02 0.34 98.95
2.0 90.26 4.76 0.70 1.14 1.00 0.77 0.21 0.17 0.02 0.03 0.23 99.29
3.0 89.89 5.11 0.71 1.24 1.13 0.77 0.19 0.18 0.01 0.02 0.29 99.55
3.5 89.69 4.84 0.70 1.16 1.09 0.82 0.33 0.17 0.02 0.02 0.34 99.18
4.0 90.60 4.76 0.63 1.13 1.04 0.75 0.22 0.14 0.02 0.02 0.40 99.70
4.5 89.39 5.14 0.64 1.29 1.12 0.77 0.23 0.16 0.02 0.02 0.42 99.18

TK2 Section
0.5 87.73 5.89 0.92 1.38 1.33 0.89 0.41 0.23 0.02 0.03 0.58 99.42
1.0 88.25 5.43 0.93 1.30 1.22 0.87 0.35 0.23 0.02 0.03 0.57 99.20
2.0 87.49 5.90 1.24 1.29 1.11 0.79 0.31 0.28 0.03 0.03 1.05 99.51
2.0′ 88.21 5.75 1.01 1.31 1.17 0.83 0.33 0.25 0.02 0.02 0.80 99.71
3.0 87.56 5.63 1.03 1.33 1.15 0.79 0.33 0.25 0.03 0.02 1.01 99.13
4.0 87.07 5.83 1.11 1.42 1.15 0.79 0.36 0.27 0.03 0.03 1.11 99.16
5.3 87.38 5.84 1.14 1.42 1.12 0.79 0.38 0.27 0.03 0.03 0.98 99.37
5.7 87.33 5.75 1.13 1.38 1.16 0.82 0.40 0.26 0.03 0.03 1.10 99.38

The high proportion SiO2 is typical for both sections. The content of SiO2 in the TK1 section is
close to 90% for all studied samples, whereas in the TK2 section, these values vary in a very small
range from 87.07% to 88.25%. The content of Al2O3, as well as Fe2O3, K2O, and Na2O, in sediments of
section TK2, is slightly higher than that in the first section. This fact is in agreement with the results
of grain-size composition analysis, which showed a higher proportion of fine fractions (silt and clay)
in sediments of this section. Therefore, the higher proportion of these oxides is probably related to
the higher proportion of clay minerals and feldspars. The content of CaO in sediments from both
sections does not exceed 1%. In general, a uniform distribution of most oxides can be observed for
both sections. At the same time, it is interesting to note that there is a small increase in the content
TiO2 and CaO and a small decrease in the content of Al2O3 at a depth of 3.5 m in section TK1, and the
increase in the content of Fe2O3 with depth in section TK2.

In total, we can conclude that the deposits within the studied sections are homogenous in terms
of texture and major oxides distribution. These parameters are not very useful for their stratification,
though the absence of contrast indirectly indicates that sources of material were rather stable and
depositional process was mainly related to the reworking and redeposition of the local material.

3.3. Sand Quartz Grain Morphoscopy and Morphometry

Morphometric properties of quartz sand-grains from sections TK1 and TK2 are presented in
Table 3. SEM photographs of quartz grains from layers, representing different environments of the
studied sections are available in Figures 4 and 5.

Table 3. Morphometric properties of the quartz sand-grains from studied sections.

Section Depth, m Q 1, % Cm2, % Section Depth, m Q 1, % Cm2, %

TK1

0.5 78.5 65.5

TK2

0.5 77.5 57.0
1.0 64.0 64.5 1.0 72.5 53.0
2.0 78.0 72.5 2.0 86.0 57.0
3.0 78.0 66.0 2.0′ 82.5 53.0
3.5 84.0 64.0 3.0 78.5 47.0
4.0 75.5 41.0 4.0 79.0 50.5
4.5 73.5 46.5 5.3 80.5 54.0

