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Baer knolls (BK) are elongated ridges often close to the sub-latitudinal orientation sometimes spatially iso-
metric that are widespread in the entire Northern Caspian Region up to 0 m a.s.l. (the upper limit of the Late
Khvalynian sea transgression). The goal of this study was to establish the genesis of BK based on interpreta-
tion of textural and lithologic characteristics of sediments and dating the material composing these land-
forms. Research has led to the following conclusions that BK have been formed during the transition of Late
Khvalynian and Early Holocene time. Sediments of BK consists of three lithofacies (LF1, LF2, LF3). Choc-
olate clay (CC) and Volga alluvium were significant sources of material for knolls formation. Nonetheless, for
lithofacies 1, it was also sandy material lying below the CC. The BK material cannot be attributed to the ae-
olian genesis because of its lithological, faunal and geochemical characteristics. The knolls formed in brack-
ish subaquatic conditions of the lagoon f loor, where a low-energy currents occurred due to the descent of Late
Khvalynian basin waters through the Manych Strait. Thus, BK are analogues of river bedforms appearing as
the result of turbulent f low, like ripples and river dunes, where, in concordance with the accumulation of san-
dy material and detritus of redeposited shells, clay particles were deposited under the mixing of the brackish
water of the lagoon and the fresh water of the rivers f lowing into it.

Keywords: Late Pleistocene, the Caspian Sea, underwater bedform accumulation, Khvalynian time, Stratig-
raphy, the Volga Delta
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INTRODUCTION
Baer knolls (BK) are landforms named after a

member of the Russian Geographical Society, Carl
von Baer, who described its morphometrical charac-
teristics and origin for the first time (Baer, 1856). The
study of these landforms dates back to more than
150 years (Pravoslavlev, 1929; Yakubov, 1952; Svitoch,
Klyuvitkina, 2006; Badyukova, 2018; Lavrushin et al.
2019). Researchers interpret the material composing a
particular landform, the features of its spatial distribu-
tion and orientation very differently. The aeolian ori-
gin is the most popular among the scientific commu-
nity (Fedorovich, 1941; Volkov, 1960; Leontyev and
Foteeva, 1965; Belevich, 1979; Kroonenberg et al.,
1997). There are also f luvial, deltaic, (Pravoslavlev,
1929; Zhukov, 1935; Doskach, 1949; Yakubov, 1952),
marine, including interference of longshore currents,
surges-drives phenomena (Berg, 1908; Britzina, 1955;
Nikolaev, 1955; Zhindarev et al., 2001; Svitoch and
Klyuvitkina, 2006; Rychagov, 2009), tectonic (Aris-

tarkhova, 1980; Leonov and Lavrushin, 1995;
Lavrushin et al., 2019) and permafrost hypothesis
(Ryabukha, 2018). The article summarizes all the cur-
rent views that are complemented by an extensive bib-
liography and presents scrupulous results of various
analyzes, mainly based on the research of the Lower
Volga Region and its delta.

The relevance of this research is in studying Baer
knolls as landforms dated back to the Late Khvalynian
stage of the Caspian Sea transgression as a key to re-
constructing the history of the Caspian Region, and
environmental features that existed on its shores
during the Late Pleistocene – Holocene transition.
BK are a natural heritage of the landscape that existed
close to the Caspian Sea.

The Caspian Lowland was chosen as a study area
because of a large volume of published material, cov-
ering several key sections along the Volga River Region
and peripheral territory. Baer knolls are relict land-
forms but are remarkably well-preserved in the studied
landscape. The research objective is a detailed study of
the internal structure of the Baer knolls and their lith-
ological features for a more reliable interpretation of
their genesis. It will help to clarify the history of the
Caspian Sea f luctuations during the Late Pleistocene
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and Early Holocene. The main problem of this re-
search is incomplete and often ambiguous data.
The article aims to revise the previous interpretations
presented by various researchers on the proposed gen-
esis by receiving new data based on modern methods
as a supplement to an earlier publication (Badyukova,
2018). For the first time, result of X-ray f luorescence
analysis of sediments from several Baer knolls at the
Volga Delta is presented.

SITE INFORMATION
Caspian Sea setting and palaeogeography. The Cas-

pian Sea is the largest inland water basin on Earth,
which occupies 378400 km2 and contain more than
78000 km3 of water (Svitoch, 2014). The water catch-
ment area is up to 3.6 million km2. The present surface
elevation of the Caspian Sea is – 27 m below sea level
and the average depth is 180 m. The average salinity of
the Caspian Sea is 12.7‰, that varies between 1–3‰
near the Volga River Delta to 20.3‰ in the Balkhan
Gulf. The basin is subdivided into three sections,
North, Middle and South. The area of the North Cas-
pian basin is 95000 km2 with an average depth of 5 m
and contain only 1% of the total water volume of the
basin. River discharge into the North Caspian basin
contributes 88% of total inflow to the basin (Svitoch,
2014).

During the Pleistocene, several transgressions (Ak-
chagylian, Apsheronian, Bakunian, Urundzhikian,
Early Khazarian, Late Khazarian, Hyrcanian, Early
Khvalynian, Late Khvalynian and Novocaspian) and
regressions (Tyurkyanian, Chelekenian, Singilian,
Chernoyarian, Atelian, Enoetaevkian and Mangysh-
lakian) of the Caspian Sea occurred (Svitoch, 2014;
Krijgsman et al., 2019). The Caspian Sea and the
Black Sea were connected through the Manych pas-
sage during large transgression events (Fedorov, 1957;
Svitoch, Yanina, 1997).

Geographical and geological setting. The Baer knolls
area is located in the southeast part of the Northern
Caspian Lowland occupying a south part of the Lower
Volga River region, its Delta, the south-part of the
Ural River Delta and a small area in north-west Cas-
pian Lowland (fig. 1). The Baer knolls area covers ap-
proximately 55.5 km2 and is limited by 0 m asl contour
line.They are elongated ridges often close to the sub-
latitudinal orientation, sometimes spatially isometric.
Ridges 3–10 m in height are spread throughout the
Caspian lowland from the Emba River mouth on
the eastern coast to the mouth of the Kuma River on the
western coast of the Caspian Sea. Baer knolls have not
been identified anywhere above the upper limit of the
Late Khvalynian transgression (0 m asl).

