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Abstract—Large paleochannels with sizes far greater than the modern ones are widespread on the f loodplains
and low terraces of rivers in the Volga basin. These are indicators of higher values of river runoff in the end of
the latest glacial epoch. The assessment of the time interval of the epoch of abundant runoff requires the
determination of the age of large paleochannels. With this in view, drilling of large paleochannels has been
carried out all over the Volga basin. Radiocarbon dating of the channel alluvium was carried out. The majority
of dates lied within the time interval 14.5–17.0 thousand years ago, which suggests the conclusion that the
epoch of abundant river f low approximately coincides in time with the early Khvalynian transgression of the
Caspian Sea.
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INTRODUCTION
The past variations of surface runoff beyond the

period of instrumental observations are studied by var-
ious methods—by the positions of cultural layers of
archeological sites [3, 10, 33, 35, 49, 50], by geomor-
phological traces of extreme erosion events [21, 39–
41], by the data of historical geography [9, 32], by
quantitative paleoclimatic reconstructions using the
method of modern analogues based on paleofloristic
data [2, 29]. Changes in river water discharges in the
geological past can be judged by the size of ancient
river channels. The sizes of paleochannels in the East
European Plain show appreciable variations over time
[12, 16, 26, 27, 36, 43], thus suggesting considerable
variations of river f low [18, 20]. These changes took
place under abrupt temperature variations at the end
of the last glacial period. In the period from about 26
to 19 thousand years ago, the so-called global maxi-
mum of the last glaciation with the lowest temperature
took place. The major portion of the glacial epoch
(pleniglacial) continued up to ~14.7 thousand years
ago. The Late Glacial period that began after that
included two epochs with contrasting temperature—a
significant warming, which consisted of two phases—
Bølling and Allerød (14.7–12.9 thousand years ago),
and a cooling called the Younger Dryas (12.9–
11.7 thousand years ago) [30].

Among the ancient river channels, which persisted
in the landscapes of the f loodplain and low terraces, of

particular importance are the so-called large paleo-
channels, the size of which (the width of the paleo-
channel, meander wavelength) exceed the parameters
of modern rivers by factors of 2–5 and more. Large
paleochannels of meandering type are called large
meanders or macromeanders [11]. They are widespread
in the river valleys of the East European Plain [6–8,
12, 17, 29, 37, 47, 48] and Western Siberia [19, 46].

In the Volga basin, large paleochannels are practi-
cally ubiquitous [23, 47]. Their sizes were used to make
quantitative estimates of the runoff depth at the end of
the last glacial age, which showed that the annual run-
off in different parts of the Volga River system was
1.5−2.5 greater than its present-day value, and that in
the outlet section upstream of the Volga delta head was
1.7–2.0 times higher [22, 47]. It is shown that such an
increase in the runoff was enough to maintain the
shore line of the Caspian Sea at elevation close to the
maximal levels of the Early Khvalynian transgression
of the Caspian Sea; therefore, to explain this trans-
gression one has not to substantiate the presence of
additional water sources, such as glacial melt runoff
and overflows between rivers basins [15, 22, 34, 47]. A
remaining problem is the time boundaries of this
epoch of abundant river runoff—to what extent do
they agree with the chronology of Caspian level varia-
tions. The time interval of this epoch can be deter-
mined by instrumental dating of the time of active for-
mation of large paleochannels. For the center of the
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East-European Plain, this time is estimated at 18–13
thousand years ago [42]; however, this estimate for the
Volga basin takes into account only few dates [47],
which is not enough to give reliable estimates of the
age of this epoch in the basin. The objective of this
study is to obtain systematic data on the age of large
paleochannels in the Volga basin and to use the results
to determine the interval of the epoch of abundant
river f low in the Late Weichselian epoch.

STUDY OBJECTS

Large paleochannels have different sizes and
shapes even in the same rivers. This is due to changes
in runoff and water discharges over space and time and
the type of channel, depending on them [25]. In addi-
tion, the morphological elements of f loodplain
change and grade, resulting in that some landscape
features erode and even disappear. The authors of this
article accept the classification of large paleochannels
from the study [14]. Overall, six types of large paleo-
channels are identified: inherited macromeanders,
macromeanders–old riverbeds, meander cirques, rec-
tilinear, systems of large meander scarfs, and
branched.