5.7 76.0 54.0
1 roundness coefficient; 2 degree of surface dullness.
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section: (a) half-matte grain with small-pitted and micro-pitted surface structure and conchoidal 

fractures; (b) glossy grain with micro-pitted surface and visible traces of chemical weathering; (c) half-

matte grain with fine-pitted and micro-pitted surface structure; (d) matte grain with micro-pitted 
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Figure 4. SEM photographs of representative quartz grains from different complexes of the TK1 section:
(a) rounded matt grain with micro-pitted surface; (b) chemically weathered grain; (c) micro-pitted
chemically weathered surface; (d) half-matted grain with signs of both pit and micro-pitted surface
structure; (e) half-matted grain with micro-pitted surface structure and signs of mechanically induced
features; (f) matte grain with signs of etching and both fine-pitted and micro-pitted surface structure;
(g) half-matted etched grain with fine-pitted surface structure; (h) and (i) glossy grain with fine-pitted
surface structure.
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Figure 5. SEM photographs of representative quartz grains from different complexes of the TK2 section:
(a) half-matte grain with small-pitted and micro-pitted surface structure and conchoidal fractures;
(b) glossy grain with micro-pitted surface and visible traces of chemical weathering; (c) half-matte grain
with fine-pitted and micro-pitted surface structure; (d) matte grain with micro-pitted surface; (e) glossy
grain with V-shaped and crescentic marks; (f) surface with V-shaped and crescentic marks; (g) glossy
grain with micro-pitted surface structure; (h) half-matte grain with micro-pitted surface structure and
crescentic marks; (i) half-matte grain with fine-pitted surface structure and crescentic marks.

According to the data resulting from the morphoscopy and morphometry of sand quartz grains,
the deposits of the TK1 section can be conditionally subdivided into several units that formed in
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different sedimentary environments. The upper part of the section (depth intervals 0–3 m) was likely
formed as a result of the eolian transfer of sandy material, as indicated by the high values of the
roundness coefficient and the degree of dullness of grains from these layers, as well as by the presence
of a micro-pitted surface on most grains and traces of mechanical interaction of grains (furrows, pits,
scratches), which probably formed during their movement at high wind speeds in the near-surface
layer due to saltation or drag [81,82]. Micro-pitted texture is formed as a result of grains impact
with each other during the transportation in air flow [74,77]. During the post-depositional period,
these sediments were subjected to relatively strong processes of chemical weathering, with many
grains displaying dissolved surfaces and the etching of quartz to varying degrees in weak zones and
microstructural units. The above-mentioned features are likely related to pedogenic processes [83].
The presence of such signs of fluvial transport as V-shaped and crescentic percussions and fine-pitted
texture [77,81] on a number of grains, along with the observation of microwelling superimposed on
them, indicate that the material was blown out of the river valley. Sand from the middle part of
the strata (depth interval 3.5 m) has signs of formation under conditions of alternating depositional
environments. It contains grains with signs of both fluvial and aeolian transport, as well as fluvial
grains, the surface of which has been processed under air conditions. Quartz grains from the unit
representing the bottom part of the section (depths of 4 and 4.5 m) have features, showing signs of
fluvial processing and epigenetic weathering. The transfer of grains in water flow is indicated by the
high value of the roundness coefficient, low values of the degree of dullness and the predominance of
grains with glossy and quarter-matte surfaces with fine-pitted texture [84].

Therefore, we can conclude that the upper part of the section was formed under subaerial
conditions, predominantly by aeolian processes, the middle part was formed in alternating depositional
environments and the lower part of the section is of fluvial origin, with sediments having accumulated
under conditions of a calm, slow flow.

When discussing the properties of quartz grains from section TK2, it is possible to mention that
high roundness ratios, moderate degrees of dullness, the absence of untreated grains, and a low content
of poorly rounded grains are typical of the entire stratum (Table 3; Figure 6).
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Figure 6. Distribution of quartz sand-grains from sections TK1 and TK2 according to roundness and
dullness, where (1) is glossy, (2) is quarter matted (slightly dulled), (3) is half matted (medium dulled),
(4) is matted; 0, I, II, III, IV are grades of roundness according to the scale of Khabakov [76].