In the Northern Caspian Region, the stratigraphy
of Quaternary deposits in the study area is represented
by the Bakunian, Khazarian, Atelian, Khvalynian and
Novocaspian regional horizons (Fedorov, 1957; Svi-

toch, Yanina, 1997; Svitoch, 2014; Zastrozhnov et al.,
2018). The marine deposits are predominated with an
exception of Atelian sediments, which are represented
by loess (Fedorov, 1957). The Baer knolls deposits are
presented by Khvalynian sediments. The Khvalynian
horizon corresponds to one of the largest transgression
events in the Caspian Sea during the Pleistocene,
when the sea level of the Khvalynian basin reached
+45–50 m asl and occupied an area of 872000 km2

(Fedorov, 1957; Aladin, Plotnikov, 2006; Svitoch,
2014).

The Khvalynian horizon is presented by the Lower
Khvalynian and Upper Khvalynian sub horizons di-
vided by Enotaevkian continental layer that corre-
spond to eponymous regression event of the Caspian
Sea (Svitoch, 2014).

MATERIAL AND METHODS

Field investigation. This study is based on interpre-
tation of remote sensing data (satellite imagery and
DEM SRTM arc-second global 1) and field investiga-
tions of the Baer knolls carried out in 2017–2019 in the
Lower Volga River Region. We selected the group of
knolls, where artificial and natural outcrops were
identified (tabl. 1). Textural and lithological features
of the Baer knolls were described during the detailed
geomorphological investigations, based on a compre-
hensive interpretation of BKs position and landform
configuration.

Sedimentological and geochemical analysis. Three
lithofacies (LF) based on sedimentary structures and
visual characteristics were identified during the inves-
tigations of the Baer knolls deposits in the Volga River
Delta. Fifty samples for sedimentological analysis
were collected from Yaksatovo (18), Mirnii (14), Nar-
tovo (8), and Troitsky (10) knolls using a mini shovel.
Seven samples for lithofacies 3, seventeen for lithofa-
cies 2 and twenty-six for lithofacies 1. That BK possess
three lithological formations (lower lithological for-
mation (lithofacies 1), upper lithological formation
(lithofacies 2), and chocolate clays (CC, lithofacies 3).
However, in some BK there are only lithofacies 2, due
to erosion of the lithofacies 1. All samples were dried
at 50°C for 3 hours and then pretreated with 10% hy-
drochloric acid (HCl) and hydrogen peroxide (H2O2)
to remove carbonates and organic particles. To avoid
coagulation, sodium pyrophosphate 5% (Na4O7P2)
was added into samples as a dispersion agent. Grain-
size analysis for prepared samples (<1 mm) was con-
ducted using Laser Diffraction Particle Size Analyzer
Fritsch Analysette 22. The measurements were carried
out with two lasers in the range from 0.8 to 2000 μm
three times for 4 minutes each. Grain-size classes were
presented according to Kachinskiy classification with
limits by <1 μm, 1–5 μm, 5–10 μm, 10–50 μm, 50–
250 μm, and 250–1000 μm (Kachinskiy, 1965). The
sample analysis with using of sieves set (1000–
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2000 μm) showed the absence of fraction larger
1000 μm. Textures were determined using high-reso-
lution photographs. Sedimentary bedding and deposi-
tional environments were defined according to
L.N. Botvinkina (1962) and Reinek and Singh (1981).
Major elements (TiO2, CaO, Al2O3, SiO2, Fe2O3,
K2O, MgO) were identified in 20 samples using induc-
tion-coupled plasma atomic emission spectrometry
(ICP-AES).

Macrofaunal analysis. Twenty-five sediment sam-
ples containing mollusk shells were collected from in-
vestigated knolls (Yaksatovo, Mirnii, Nartovo, and
Troitsky). Mollusk shells were extracted, measured,
and then photographed. Sediment samples (1 kg) con-
taining detritus were rinsed and then sieved using
1 mm mesh. Mollusk shells were selected for radiocar-
bon dating. 

Radiocarbon dating. Mollusks shell samples of Di-
dacna protracta, D. parallella, D. praetrigonoides,
Monodacna caspia, Dreissena polymorpha were dated
in a Radiocarbon dating laboratory at the Saint Peters-
burg State University (Russia, lab. index LU) accord-

ing to scintillation technique (Arslanov, 1987). Radio-
carbon ages were calibrated using CALIB 8.1. software
(http://calib.org/calib/) and IntCal20 calibration
curve (Reimer et al., 2020) with standard deviation 2σ.
In table 2 below, in addition to the authors' own re-
sults, the calibrated dates obtained earlier are given
(Svitoch and Klyuvitkina, 2006). In order to clearly
display the available dates for the strata composing the
knolls.

RESULTS

Lithofacies. Three main lithofacies (fig. 2, (a–e))
were identified basis on sedimentary structures, visual
characteristics, colours, lamination type, grain-size
(and geochemical composition (WD-XRF) in the
studied Baer Knolls.

Lithofacies 1 (LF1). Cross-laminated sand is com-
posed of 1 to 3 m thick light-pale brown to yellow-
grey, very fine to medium quartz sand, with thin (2–
5 mm) lenses of coarse sand. Silt lenses 1–4 mm thick
sporadically alternate with 10–15 cm beds of very fine

Fig. 1. Geological sketch and geographical setting of the Volga Delta: 1 – Holocene alluvial-marine deposits (Q4am); 2 – Late
Pleistocene alluvial-marine outliers (Q3am); 3 – Volga f loodplain (Q4a); 4 – Settlements; 5 – Ilmeni and broad river deltaic chan-
nels; 6 – Rivers and channels; 7 – Coastline; 8 – New Caspian marine boundary (Q4m); 9 – work area.
Рис. 1. Геологическая схема дельты Волги: 1 – голоценовые аллювиально-морские отложения (Q4am); 2 – позднеплей-
стоценовые останцы бэровских бугров (Q3am); 3 – пойма Волги (Q4a); 4 – населенные пункты; 5 – ильмени и протоки
дельты; 6 – реки и каналы; 7 – современная береговая линия моря; 8 – граница новокаспийской трансгрессии (Q4m);
9 – участки работ.
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Table 1. Studied Baer Knolls in the Volga River Region
Таблица 1. Изученные бугры Бэра в дельте Волги

No. Section name Year of investigation Latitude Longitude Lithofacies

1 Troitsky 2018 45°59′58.49″ N 47°38′34.93″ E LF1, LF2, LF3
2 Basy 2019 46°08′29.54″ N 47°02′19.01″ E LF2
3 Yaksatovo 2018 46°14′44.25″ N 48°01′26.37″ E LF1, LF2, LF3
4 Nartovo 2018 46°14′02.79″ N 48°02′15.34″ E LF1, LF2
5 Funtovo-1 2019 46°14′03.62″ N 48°06′22.39″ E LF1, LF2
6 Funtovo-2 2019 46°13′26.00″ N 48°08′06.83″ E LF1, LF2
7 Kirpichnyy zavod 2019 46°16′21.64″ N 48°04′12.62″ E LF1, LF2, LF3
8 Mirnii (Dolgii) 2018 46°22′14.76″ N 47°55′30.14″ E LF1, LF2, LF3

sands. Coarse sand lenses usually contain detritus and
rounded shell fragments of brackishwater mollusks.
Sediments also contain rare mollusk species Didacna
protracta and Monodacna caspia. Bird burrows (Ri-
paria riparia) are typical in these sediments. High-an-
gle crossbedding stratification is presented in this stra-
tum. Often it correlates well with an angle of the slopes
(fig. 3).

