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HecMoTpst Ha JIUTETBHYIO UCTOPUIO U3YYeHUsI, UCTOpUST (DOPMUPOBAHUS TOJUHbBI BepxHeil Bosru npemn-
CTaBJISIET TIpenMeT nuckKyccuii. ComtacHo HauboJiee paclipoCTpaHeHHO B JIUTEpaType MOIEIN, B MAKCH-
MYM TIOCJIEHETO OJiefiecHeHUsI B 6acceiiHe BepxHeil Boirn Bo3HMKIIa cucTeMa MpUJISTHUKOBBIX 03€p, 1 J10-
nmuHa Bonru o6pasoBanack mumb 14—15 TEIC. JI. H. IIOCIIE CITyCKa 3THX O3€p B pe3yiabTaTe 0Opa30BaHUS
Y4acCTKOB MIPOPBIBa y HbIHEITHUX roponoB Tyraesa u [ineca. YToObl IPpOBEPUTH 3TY TUIIOTE3Y, MbI ITOIbITA -
JINCh OTPENeTUTh MeXaHU3M (POPMUPOBAHUS M BO3PACT JOJMH MPOPHIBA, UCIIOIb3YS METOM JIIOMUHEC-
LIEHTHOTO JaTupoBaHusi. Kpome TOro, 1Jist OLIEHKM OHOTO U3 BO3MOXHBIX MEXaHU3MOB 0Opa30BaHMSI TTPU-
JISATHUKOBBIX 03€p MBI MCITOIb30BaI MOIE/b ISIIIMOM30CTaTUIECKUX Aedopmaliuii. B noimHe mpopsiBa y
r. [In€c Hamu O6bUIa OOHapy:KeHa peyHasi Teppaca, JaTUpOBaHHasl IMTO3AHEMOCKOBCKO-MUKYJIMHCKIM Bpe-
MEHEM, UTO JTOKa3bIBaeT, UTO JOJIMHA HAMHOTO CTapllie MpeaIrojaraeMoro Bajigaiickoro Bo3pacra. B monm-
He He ObUTO OOHAPYXeHO HUKAKWX MTPU3HAKOB O3€PHBIX OTJIIOXEHUI, a MOJEIMPOBaHME He MOKa3alo TaKo-
TO BJIVSTHUS TIISILIUOM30CTaTUYECKMX Aedopmalivii Ha 6acceifH, KOTopoe MOTJIO Obl IIPUBECTH K 0O0pa3oBa-
HUIO MIPUJIEIHUKOBBIX 03ep. B CBSI3M ¢ 9TUM MOXHO MPEAINOJ0XHUTh, YTO BaAARCKUX MPUIETHUKOBBIX
03ep B DOJIMHE He cyliecTBOBaIO. [1o-BUAMMOMY, MPEIBITYIIIMMH UCCIEIOBATEISIMUA 32 O3€PHBIE OTIIOXKE-
HUS MPUHUMAJIMCh IIMPOKO Pa3BUThIE HA CKJIOHAX U JHE NOJWHBI AeNIOBUATbHbBIE CYTIMHKU U 20JIOBbIE
aJIeBpUTHI, KOTOPBIE, ITO JAaHHBIM HAIlleTo TaTUPOBaHUs, NeCTBUTEIILHO OTHOCSITCS K 3ITOXE MOCIIEIHETO
oneneHeHus. 1o JaHHBIM MOAEIUPOBAHMS, B MOCIEIHIO JIEATHUKOBYIO 3MOXY Ha M3y4aeMblil y4acTOK
MIPUXOIUTCS (hOPMHUPOBAHNE KOMITEHCAIIMOHHOTO MPWJIEAHUKOBOTO Basia. Ero BEICOTHI OBLTIO HETOCTATOY -
HO ISl IOANPYXUBaHUs Bosirn, HO yMeHbIlIeHUe YKIIOHA JOJUHBI TOJKHO ObLIO BhI3BaTh HAMPABIEHHYIO
aKKyMYJISILIMIO B pPeKe, YTO TTOATBEPXKIASTCS HaJTUIMeM HU3KOM peuHOi Teppachl COOTBETCTBYIOIIETO BO3-
pacta. B mo3nHesneqHMKOBbE pa3pyllieHUe Bajla BbI3BAJIO BpE3aHUE PEKU.

Knrouesoie crosa: Bangaiickoe OJICACHCHUE, ITPUJIICAHUKOBBLIC O3€pa, INIAIIMON30CTa3usd, KOMIICHCAlIMOH-
HBbII HpI/UICI[HHKOBI:IfI BaJl, JIOMUHCCHCHTHOC NaTUPOBAHUC
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1. INTRODUCTION

With a length of 3.530 km and the drainage basin
area of 1.361 million km? (Tockner et al., 2009) the
Volga is the largest river in Europe. Today the river is
almost entirely regulated as it flows through Central
Russia and into the Caspian Sea. The Volga has been a
focus of geographic, geomorphologic and paleogeo-
graphic research for several decades, and many at-
tempts to reconstruct its history have been made
(Sidorchuk et al., 2009). Nevertheless, there is still
much to uncover about how and when it was formed.
Particularly this concerns the upstream part of the ba-
sin, as its evolution, though much studied, remains
uncertain. The Volga River is traditionally divided into
three unequal parts based on the major differences in
its geological and geomorphological structure (Obedi-
entova, 1977), and its upstream part is referred to as

the Upper Volga (fig. 1). When compared to other
parts of the valley, the amount of conducted research
on the Upper Volga is significantly lesser.