The roundness coefficient values and the degree of roundness along the section exhibit insignificant
changes. A micro-pitted surface is most characteristic of matte grains. V-shaped and crescent-shaped
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percussions, as well as a fine-pitted surface, are found on grains, regardless of the degree of surface
dullness. Micro pits are often associated with micro-grooves. In all layers, there are signs of both aeolian
transport, expressed in the form of micro-pits, often developed along protruding parts of the grains,
and signs of aquatic transport in the form of a fine-pitted surface, crescent, and V-shaped depressions.
In the upper part of the section (depth intervals between 0.5 and 1 m), most of the grains bear signs of
transportation by wind. There is also an overlay of micro-pits on the signs of fluvial transport, though
the layer was formed with a predominance of aeolian processes. The presence of grains with signs of
fluvial transport is most likely associated with the close transport and input of material from the river
valley [81]. Grains with signs of aeolian and fluvial processing are equally found in the middle part of
the section (depth interval of 2–4 m). Based on the distribution of these microrelief elements, together
with high roundness coefficient values and average values of the degree of dullness, it can be assumed
that the formation of these deposits occurred in alternating fluvial/aeolian depositional environments.
Despite the relatively high values of the degree of dullness and the predominance of dulled grains
in the bottom of the section (depths of 5 and 5.7 m), the morphoscopy of quartz grains indicates an
accumulation of deposits due to transport in a fluvial environment.

3.4. IR-OSL Dating

The IR-OSL results and radioactivity data for the samples from sections TK1 and TK2 are presented
in Table 4. The age estimation of the sediments showed that the aeolian sedimentation within the study
area took place in the first half of the Holocene period. In section TK1, the dating of the sediments at
3.5 m (the bottom part of the strata, formed under conditions of intensive aeolian processes) made it
possible to conclude with a high degree of reliability that the sample RLOG 2444-057 7.0 ± 0.5 ka in age
corresponds to the Atlantic period (8-5 cal. 14C ka BP). The IR-OSL dates from section TK2 showed
that sediments from the bottom part of aeolian unit (1.4 m) have an age of 9.2 ± 0.6 ka (RLOG 2569-128),
and below at a depth of 3.6 m in the layer underlining the transitional fluvio-aeolian complex, its age is
10.2 ± 0.6 ka (RLOG 2570-128). The organic-rich material from the lens in the bottom part of the profile
(depth of 5.3 m) show the following AMS age estimation: 20.6 ± 0.2 ka cal BP (B1NP_NSU_1329),
which corresponds to the period of last glaciation (MIS 2).

Table 4. IR-OSL results and radioactivity data for the samples from sections TK1 and TK2.

Section Depth, m U, ppm Th, ppm K, % P, Gy IR-OSL Age, ka

TK1 3.5 0.39 1.40 0.87 13.3 7.0 ± 0.5
TK2 1.4 0.49 1.85 1.01 19.2 9.2 ± 0.6
TK2 3.6 0.34 0.77 1.09 20.8 10.2 ± 0.6

U, Th, and K are the uranium, thorium, and potassium content in the sediment as determined from laboratory
gamma spectrometry; P is the paleodose.