Lithofacies 2 (LF2). Criss-cross-laminated sand
consists of approximately from 2 to 6 m thick brown-
yellow and grey very fine to medium sand with hori-
zontal planar lamination along the ridge of yellow-
grey silt clay 1–3 cm thick (fig. 2, (b)). Low to high-
angle cross lamination of sand and clay is presented in
these sediments, especially along the knoll margins. In
the upper part of deposits, rare large mollusk shells Di-
dacna protracta are presented. In that lithofacies,
Ophiomorpha burrows are presented too (fig. 2, (d)).

Lithofacies 3 (LF3). Chocolate clay is 1 to 2 m thick
and dominated by brown to dark brown clay with thin
(1–3 cm) lenses of yellow-grey very fine to fine sand.
Low-angle cross lamination of sand and clay with
thickness 50–80 cm are presented in the upper part of
sediments. Sand layers usually contain shell fragments
and whole shells species Didacna protracta, D. paral-
lella, Dreissena rostriformis (fig. 2, (c)). These lithofa-
cies present the chocolate clay stratum (CC) of Baer
knolls.

Granulometric composition. Average grain-size
composition of studied Baer knolls sediments is repre-
sented by <1 μm (13%), 1–5 μm (42.4%), 5–10 μm
(13.7%), 10–50 μm (21.7%), 50–250 μm (8.7%) and
250–1000 μm (0.3%) The ternary diagram on fig. 4.
reveals the distribution of granulometric composition
of fifty BK sediments samples. LF2 is a mixture of
sand, clay, and silt particles. In CC clay and silt frac-
tions prevail. A few LF1 samples from the lower part
demonstrate a composition similar to CC and LF2.
The upper part of LF2 is enriched by sand and is sim-
ilar to LF1.

Geochemistry. The bulk geochemical composition
(wt %) of Baer knolls sediments are presented in table 3.

The concentration of SiO2 in CC, LF2, and LF1 rang-
es between 67–82%. SiO2 content is higher in LF1.
Meanwhile, concentrations of TiO2, Fe2O3, Al2O3,
K2O are lower, because of decreasing of clay fraction
in LF1. Otherwise, samples from LF2 and LF3 are
characterized by a relatively higher concentration of
TiO2, Fe2O3, Al2O3 that are confined to clay fraction.

Malacological examination. Seven mollusks’ spe-
cies Didacna protracta, D. ebersini, D. parallella,
D. parallella borealis, D. praetrigonoides, Dreissena ros-
triformis, Dr. polymorpha represent freshwater, and
brackish water environments were identified in inves-
tigated knoll sediments. The upper part of LF3 is pre-
sented by brackish water assemblages with Didacna
protracta, D. parallella, D. parallella borealis, D. prae-
trigonoides. Large and thick shells of Didacna protrac-
ta, D. parallella indicate long-term optimal living con-
ditions with 8–13‰ paleo salinity (Yanina, 2012).
However, the abundance of shells Dreissena rostri-
formis in the sand interlayers could indicate a regular
supply of fresh water and a decrease in paleo salinity to
3–8‰. At contact between LF3 and LF2 the presence
of a rich detritus layers and rare small shells Didacna
protracta, Dreissena polymorpha could indicate an in-
crease of current f lows with suspended load water and
slow stream environment conditions. Sand layers in
LF2 and more often in LF1 are aff luent in detritus of
redeposited mollusk shells Didacna catillus, D. prae-
trigonoides, Dreissena rostriformis, Hypanis plicatus,
etc. (fig. 5).

Radiocarbon dating. Five radiocarbon dates from
Yaksatovo, Mirnii (Dolgii), and Sarai-Batu knolls
ranges from 16.4 to 13.8 ka cal B.P. Results demon-
strate that deposition of LF3, and LF2 correspond to
the period from Oldest Dryas cold event to Bølling-
Allerød warm stage. Two radiocarbon dates from the
contact between LF3–LF2 suggest that deposition of
LF1 corresponds to Bølling-Allerød warm stage. All
dates with previous results for BK sediments are sub-
mitted in table 2.
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DISCUSSION

Sedimentary environments. The aeolian ВК origin
is prevalent among the scientific community (Fedor-
ovich, 1941; Volkov, 1960; Leontyev and Foteeva,

1965; Belevich, 1979; Kroonenberg et al., 1997).
It contradicts several statements: high cementation of
the knoll strata, variety of lamination types, interlayers
and lenses rich in shell detritus (fig. 6), erosional con-
tacts between LF2 and LF1 (fig. 2, (f)), clay and silt

Fig. 2. Sedimentary architectures and lithofacies of Baer knolls: (a) – Yaksatovo knolls erosional contact between LF1 and LF2;
(b) – cross-lamination sand and compacted coarse sand layer with shell detritus (LF1); (c) – mollusk shells Didacna protracta,
Dreissena rostriformis in sand lenses (LF3); (d) – Ophiomorpha burrows presented in LF2 in Nartovo knoll; (e) – Mirnii knolls
cross-lamination of sand and chocolate clay and erosional contact between LF2 and LF3.
Рис. 2. Литофациальное строение бугровых отложений: (а) – эрозионный контакт между ЛФ1 и ЛФ2, бугор Яксатово;
(b) – прослои детрита и косая слоистость в ЛФ2, бугор Яксатово; (c) – раковины Didacna protracta, Dreissena rostriformis
в песчаных прослоях ЛФ3, бугор Мирный; (d) – ходы Ophiomorpha в ЛФ2, бугор Нартово; (e) – литофациальное стро-
ение основания бугра Мирный, контакт между ЛФ2 и шоколадными глинами.
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prevail, ripple marks in silty clay of LF2. If the Aeolian
origin was relevant and the wind carried the clay parti-
cles, the question arises as to where such an amount of
deposit would come from. O.K. Leontiev (1965) ar-
gues that fragments and whole shells could be trans-
ported over some distances by strong winds. However,
we are not aware of the simultaneous aeolian transport
of clay, silt, and sand mixture with shell fragments and
detritus. Aeolian transport from the surface of the
takyr is low because of the very gritty texture due to the
high density and cementation. If it occurs, elementary
dunes will be forming, approximately 1–1.5 m high
(Makeev, 1933; Bowler, 1986). According to geo-
chemistry and micromorphology of quarts grains, ae-
olian processes of sedimentation are mostly presented
in the upper part (app. 60–80 cm) of BK deposits (Svi-
toch, Kluivitkina, 2006; Shaldybin et al., 2015).