The Volga basin contains the largest number of
inherited large paleochannels—meanders of the mod-
ern river channel, which repeat the outlines of large
meanders that have formed earlier under higher river
discharge [23]. They are most common in narrow river
valleys, where the rivers have less space for channel
deformations. Since in such cases the modern rivers
repeat the outlines of their ancient channels, we can
estimate only the length of the slip-off slope (half of
the wavelength) of macromenders and the menders of
the present-day channel that have developed against
their background (Fig. 1a). The ratio of the ancient
and current channel widths cannot be determined by
direct measurement. The width of the river in the
period of formation of a large paleochannel can be
estimated only indirectly based on hydrological-mor-
phological relationships via the meander wavelength.
The sizes of inherited macromeanders can be 5–6
times or more larger than the present ones, though the
typical ratio in the Volga basin is 3–4 [22]. A large
ratio of the meander wavelength of ancient and mod-
ern meanders can be also seen in meander cirques (the
Tanyp River near Tangatarovo is an example) (Fig. 1c)
and in systems of large meander scarfs (the Bol’shoi
Irgiz River near Malaya Bykovka) (Fig. 1e), for which
it is also impossible to measure the channel width. In
other cases, the wavelength can be clearly seen and its
width can be obtained by direct measurements, as, for
example, in the rivers Sok (many clearly seen old-riv-
erbed macromeanders) (Fig. 1b), Veslyana (a large
straight channel near Onyl Village) (Fig. 1d) and Cha-
godoshcha (traces of a branching channel near the
Merezha River inflow) (Fig. 1f).
In the case of inherited macromeanders, their age
cannot be definitely assessed as late Weichselian (the
last glacial period), especially, if their spurs are occu-
pied by high terraces or even interf luve areas [23]. In
addition, to determine the age by radiocarbon (14С)
method, we have to find alluvium containing organic
materials (wood, plant macroremains, etc.). Because
of this, the objects for drilling and further determina-
tion of the age were chosen among the macromean-
ders-old riverbeds, which persisted in the landscapes
of f loodplains outside of the meander-belt of the pres-
ent-day river.

METHODS OF STUDY

To determine the time of the active development of
a paleochannel, it is necessary to determine the age of
its channel alluvium. For this purpose, drilling was
carried out in large paleochannels, and the obtained
core was separated into types of quaternary sediments,
in particular, facial analysis of alluvium was carried
out. The major portion of drilling operations was car-
ried out with the use of Pride Mount 80 drilling unit,
mounted on UAZ 3303, by an improved rotary drill-
ing. The auger was screwed to 1–2 m with minimal
deformation of deposits and next extracted with a
core. The deposits were obtained on the surface in a
maximally undisturbed state with preserved textures,
newly formed structures, inorganic and organic inclu-
sions, which could be studied in situ and sampled for
various types of analysis.

The drilling sites were chosen before field expedi-
tions with the use of remote sensing data. Space pho-
tographs were used to choose the most representative
sites where paleochannels with measurable parameters
could be clearly seen. Among the selected sites, opti-
mal sites in terms of transport availability and practical
use (no engineering communications) were chosen.
The final choice of objects for drilling was carried out
on site.

The borehole logs were separated in accordance
with the classical concepts regarding the expected
series of facies in the paleochannel [28] (from top to
bottom): deposit of spring f loods (as a rule, loamy,
low-thickness, only in well-filled paleochannels),
paleochannel filling (gyttja, peat, loam), channel
(sand, gravel, pebble—commonly, in accordance with
the particle size of the modern alluvium). The age of
large paleochannels was determined by 14С-method by
organic residues contained in the channel alluvium.
The samples for dating were taken at the drilling site
from cleaned core. In some rare cases, large samples
could be taken with large enough organic matter con-
tent in the form of dispersed organic matter or plant
remains. Radiocarbon dating of such samples was car-
ried out using the liquid scintillation (LSC) method in
the Laboratory of Geomorphological and Paleogeo-
graphic Studies of the Polar Regions and the World
WATER RESOURCES  Vol. 51  No. 3  2024
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Fig. 1. Geomorphological types of high past river runoff in the river valleys in the Volga Basin.