4. Discussion

4.1. Interpretation of Possible Depositional Condtions of the Studied Sections

The results of the field and analytical give us an opportunity to suggest that the studied sections
are characterized by a similar structure, which was reported for other territories of periglacial Northern
Eurasia with wide distributions of coversands and dune fields [38,46], as well as for the more eastern
regions of the Western Siberia that correspond to the same latitude [58,65]. The deposits in the bottom
parts of both sections (fluvial complex) likely reflect the conditions of water transport which is proved
by the signs of rhythmics in the TK2 site, as well as by the sand quartz grain morphology. The presence
of material with both singes of fluvial and aeolian transport in the bottom part TK2 can be interpreted
as a result of high aeolian activity under the cold dry climate in the Periglacial zone of the Western
Siberia [3]. Such conditions were favorable for deposition of material that was actively transported
by wind in the river valley and its further redeposition by ephemeral and/or seasonal flow [85].
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The obtained results are in good agreement with findings of aeolian material in periglacial alluvium
deposits of the European region [85,86]. The middle fluvio-aeolian complex can be interpreted as
alternating depositional environments [85]. As a result of quartz grains morphoscopy, it is possible to
conclude that grains with signs of aeolian and fluvial processing are equally found in the transitional
units of both sections. In section TK1, the border between this and upper complexes is outlined by
the presence of poorly preserved paleosol, which is a good stratigraphic marker [33], that signs the
start of predominantly aeolian sedimentation. Due to the low thickness and degree of preservation, its
indisputable interpretation is rather difficult. The deposits in the middle complex of the TK1 section
have signs of gleiing and periodic water-logging (ferruginous patches, Fe-Mn nodules), while the
deposits in the middle complex of the TK2 section represent alternation of phases with predominantly
aeolian deposition of more fine material and episodic phases of subaquatic sedimentation under
conditions of shallow flows. The upper aeolian complexes, though they significantly differ in terms of
thickness, are both composed of massive well-sorted sands with thin lamination. The quartz grains
of these complexes are characterized by high values of the roundness coefficient and the degree of
dullness, which is typical for aeolian sandy deposits [74].

It is important to mention that although both sections characterize fluvio-aeolian successions,
the thicknesses of individual complexes; the age estimates, marking the activation of aeolian activity;
as well as the textural features of sediments, representing two studied sections show some differences.
These discrepancies are likely explained by the peculiarities of the geomorphology and topography
of the Tura–Pyshma interfluve. The southern part of the interfluve is characterized by significantly
smaller absolute heights. Therefore, this territory is strongly affected by the fluvial process of the
Pyshma and Duvan rivers, as well as by the water level oscillations of the Andreevskie Lakes. Thus,
it is possible to suggest that aeolian sedimentation became predominant in the higher northern part
of the interfluve earlier during the Boreal period, and much later for the southern, lower part of the
interfluve within the fluvial terraces of the Pyshma River. The presence of grains, with signs of fluvial
transport in the deposits of the aeolian complex of the TK2 section, indirectly indicates that aeolian
sedimentation in the beginning of the Holocene affected well-drained areas with high absolute heights,
although fluvial processes were predominant within a large territory.

4.2. Comprehension of the Obtained Results with Data for Europian Region and Local
Paleogeographical Reconstructions

The study results showed that there were two periods of aeolian activity within the study territory:
one during the Boreal period, and the other, characteristic of the peripheral parts of the interfluve,
during the Atlantic period. The first period is probably related to the main phase of intensive aeolian
activity that took place with some regional variances in Central and Eastern Europe during the
Younger Dryas, Preborial and the beginning of the Boreal periods [37,87] and in the Tomsk Priobye
region in Western Siberia [65]. In the eastern sector of the Western Siberia, this phase probably began
earlier, because of significant differences in the topography (absolute heights) and air mass circulation.
The second “local” period of aeolian activity, related to the Atlantic period, was much less pronounced
in Europe, where it corresponded to a period of dune stabilization. Furthermore, some studies mention
phases of moderate aeolian activity during this time [88]. Aeolian sedimentation during the Atlantic
period probably occupied relatively small areas near river valleys, during a relatively short time in
the middle of that period. Therefore, this ‘local’ phase of aeolian sedimentation did not result in the
formation of large dune fields. This can also be explained as a consequence of previous high-water
levels and a humid climate during the early Atlantic period, which resulted in the accumulation of
large amounts of fluvial sandy material within the floodplain, as well as the further draining of these
surfaces during a short period of climate aridization or due to intensive meandering of rivers.