Saltation or rolling, both causing frequent colli-
sions of transported particles, would round the grains.
However, the clay component of the knoll strata con-
sists of f lakes and clay pellets, often wholly unrolled.
Thus, BK deposits cannot be attributed to aeolian or-
igin (Badyukova, Lobacheva, 2020). Flakes and clay
pellets often appear in brackish water due to particle
coagulation (Botvinkina, 1962). According to malaco-
faunal analysis, the knolls are rich in organogenic con-
tent, particularly of shell detritus. We consider that
such aeolian transport of whole shells and debris is im-
possible in the formation of detritus layers in BK.
Based on fabric analysis, the most common lamina-
tion types of BK are oblique cross, multidirectional
criss-cross (appeared by changing the direction of wa-
ter jets), wavy with ripples, diagonal, horizontal. Such
a variety of lamination is most likely reflecting the del-
taic, estuarine, or lagoon type of aquatic sedimenta-
tion (Botvinkina, 1962). For the knolls on the north-
eastern part of the Pre-Caspian lowland subhorizontal
and gentle criss-cross fabrics are characteristic. In LF1
and LF2, the presence of sand and silt is noted togeth-
er which is a feature of deltaic sediments (Badyukova,
2018). The presence of several modes in the grain-size

distribution in LF2 is the same as in CC, which means
that LF2 is inherited from the underlying CC. Oblique
lamination is associated with the f lowing reservoir,
where currents occurred. They were slow and unsta-
ble, because of the existence of horizontal, weakly ex-
pressed lamination in sediments and the presence of
ripple marks.

We assume that the deposition of the knoll strata
occurred in water where was a mixture of river and sea
waters (lagoonal environments). The absence of in situ
shells or their extremely rare presence in the knoll’s
strata is on the one hand associated with increased tur-
bidity of the reservoir and on the other with a low tem-
perature of the water. Salt instigates the coagulation of

Fig. 3. Sedimentary architectures and LF1 and LF2 contact of west outcrop in Yaksatovo knoll.
Рис. 3. Строение толщ ЛФ1 и ЛФ2 на западной оконечности бугра Яксатово.
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LF2

LF1

N

Fig. 4. Ternary diagram of sand, silt, and clay concentra-
tion in Baer knolls sediments (Yaksatovo, Troitsky, Mirnii,
and Nartovo knolls).
Рис. 4. Треугольная диаграмма гранулометрического
состава (песок, алеврит, глина) бугровых отложений
из бугров Яксатово, Мирный, Нартово и Троицкий.
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the particles, rolling up and falling out in the form of
flakes simultaneously with coarse silt and sand frac-
tions. Sand accumulation co-occurred with shell rede-
position on the background of deposition of clay par-
ticles. The mechanism of BK formation is described
more narrowly by Badyukova (2018). We consider that
the Baer knolls are analogues of river bedforms like
ripples and large dunes, which were formed as a result
of a slow stream.

Chronology. We used mollusk shells to determine
the radiocarbon age of the Baer knoll (tabl. 2). The ob-
tained dates show the age of the strata contacts.
It makes it possible to verify the upper age of BK for-
mation that correlates with the main events of the Late
Pleistocene and Early Holocene.

The dates obtained for LF3 correspond to the in-
terval 16.3–15.2 cal ka B.P. They correlate with the
onset of the Oldest Dryas cold stage (Stefensen et al.,
2008). Dates for LF2 are varying between 14.2 and
13.8 cal ka B.P. Dates of 13.4–11 cal ka B.P. derived

from LF2 and LF1 were reported for BK sediments in
the Volga Delta (Svitoch, Kluivitkina, 2006). It cor-
relates with the beginning of the Younger Dryas cold
event. That means that Baer knoll’s lithofacies are not
younger than 11 cal ka B.P.

Radiocarbon ages for BK deposits correspond well
to OSL dates obtained for the Kosika section Lower
Volga: 14.8 ka for LF1 and 18–16.7 ka for LF2 (Zas-
trozhnov et al., 2020). Thus, deposits of BK refer to an
interval from 18 to 11 cal ka B.P. These dates refer to
the redeposited shells, not to the age of knolls forma-
tion. The LF2 is dated younger than LF1, meaning
that the strata accumulated successively due to erosion
of underlying sediments. Chocolate clays and Volga
alluvium were the significant sources of material for
LF1 and LF2, as the bottom of the Late Khvalynian
lagoon was eroding. Nonetheless, for LF1, it was also
sandy material lying below the CC. We propose that
Baer knolls could have been formed during the Late
Khvalynian and Early Holocene transition.

Table 3. The geochemical composition of Baer knoll deposits
Таблица 3. Геохимический состав бугровых толщ

Lab. No. Site Lithofacies
MgO Al2O3 K2O CaO TiO2 Fe2O3 SiO2

(%)