(a) (b) (c)

(d) (e) (f)

Vyatka

Tanyp

Veslyana

B.
 Ir

giz

C
h

a
g
o

d
o

sh
c
h

a

0 2500 m 5000
0 2500 m 5000 0 2500 m 5000

0 1000 m 20000 2500 m 50000 2000 m 4000

Inherited

macromeanders

Macromeanders-

old riverbeds

Meander
cirques

Rectilinear

Systems 
of large 
meander

 scarfs

Sok

Branching
Ocean, St. Petersburg State University (laboratory
index LU). The standard procedure [1] was used. A
fraction acceptable for dating was isolated from the
sample and purified by successive treating by HCl and
NaOH solutes. Next, the isolated fraction was con-
verted through pyrolysis into elemental carbon (coal),
from which lithium carbide was obtained through the
interaction of coal with metal lithium at 800°C in vac-
uum. The lithium carbide was decomposed by water to
obtain acetylene, which was converted to benzol over a
vanadium-alumina silicate catalyst. Scintillators 2.5-
diphenyloxazole (PPO) and 1.4-di-[2-(5-phenyloxaz-
olyl)]-benzene (POPOP) were added to the purified
benzol. Radiocarbon activity in a benzene sample was
determined using a low-background liquid scintilla-
tion spectrometer Quantulus 1220. The results of mea-
surements of the sample, background, and the stan-
dard were used to calculate the radiocarbon age.

Most often, the core was found to contain only
small interlayers of disperse organic matter or plant
remains, branches, in which the mass of organic car-
bon was not enough to measure the age by the LSC
method. In such cases, the 14C-age was determined
with the use of accelerator mass spectrometry (AMS).
Cleaning the samples from foreign impurities, isolat-
ing the dating fraction, obtaining graphite and press-
ing graphite targets for measuring 14C, graphitization
of standard samples for measurements were carried
WATER RESOURCES  Vol. 51  No. 3  2024
out at the Laboratory of Radiocarbon Dating and
Electron Microscopy, Institute of Geography, Russian
Academy of Sciences (laboratory index IGANAMS).
The measurements were carried out at the Center for
Applied Isotope Research at the University of Georgia
USA).

Once the 14С dates were obtained, they had to be
converted to the astronomical time scale (calibrated).
The calibration was carried out in the OxCal 4.4
Online [44] using the calibration curve IntCal20 [45].
The calibrated dates were represented as median val-
ues of the age (calendar years before present—cal. BP)
with a standard deviation.

RESULTS AND DISCUSSION
A total of 11 dates were obtained for the channel

alluvium of large paleochannels (Table 1). The date at
a depth of 2.9 m in the Pizhma River was rejected as
inversion (probably, a result of redeposition of more
ancient organic matter). The distribution of the dates
over age intervals is given in Fig. 2; in this case, one,
more ancient date was taken for each paleochannel. In
the plot in Fig. 2, five dates for large paleochannels of
the Dubna (15840 ± 80, 15620 ± 100 and 15310 ±
80 cal. BP [13]) and the Upper Volga (16.7 ± 1.5 and
15.4 ± 1.0 cal. kiloyears BP, OSL-dates [38] are
added).
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Table 1. Radiocarbon dates of large paleochannels alluvium of rivers in the basins of the Volga and Northern Caspian
region (TOC is dispersed organic mater or total organic carbon)

Point no.,

latitude/longitude
River

Depth from 

the surface, m

Dated material, 

host deposits

14C age, y. a. 

(BP)

Calibrated age, 

y. a. (BP)

Laboratory 

index

19552, 

57.1849° N 

36.3356° E

Medvetista

(left-bank tr. 

of the Volga)