The study results are in good agreement with regional paleogeographical reconstructions
developed on the basis of the cores taken from lacustrine sediments of Lake Kyrtyma and peat
deposits of Oshukovskoe bog [89]. According to this research, the first phase of aeolian activity
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corresponded to warming conditions and a gradual decrease in moisture during the Boreal period
(10.2-9.2 cal. 14C ka BP) and the second phase corresponded to a period with warm conditions,
an unstable moisture regime with drying-out conditions and tendency towards shallowing water
bodies [89].

The obtained results give an opportunity to rethink the distribution of aeolian deposits in the
SE of Western Siberia. At the same time, accurate conclusions on the chronology of fluvio-aeolian
successions and existing sedimentary environments require high-resolution dating of a number of
sections and more specialized sedimentological studies.

5. Conclusions

The following statements can be considered as the main results of the study:

1. Aeolian sandy sediments are a significant component of the Late Quaternary strata within the
Tura–Pyshma interfluve, although they are not mentioned on regional geological maps.

2. Aeolian sedimentation within the study area played a major role in the process of relief formation
during the Early Holocene. Moreover, in terms of the accumulation of material over the entire
area of the territory under consideration, the role of aeolian processes was significant.

3. The sedimentary successions of both studied sites have a threshold structure: aeolian,
fluvio-aeolian, and fluvial complexes, which is supported by the results of sedimentological
studies. At the same time, there are differences in the thickness of individual complexes and their
sedimentary features between the studied sections, which are likely related to the differences in
the geomorphological context of these sites.

4. Active processes of aeolian sedimentation within the study area were observed in the Holocene
period. There are at least two periods of aeolian activity: 10.2–9.2 ka, in the Boreal period, and at
nearly 7 ka, during the Atlantic period. In this area, the study results are in good agreement with
the results of local paleogeographic reconstructions based on the investigations of lacustrine and
peat cores.

5. The timing of the aeolian activity within the study turned out to be significantly younger
than previously thought. This fact should be considered in local archeological and
paleoecological reconstructions.
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Appendix A

Table A1. Brief lithological characteristic of studied sections.

Layer Thickness, cm Lithological Description

TK1
1 0–40 Thin Bw/Bc horizon of a modern soil (Brunic Arenosol)
2 40–85 Brownish medium-grained loose sand with horizontal layering and thin lamellas

3 85–170 Brownish medium-grained loose sand with horizontal or curvy layering and
ferruginous interlayers

4 170–230 Brownish grey medium-grained dense sand with horizontal or cross-bedding and
well-pronounced ferruginous interlayers

5 230–345 Brownish grey medium-grained dense sand with horizontal or cross-bedding

6 345–367 Brownish grey medium-grained loose sand with no pronounced lamination,
heterogeneous due to ferruginous patches and interlayers with organic-rich material

7 367–425
Glaucescent brownish grey medium-grained dense sand with interlayers of

coarse-grained sand and horizontal layering. Heterogeneous due to ferruginous
patches, nodules and interlayers with organic-rich material.

8 425–500 Glaucescent grey medium-grained dense sand with horizontal layering or
cross-bedding. Heterogeneous due to ferruginous patches and nodules

TK2
1 0–20 Bw horizon of a modern soil (Brunic Arenosol)

2 20–60 Light brown fine-grained sand with thin horizontal layering, remnants of roots,
organic-rich patches (Cox horizon of Brunic Arenosol)

3 60–130 (360) Brownish fine-grained loose layered dense sand with interlayers of dense
ferruginous sand 2 cm thick

4 130–240 (360) Brownish fine-grained loose layered dense sand with light brown and dark brown
dense thick interlayers

5 240–560
Light brown fine-grained sand with curvy bedding and interlayers of

medium-grained sand and manganese neoformations. Lenses with organic-rich
material

6 560–595 Light brown fine-grained loose sand with curvy bedding and interlayers of
medium-grained sand
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8. Kalińska, E.; Kot, R.; Krievāns, M. Adding Another Piece to NE European Aeolian Sand Belt Puzzles:
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The Late Glacial pedogenesis interrupted by aeolian activity in Central Poland—Records from the Lake
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