L 16-1 Yaksatovo LF1 1.38 8.09 1.72 3.53 0.35 3.25 80.43

L 16-2 Yaksatovo LF1 1.26 7.68 1.67 2.86 0.33 2.95 81.98

L 16-3 Yaksatovo LF1 1.25 7.78 1.74 3.03 0.32 2.93 81.81

L 16-4 Yaksatovo LF1 1.40 8.46 1.78 3.70 0.38 3.41 79.77

L 16-5 Yaksatovo LF1 1.24 8.24 1.78 3.51 0.38 3.08 80.79

L 16-6 Yaksatovo LF1 1.17 8.37 1.84 3.36 0.35 3.06 80.90

L 16-7 Yaksatovo LF1 1.23 8.19 1.78 3.62 0.35 2.97 80.87

L 16-8 Yaksatovo LF2 2.09 11.70 2.20 5.43 0.57 5.14 70.92

L 15-1 Troitsky LF2 1.98 13.30 2.57 3.79 0.61 5.66 70.65

L 15-2 Troitsky LF2 1.99 13.60 2.58 3.80 0.65 5.79 70.21

L 15-3 Troitsky LF2 1.99 13.10 2.63 3.23 0.64 5.63 71.12

L 13-1 Troitsky LF1 1.55 9.83 1.89 2.80 0.46 4.03 78.02

L 13-2 Troitsky LF1 1.59 10.40 2.09 2.88 0.48 4.24 76.89

L 13-3 Troitsky LF1 1.29 7.99 1.70 2.65 0.33 3.20 81.42

L 13-4 Troitsky LF1 1.77 9.25 1.89 3.66 0.44 4.12 76.59

L 13-5 Troitsky LF1 1.49 7.62 1.63 5.67 0.38 3.35 78.22

L 13-8 Troitsky LF1 1.85 9.32 1.77 3.79 0.42 5.02 76.71

CC-40 Yaksatovo LF3 3.12 11.80 2.42 4.82 0.58 6.74 69.37

CC-70 Yaksatovo LF3 2.25 12.80 2.38 4.41 0.58 6.04 70.12

CC-150 Yaksatovo LF3 2.18 15.70 2.92 3.56 0.64 6.52 66.85
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The possible analogues of Baer knolls in the World.
Similar to BK landforms are widely distributed around
the World. The closest analogues of BK are the so-
called “grivy” in the south of Western Siberia (Vel’mi-
na, 1964; Pil’nevich, 1974). This territory has a hilly-
ridge landscape, where the ridges are more representa-
tive near the shores of Lake Chany. “Grivy” vary in
spatial shape and length. There is a regular decrease in
the absolute height of the ridges closer to the Turgai
trough (Lavrov, 1948; Gorodetskaya, 1966). The ridg-

es gradually decrease, spread out and disappear to-
wards the edges of the lowland (Petrov, 1948). They
compose mainly of loess-like loams; fine sandy, silty,
and clayey fractions. As well as for BK, ridges of the
south of Western Siberia (Barabinskaya lowland) have
several hypotheses of their origin: aeolian (Volkov,
1961), f luvial (Pil’nevich, 1974; Lavrov, 1948, Velmi-
na, 1964), erosional (Gorodetskaya, 1996), deltaic
(Petrov, 1948).

Fig. 5. Mollusk shells: (a) – from the contact between chocolate clay and lithofacies 2 from Yaksatovo knoll, (b) – from the con-
tact between lithofacies 1 and lithofacies 2 from Mirnii knoll.
Рис. 5. Образцы раковин: (а) – с контакта между шоколадными глинами и ЛФ2 бугра Яксатово, (b) – с эрозионного
контакта между ЛФ2 и ЛФ1 бугра Мирный.
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Fig. 6. Sedimentary features of Baer knoll’s lithofacies 2 (LF2): (a) – Nartovo knoll’s a lower formation with thin shell layers;
(b) – Thin shell layers and congestion of shells in Nartovo knoll; (c) – Small ripple marks in Trotisky knoll; (d) – The same in
another part of Troitsky knoll.
Рис. 6. Особенности залегания ЛФ2. Бугор Нартово: (а) – тонкие наклонные прослои детрита между пачками песка и
глины с косой слоистостью; (b) – скопление раковинного детрита в виде линзы мощностью 4 см. Бугор Троицкий:
(c) – небольшие знаки ряби высотой 3–4 см; (d) – знаки ряби до 5 см высотой с прослоями светлого песка и шоколад-
ных глин.
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There are different opinions about the input of wa-
ter from the lakes of Western Siberia to the Aral Sea
and then to the Caspian Sea through the Turgai
trough. There were two periods when the f low to the
south took place (Mangerud et al., 2004; Panin et al.,
2020). The ridges could have formed at the bottom of
this stream (Middendorf, 1877; Lavrov, 1948; Badyu-
kova, 2018). By now the Turgai trough is filled with a
thick stratum of alluvial-lacustrine, slope and aeolian
deposits.

We consider limnokames as the next example of
possible analogues of BK. The type of formation draws
an analogy. Both BK and limnokames were formed at
the bottom of streams during the discharge of lakes.
Kames are formed in the cracks of dead ice, and due to
the massive meltwater influx to its margins; as a result,
the ridge-hilly landscape appears. The morphology
and internal structure differ. It depends on the incom-
ing material and flow’s hydrodynamics (Basalikas,
1969; Badyukova, 2007).

Other possible analogues of the BK are giant gravel
dunes on the terrace of the Katun’ River in the foot-
hills of Altai mountains near the village of Platovo.
The Platovo dunes are the result of the breakthrough
of glacial dams during the Neopleistocene period and
catastrophic discharge of vast masses of water from
glacial dammed lakes (Rudoy, 1993; Baryshnikov,
Panin, 2013). Other controversial geomorphological
objects are the fields of giant ripples, distributed with-
in the Kurai depression, south-eastern Russian Altai
mountains. Most researchers interpret these forms as
giant ripples in the current, formed during the break-
through of glacial dams and the descent of dammed
lakes (Carling, 1996; Rudoy, 2005; Herget, 2005;
Bricheva et al., 2022). Similar dune fields are noted in
the area of the city of Kyzyl, mainly along the right
bank of the river Small Yenisei (Shpansky et al., 2020).
These “giant current ripples”, or “gravel dunes”
(Carling, 1996), or “diluvial dunes and antidunes” by
(Rudoy, 1993) are composed mainly of gravel and
pebbles, sometimes boulders. They are distinguished
by researchers as indicators of catastrophic f loods
(Komatsu et al., 2009).

The Channeled Scabland landscapes are located in
the eastern part of Washington State (USA) (Baker,
1973; Benito, 2003), and the so-called “giant current
ripples” or GCR are part of a complex scabland land-
scape (Pardee, 1942; Bretz et al., 1956; Baker, 1973).
They were formed at a stream bottom like BK. The gi-
ant ripples have a different orientation in space, as well
as different heights, like the BK. Stream parameters of
scablands incommensurable with those that formed
BK. Gravel, pebbles and boulders represent the inter-
nal structure of the dunes. Analysis of the literature re-
vealed that GCR are a type of large-scale asymmetric
dunes (Allen, 1963). The Froude numbers associated
with these shapes were less than 1, but other hydraulic
parameters such as speed and depth were more signif-

icant than those for shallow ripples (Allen, 1963). Ac-
cording to the authors’ observations, it tends to de-
crease with distance from the region of high-velocity
water f low (Harms and Fahnestock, 1960).

CONCLUSIONS
On the base of general sedimentological analysis

and several dating methods, we may confirm the fol-
lowing statements about Baer knolls in the Caspian
lowland.

The nature of layering in the knolls is most com-
mon for the underwater deltaic or lacustrine facies.
In general, each stratum was inherited from the un-
derlying one due to the successive redeposition. Choc-
olate clays (LF3) and Volga alluvium were the main
sources of material for LF1 and LF2, as the bottom of
the Late Khvalynian lagoon was eroding.