1.25 TOC in loam 

with sand clusters

12805 ± 35 15280 ± 80 IGANAMS 7353

Mk-19-03,

54.6765° N 

41.9288° E

Moksha 3.2–3.3 TOC in interlayering 

of sand and loam

15075 ± 40 18520 ± 130 IGANAMS 7719

5.2–5.3 15410 ± 40 18744 ± 51 IGANAMS 7720

20903,

54.5392° N 

42.0455° E

3.7 TOC in sand 

with loam interlayers

13680 ± 40 16530 ± 90 IGANAMS 9336

4.4 13640 ± 40 16470 ± 80 IGANAMS 9337

20910,

56.5050° N 

53.0385° E

Izh 4.2 Plant macroremains 

in sand and loam 

interlayers

12400 ± 40 14530 ± 180 IGANAMS 9678

20944,

57.7292° N 

47.9323° E

Pizhma 2.9 TOC in sand 

and loam interlayers

13630 ± 50 16460 ± 91 IGANAMS 9877

4.35 12765 ± 50 15224 ± 86 IGANAMS 9878

211041,

53.0011° N 

51.2717° E

Samara 6.7–6.9 Plant macroremains 

in sand

12630 ± 160 14920 ± 330 LU-10550

211046,

53.2775° N 

50.7860° E

Bol’shoi 

Kinel

4.4–4.6 Plant macroremains 

in sandy loam

13000 ± 250 15560 ± 400 LU-10552

211107,

50.6898° N 

47.9882° E

Bol’shoi 

Uzen

9.0 Plant macroremains 

in interlayers of loam 

with silt 

and fine sand

13860 ± 230 16800 ± 330 LU-10558
According to the obtained data, the age of the
channel alluvium in the examined large paleochannels
mostly fall within the interval of 14.5−17.0 kiloyears
BP. Two dates from the Moksha River paleochannel
have an age of ~18.7 kiloyears BP. However, this
paleochannel of the Moksha River is not greater than
the present-day river, and, therefore, it can reflect the
runoff of the river ~19 kiloyears BP, not related with
large paleochannels.

According to the literary data generalized in [51], as
well as the data on the basins of the upper [7] and mid-
dle Don [11, 14], and the upper and middle Dnieper
[12, 29, 36, 37], large paleochannels formed in the
Central and Eastern Europe 18–13 kiloyears BP.
Panin et al. [37], due to earlier dates, attributed the
beginning of the phase of high river runoff to an earlier
period. Gelfan et al. [31] interpret dates earlier than
18 kiloyears BP (there are two of them) by channel
alluvium as an indication to redeposition of organic
material in alluvium. The results of this study suggest
that the large paleochannels in the Volga basin formed
in the period 17.0−14.5 kiloyears BP, i.e., in the late
pleniglacial–early late glacial period, and their forma-
tion ceased after the beginning of the bölling-allerød
warming (Fig. 2). The distribution of dates contains a
gap in the interval 16.0−16.5 kiloyears BP; however,
the available data are still too small to reliably interpret
this as an indication to an interval between the two
phases of high runoff. No territorial differences can
also be seen between the formation times of large
paleochannels: in different ecoregions and in different
parts of the Volga basin, the dates show no systematic
differences (Fig. 3).

Up to now, practically no attention has been paid to
studying large paleochannels of river valleys under-
flooded by water of the Early Khvalynian basin. Large
paleochannels could have formed there only after the
retreat of the sea. According to recent data [4], the
main phase of transgression with the highest level rise
lasted from 17 to 15 kiloyears BP; however, it is still
unclear, in what time period, the shoreline lied at an
mean sea level (MSL) of ~22 m. According to [5], the
maximum of transgression lasted up to 13.5 kiloyears
BP, which is somewhat later than the time of cessation
WATER RESOURCES  Vol. 51  No. 3  2024
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Fig. 2. Histograms of date distribution by channel alluvium of large paleochannels. Main climate epochs of the recent 20 kiloyears
BP: before 19 kiloyears BP—last glaciation maximum (LGM), before 14.7—late pleniglacial (LPGL), before 12.9—warming
bölling-allerød (Bo–Al), before 11.7—cooling late drias (YD), after 11.7—modern interglacial period (Holocene; Hl) (according
to [30]).
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of abundant runoff (the age of the youngest large

paleochannels) in the Volga basin. The channel allu-

vium of the large paleochannel of the Bol’shoi Uzen

River, lying at an elevation of +23 m MSL, was ana-

lyzed to obtain a 14C-date of ~16.8 kiloyears BP (Table
WATER RESOURCES  Vol. 51  No. 3  2024
1), and the dated alluvium of this paleochannel lied at

the level of +21 m MSL. The deposits of spring f loods

of the same river from a level of +24 m MSL yielded a
14C-date of ~16.6 kiloyears BP [24]. These data sug-

gest that the transgression was maximal before
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16.5−17 kiloyears BP; however, it is impossible to say
this with confidence, because the data obtained so far
are limited.

CONCLUSIONS

Large paleochannels in the Volga Basin formed at
the end of the Late Pleistocene within the time inter-
val 17.0−14.5 kiloyears BP, i.e., in the late plenigla-
cial–early interstadial (warming) bölling-allerød. No
difference was found between the formation time of
large paleochannels all over the Volga basin. The dates
by the deposits of channel alluvium in large paleo-
channels of the Volga basin are in a good agreement
with the latest data on the time of the early khvalynian
transgression of the Caspian Sea.
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