Baer knolls cannot be attributed to aeolian land-
forms based on bedding types, granulometric and geo-
chemical content. We consider that the Baer knolls
analogues are river bedforms that appear as the result
of turbulent f low, like ripples and large dunes.

Knolls were formed in brackish water in a shallow
lagoon-marine environment during the transition of
Late Khvalynian and Early Holocene time (from the
second half of MIS-2 to the beginning of MIS-1) that
correlates with the Younger Dryas cold event. In our
opinion, this event occurred due to the decline of la-
goon water level during the water f low through the
Manych strait to the Black Sea.

ACKNOWLEDGEMENTS

We are grateful to the scientific group of the VSEGEI
Quaternary Geology Department and represented by
A.S. Zastrozhnov, D.A. Zastrozhnov. We are thankful to
Kh.A. Arslanov and his colleagues from the geochronolog-
ical laboratory of the Saint Petersburg State University for
performing radiocarbon dating of mollusk shells. We are
thankful to Doctor of Geographical Sciences, professor
T.A. Yanina for identification and classification of mollusk
shells.

This work was financially supported by the Laboratory
of recent sediments and palaeogeography of the Pleistocene
at the Moscow State University and the Russian Science
Foundation (project No. 20-77-00068).

REFERENCES
Aladin N.V., Plotnikov I.S. (2006). How changing of the

Caspian Sea level makes influence on biodiversity of
fishes and free-living aquatic invertebrates. 4th Interna-
tional Conference of UNESCO programme 481. Dating
“Caspian Sea Level Change”. Aktau, Mangistau District,
Kazakhstan, 20–23 May, 2006. Materials of a Confer-
ence. Abstracts-Articles. Almaty. P. 15.

Allen J.R.L. (1963). Asymmetrical ripple marks and the or-
igin of water-laid cosets of cross-strata: Liverpool Man-



78

ГЕОМОРФОЛОГИЯ И ПАЛЕОГЕОГРАФИЯ  том 54  № 3  2023

LOBACHEVA et al.

chester Geological Journal. Vol. 3. P. 187–236. 
https://doi.org/10.1002/gj.3350030201

Aristarkhova L.B. (1980). Once more about the genesis and
causes of Baer knolls localization. Izvestiya AN SSSR.
Seriya geographicheskaya. No. 4. P. 67–73. (in Russ.)

Arslanov A.A. (1987). Radiouglerod. Geokhimiya i geokhro-
nologiya. (Radiocarbon: Geochemistry and Geochro-
nology). Leningrad: Izdatel’stvo Leningradskogo Uni-
versiteta (Publ.). 294 p. (in Russ.)

Badyukova E.N. (2007). Landforms constructed by “bed
flow” Baer knolls of Precaspian and limnokames. Byul-
leten’ Moskovskogo obshchestva ispytatelei prirody. Otdel
geologicheskii. Iss. 82. No. 5. P. 41–47. (in Russ.)

Badyukova E.N. (2018). Genesis of the Baer knolls devel-
oped in the Northern Caspian Plain. Quaternary Inter-
national. Vol. 465. P. 11–21. 
https://doi.org/10.1016/j.quaint.2016.11.011

Badyukova E.N., Lobacheva D.M. The role of an aeolian
factor in the formation of paleo landscape of the Lower
Volga region, Russia. Aktual’nye problemy paleogeografii
pleistotsena i golotsena: Materialy Vserossiiskoi konferen-
tsii s mezhdunarodnym uchastiem Markovskie chteniya
2020 goda. Bolikhovskaya N.S., Klyuvitkina T.S., Yani-
na T.A. (Eds.). M.: Faculty of Geography, Moscow
State University (Publ.). 2020. P. 26–29.

Baer K.M. (1856). Scientific Notes about the Caspian Sea
and Adjacent Regions. Zapiski RGO. Iss. 11. P. 181–
224. (in Russ.)

Baker V.R. (1973). Paleohydrology and sedimentology of
Lake Missoula Flooding in Eastern Washington. Geo-
logical Society American Special Paper. Vol. 144. P. 1–79. 
https://doi.org/10.1130/SPE144-p1

Baryshnikov G.Ya., Panin A.V. (2013). Extreme Natural
Phenomena in the Altai Mountains in Past and Present.
Izvestiya Altaiskogo gosudarstvennogo universiteta.
Vol. 2. P. 142–146. (in Russ.)

Basalikas A.B. (1969). Diversity of the relief of the glacial-
accumulative area. Materikovoe oledenenie i lednikovyi
morfogenez (Continental glaciation and glacial mor-
phogenesis). P. 65–154. (in Russ.)

Belevich E.F. (1979). About genesis of the Baer knolls. Geo-
morfologiya. Vol. 2. P. 57–68. (in Russ.)

Berg L.S. (1908). Aral’skoe more: Opyt fiziko-geografich-
eskoi monografii (The Aral Sea. Experience of the
physical and geographical monograph). St. Peters-
burg: M.M. Stasyulevich (Publ.). 580 p.

Botvinkina L.N. (1962). Sloistost’ osadochnykh porod (Lam-
ination of sedimentary rocks). M.: AN SSSR (Publ.),
543 p. (in Russ.)

Bowler J.M. (1986). Spatial variability and hydrologic evo-
lution of Australian lake basins: analogue for Pleisto-
cene hydrologic change and evaporite formation. Pa-
laeogeography, Palaeoclimatology, Palaeoecology. Vol. 54.
P. 21–41. 
https://doi.org/10.1016/0031-0182(86)90116-1

Bretz J.H., Smith H.T.U, Neff G.E. (1956). Channeled
Scabland of Washington: New data and interpretations.
Geological Society American Bulletin. Vol. 67. P. 957–
1049. 
https://doi.org/10.1130/0016-
7606(1956)67[957:CSOWND]2.0.CO;2

Bricheva S.S., Gonikov T.V., Panin A.V. et al. (2022). The
origin of giant dunes in the Kuray Basin (southeastern
Gorny Altai) based on morphometric analysis and
GPR studies. Geomorfologiya. Vol. 53. No. 4. P. 25–41. 
https://doi.org/10.31857/S0435428122040034

Britzyna M.P. (1955). About the Genesis of the Baer Knolls
Relief. Sbornik pamyati akademika L.S. Berga. M.–L.:
AN SSSR (Publ.). P. 320–330. (in Russ.)

Carling P.A. (1996). Morphology, sedimentology and pa-
laeohydraulic significance of large gravel dunes: Altai
Mountains. Siberia. Sedimentology. Vol. 43. P. 647–
664. 
https://doi.org/10.1111/j.1365-3091.1996.tb02184.x

Doskach A.G. (1949). Geomorphological observations in
the region of the Baer knolls distribution. Trudy GIN AS
USSR. Vol. 43 (2). P. 19–32. (in Russ.)

Fedorov P.V. (1957). Stratigraphy of quaternary deposits
and evolution history of Caspian Sea. Trudy Geologich-
eskogo instituta Akad. nauk SSSR. Vol. 10. 297 p. (in
Russ.)

Fedorovich B.A. (1941). The genesis of the “Baer knolls” in
the northern Caspian Plain. Izv. AN SSSR. Ser. geogr. i
geo-fiz. Vol. 1. P. 95–116. (in Russ.)

Gorodetskaya M.E. (1966). On the genesis and age of the
West Siberian linear ridges (“gryvas”). Strukturnaya i
klimaticheskaya geomorfologiya. M.: Nauka (Publ.).
P. 166–172. (in Russ.)

Harms J.C., Fahnstock R.K. (1960). Stratification, bed-
forms, and f low phenomena (with an example from the
Rio Grande). AAPG Bulletin. Vol. 48. P. 530–530. 
https://doi.org/10.1306/BC743C7F-16BE-11D7-
8645000102C1865D

Herget J. (2005). Reconstruction of Pleistocene ice-
dammed lake outburst f loods in Altai Mountains, Sibe-
ria. Special Paper of the Geological Society of America.
Vol. 86. P. 1–2. 
https://doi.org/10.1130/0-8137-2386-8.1

Kachinskiy N.A. (1965). Fizika pochv. Chast’1 (Soil Phys-
ics. Part 1). Moskva: Vysshaya shkola (Publ.). 324 p. (in
Russ.)

Komatsu G., Arzhannikov S.G., Gillespie A.R. et al.
(2009). Quaternary paleolake formation and cataclys-
mic flooding along the upper Yenisei River. Geomor-
phology. Vol. 104. P. 143–164. 
https://doi.org/10.1016/j.geomorph.2008.08.009

Krijgsman W., Tesakov A., Yanina T. et al. (2019). Quater-
nary time scales for the Pontocaspian domain: interba-
sinal connectivity and faunal evolution. Earth Science
Review. Vol. 188. P. 1–40. 
https://doi.org/10.1016/j.earscirev.2018.10.013

Kroonenberg S.B., Rusakov G.V., Svitoch A.A. (1997). The
wandering of the Volga delta: a response to rapid Caspi-
an Sea-level change. Sedimentary Geology. Vol. 107 (3-4).
P. 189–209. 
https://doi.org/10.1016/S0037-0738(96)00028-0

Lavrov V.V. (1948). Quaternary History and Morphology of
the Northern Turgay Plain. Izv. Akad. nauk Kazah. SSR.
Alma-Ata: tip. CK KP(b)K (Publ.). 126 p. (in Russ.).

Lavrushin Yu.A., Antipov M.P., Kuralenko N.P. et al.
(2019). Structure, morphogenesis and Kinematics of
the gravitational Late Quaternary cover of the south-
western part of the Northern Caspian. Bjulleten’ Komis-



ГЕОМОРФОЛОГИЯ И ПАЛЕОГЕОГРАФИЯ  том 54  № 3  2023

SEDIMENTARY CHARACTERISTICS OF BAER KNOLLS DEPOSITS IN THE VOLGA 79

sii po izucheniyu chetvertichnogo perioda. No. 77. P. 8–
49. (in Russ.)

Leonov Y.G., Lavrushin Y.A. (1995). The Grandiose grav-
itational processes on the Late Khvalynian paleo shelf
of the Northern Caspian Sea. Dokl. RAN. Vol. 344. 2.
P. 212–215. (in Russ.).

Leontiev O.K., Foteeva N.N. (1965). Genesis and age of
the Baer knolls. Izvestiya AN SSSR. Seriya geographich-
eskaya. No. 2. P. 90–97. (in Russ.)

Makeev P.S. (1933). Ocherk rel,efa Kyzyl-Kumov (Sketch of
the relief of the Kyzyl-Kumy). L.: Izd-vo AN SSSR
(Publ.). P. 41–162. (in Russ.)

Mangerud J., Jakobsson M., Alexanderson H. et al. (2004).
Ice-dammed lakes and rerouting of the drainage of
northern Eurasia during the Last Glaciation. Quaterna-
ry Science Reviews. Vol. 23. P. 1313–1332. 
https://doi.org/10.1016/j.quascirev.2003.12.009

Middendorf A.F. (1871). Description of Baraba region.
Sankt-Peterburg: tip. Imp. Akad. nauk (Publ.). 123 p.
(in Russ.)

Nikolaev V.A. (1955). About the Baer knolls in the Lower
Volga. Sbornik pamyati akademika L.S. Berga. M.–L.:
AN SSSR (Publ.). P. 320–330. (in Russ.)

Panin A.V., Astakhov V.I., Lotsari E. et al. (2020). Middle
and the Late Quaternary glacial lake-outburst floods,
drainage diversions and reorganization of fluvial sys-
tems in northwestern Eurasia. Earth-Science Reviews.
Vol. 201. 103069. 
https://doi.org/10.1016/j.earscirev.2019.103069

Pardee J.T. (1942). Unusual currents in glacial Lake Mis-
soula, Montana. Geological Society of America Bulletin.
Vol. 53. P. 1569–1600. 
https://doi.org/10.1130/GSAB-53-1569

Petrov B.F. (1948). Baraba: Origin of the Relief. Bulleten’
komissii po izucheniyu chetvertichnogo perioda. Vol. 12.
P. 23–27.

Pil’nevich I.V. (1974). “Griva” landforms of the Baraba Re-
gion: Morphology and Division into Regions. Trudy.
Novosibirsk. In-ta inzhenerov geodezii, aerofotosemki i
kartografii. No. 33. P. 111–120. (in Russ.)

Pravoslavlev P.A. (1929). The north-west shore of the Cas-
pian Sea. Izv. centr. gidrometburo. No. 8. P. 1–54. (in
Russ.)

Reimer P.J., Austin W.E.N., Bard E. et al. (2020). The Int-
Cal20 northern Hemisphere radiocarbon age calibra-
tion curve (0–55 cal kBP). Radiocarbon. Vol. 62. Iss. 4.
P. 725–757. 
https://doi.org/10.1017/RDC.2020.41

Reineck H.E., Singh I.B. (1975). Depositional Sedimentary
Environments. Springer Verlag, Berlin, Heidelberg,
New York. 439 p. DM 108.00. https://link.spring-
er.com/book/10.1007/978-3-642-96291-2

Rudoy A.N. (2005). Gigantskaya ryab’ techeniya (istoriya
issledovaniya, diagnosticheskie priznaki i paleogeogra-
ficheskоe znachenie) (Giant Current Ripples: History of
Research, Their Diagnostics, and Paleogeographical
Significance). Tomskii gosudarstvennyi universitet
(Publ.). 228 p. (in Russ.)

Rudoy A.N., Baker V.R. (1993). Paleohydrology of Late
Pleistocene Superflooding, Altay Mountains, Siberia.
Science. Vol. 259. Iss. 5093. P. 348–350. 
https://doi.org/10.1126/science.259.5093.34

Ryabukha A.G. (2018). The role of late Pleistocene perigla-
cial conditions in the development of landscapes of the
Caspian lowland. Bull. Orenburgskogo nauchnogo centra
UrO RAN. No. 4. P. 1–23. (in Russ.)

Rychagov G.I. (2009). New Data about the Genesis and the
Age of Baer knolls. Vestnik Moskovskogo universiteta.
Seriya 5. Geografiya. No. 5. P. 59–68. (in Russ.)

Shaldybin M.V., Shein E.V., Kharitonova G.V. et al. (2015).
Mineralogical composition of Baer Mound soil, South-
er Astrakhan area. Vestnik Moskovskogo universiteta.
Seriya 17. Pochvovedenie. No. 1. P. 3–12. (in Russ.)

Shpansky A.V., Mikharevich M.V., Novikov I.S. et al.
(2020). Controversial issues of geomorphology and pa-
leogeography of the Upper Yenisei valley. Geomor-
fologiya. No. 3. P. 98–105. (in Russ.) 
https://doi.org/10.31857/S0435428120030104

Steffensen J.P., Andersen K.K., Bigler M. et al. (2008).
High- resolution Greenland ice core data show abrupt
climate change happens in few years. Science. Vol. 321.
P. 680–684. 
https://doi.org/10.1126/science.1157707

Svitoch A.A. (2014). Bol’shoi Kaspii: stroenie i istoriya razvi-
tiya (The Great Caspian Sea: Structure and History).
Moskva: Izd-vo Moskovskogo gos. un-ta (Publ.). 272 p.
(in Russ.)

Svitoch A.A., Klyuvitkina T.C. (2006). Berovskie bugry
Nizhnego Povolzh’ya (Baer knolls in the Regions Sur-
rounded the Lower Volga). M.: Tipografiya Ross-
el’hozakademii (Publ.). 160 p. (in Russ.)

Vel’mina N.A. (1964). On the origin of the depression and
ridge (“gryva”) relief of the West Siberian Plain.
Geokriologicheskie usloviya Zapadnoi Sibiri, Jakutii i
Chukotki. M.: Izd-vo AN SSSR (Publ.). P. 37–70 (in
Russ.).

Volkov I.A. (1960). About the geological structure and relief
of the Baer knolls. Aerometody v prirodnykh issledovani-
yakh. P. 74–89. (in Russ.)

Volkov I.A. (1961). On the “gryva” relief of the Ishim-Tobol
interfluve. Geologiya i geofizika. No. 9. P. 115–118. (in
Russ.)

Yakubov T.F. (1952). Baer knolls genesis in the northern
Caspian Plain. Trudy in-ta geografii AN SSSR. No. 51.
P. 253–277. (in Russ.)

Zastrozhnov A., Danukalova G., Golovachev M. et al.
(2020). Biostratigraphical investigations as a tool for
palaeoenvironmental reconstruction of the Neopleisto-
cene (Middle-Upper Pleistocene) at Kosika, Lower
Volga, Russia. Quaternary International. Vol. 540.
P. 38–67. 
https://doi.org/10.1016/j.quaint.2018.11.036

Zastrozhnov A., Danukalova G., Shick S., van Kolfsho-
ten T. (2018). State of stratigraphic knowledge of Qua-
ternary deposits in European Russia: Unresolved issues
and challenges for further research. Quaternary Inter-
national. Vol. 478. P. 4–26. 
https://doi.org/10.1016/j.quaint.2017.03.037

Zhindarev L.A., Nikiforov L.G., Rychagov G.I. (2001).
Morpholithodynamic of the Coastal Zones Near Rivers
Mouths and the Genesis Baer knolls Problem. Vestnik
Moskovskogo universiteta. Seriya 5. Geografiya. No. 1.
P. 44–52. (in Russ.)

Zhukov M.M. (1935). To the stratigraphy of the deposits of
the Lower Volga River. Trudy komissii po izucheniyu
chetvertichnogo perioda. Vol. 2. P. 227–272. (in Russ.)



80

ГЕОМОРФОЛОГИЯ И ПАЛЕОГЕОГРАФИЯ  том 54  № 3  2023

LOBACHEVA et al.

ЛИТОФАЦИАЛЬНОЕ СТРОЕНИЕ И УСЛОВИЯ НАКОПЛЕНИЯ 
ОТЛОЖЕНИЙ БЭРОВСКИХ БУГРОВ СЕВЕРНОГО ПРИКАСПИЯ1
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Бэровские бугры – это, как правило, вытянутые гряды, ориентированные чаще всего близко к суб-
широтному направлению, получившие широкое распространение на территории Северного При-
каспия ниже отметки 0 м абс. Механизм образования этих форм рельефа дискутируется вот уже по-
чти столетие. Данная работа ставит своей целью определение генезиса бэровских бугров на основе
структурно-литологических исследований и датирования слагающего их материала. Проведенные
исследования позволили заключить, что гряды были сформированы в конце позднехвалынского
времени – начале голоцена. Отложения бэровских бугров состоят из трех условно выделяемых ли-
тофаций. Основными источниками материала, из которого формировались бугры, являлись шоко-
ладные глины, подстилающие их морские отложения регрессивной террасы и аллювий рек, впадав-
ших в хвалынский бассейн. Данные литологических, фаунистических и геохимических исследова-
ний не позволяют считать описываемые формы результатом эолового процесса. Бэровские бугры
были образованы на дне лагуны, где существовали течения, обусловленные спуском вод позднехва-
лынского бассейна через Манычский пролив. Гряды являются аналогами речных дюн, образуемых
на дне турбулентного потока, где параллельно с накоплением песчаного материала и детрита шло
осаждение глинистых частиц в условиях смешения солоноватых вод лагуны и пресных вод рек, впа-
дающих в нее.

Ключевые слова: поздний плейстоцен, Каспийское море, морская седиментология, хвалынский
этап, стратиграфия, дельта Волги
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