One of the key issues of the paleogeography of the
Upper Volga is the formation of incision valleys since
this process is associated with the river network re-
structuring. These incision valleys are narrow sections
of the Upper Volga valley characterised by a deeply cut
channel, high banks, and the absence of river terraces.
Their formation is assumed to involve a rapidly oc-
curred cutting through the local watershed. Since such
valley sections usually indicate that the valley itself is
relatively young, the researchers (Schukina, 1933;
Mirchink, 1935; Kvasov, 1979) conclude that it joined
the rest of the river system only recently, supposedly,
in late Pleistocene.
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Fig. 1. Elevation map of the research area: digital elevation model (DEM) SRTM. Ice sheet extents are shown as blue dashed lines
(vd — MIS 2 ice sheet extent (Astakhov et al., 2016), ms — MIS 6 ice sheet extent (Moskvitin, 1967)); red dots mark study sites

(1 — Otmishchevo site, 2 — Pogorelka site, 3 — Plyos site).

Puc. 1. Cxema paiioHa uccienoBanusi. OcHoBa — 1udpoBast Moaenb pesibeda (LIMP) SRTM. I'paHuIlb ojlefeHeHU TToKa3a-
HbI CUHUMM ITyHKTUPHBIMU JIMHUsIMU (vd — Basmaiickoe oneneHenue (MIS 2) (Astakhov et al., 2016), ms — mockoBckoe (MIS 6)
(MockBuTuH, 1967)); KpaCHBIMM TOUKAMU OTMEYeHBI KJTloueBbie yuyacTku (1 — OtMmuieBo, 2 — [loropenka, 3 — ITiec).

Over the years, it had been established that the for-
mation of the Upper Volga River must had been influ-
enced by Pleistocene glaciations of the Northern Rus-
sian Plain. It is widely known that they played a major
role in shaping the modern geomorphologic structure
of the region (Kalm, 2012). Most researchers argue
that the formation of the Upper Volga River occurred
at the last stages of the Last Glaciation (called Valdai
glaciation on the Russian plain) (Schukina, 1933;
Kvasov, 1979). Since its basin was largely affected by
the last glaciation event, the Upper Volga supposedly
could have been one of the regions where proglacial
lakes emerged during the Late Valdai (Bolshakova,
1963; Schik, Pisareva, 1998; Astakhov et al., 2016).
This concept was first introduced by Kvasov (1979).
According to his model, a major part of Upper Volga
territory was covered by a large lake system that
formed during the last glacial maximum (LGM, ap-
prox. 21 ka). The river itself was to appear only after
this lake system had stopped existing. Presumably, it
happened due to formation of an incision valley near
the town of Plyos (fig. 1) about 14.5 ka (Kvasov, 1979).
Kvasov does not go into detail on Tutaev incision val-
ley’s mechanism of formation but concludes that it
was formed when the waters of the proglacial lake cut
through the Danilov upland around 15 ka.

This concept of the Upper Volga River’s emer-
gence, through widely accepted, has not been thor-
oughly checked and lacks proper stratigraphical evi-
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dence. There are no direct determinations of the age of
these events, as well as of the time of river valley ad-
justment. Many questions concerning the paleogeog-
raphy of ice-dammed lakes are far from being re-
solved. Areas of flooding, elevation of the lake levels in
relation to the thresholds of runoff, location, and
chronology of overflow events, restructuring of valley
systems — these issues have still been addressed mainly
on the morphological basis (Mangerud et al., 2004).
Virtually no geologically confirmed facts have still
been published, i.e., reliably proved occurrence of de-
posits of the corresponding genesis and their age.

There is also one important aspect of the history of
Pleistocene periglacial areas that could not had been
considered by Kvasov in late 1970s. The formation of
proglacial lakes in the Upper Volga basin could have
been heavily influenced by glacial isostatic adjustment
(GIA). One of the most important effects of GIA im-
pact on the landscape development was the formation
of large lithosphere uplifts located in the periglacial
zones called glacial forebulges. Previous study of large
rivers valleys in Europe, as well as the relief of the bot-
tom of the North Sea and the English Channel, car-
ried out by E.N. Bylinsky (1990), made it possible to
outline the location of Late Valdai glacial forebulge
around the Scandinavian ice sheet. According to By-
linsky’s model (Bylinski, 1990), the glacial forebulge
of the last glaciation crossed the Upper Volga basin in
close vicinity of the Plyos incision valley. One of the
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possible mechanisms for the proglacial lakes’ forma-
tion could involve slight inclination of the basin to-
wards the glacier. This way, the part of the basin locat-
ed within the glacial forebulge would be hypsometri-
cally higher than its source. Such an incline of the
basin surface would allow the waters to be dammed
from both north (by the glacier) and south (by the
forebulge). It is possible to determine the reliability of
this mechanism by employing the GIA model (Spada,
Melini, 2019).

This paper aims to demonstrate the results of re-
cent studies that could provide a geochronological in-
sight into the history of the Upper Volga. Our studies
are focused mainly on the incision valleys, as their
emergence might be the key event in the Upper Volga
valley’s history. The main goal of the study was to de-
termine the age of the Plyos and Tutayev incision val-
leys and the mechanism of their formation. Also, since
their emergence is possibly connected with the forma-
tion of the Upper Volga proglacial lakes, we used a
GIA model (Spada, Melini, 2019) to assess one of the
ways of their possible formation. As this study con-
cerns questions of possible existence of proglacial
lakes on the Northern Russian Plain, it can provide
new knowledge about them. It is widely known that
outbursts and overflows of the large proglacial lakes
through watersheds exerted impact over geomorpho-
logical landscapes and caused the paleogeographic
events of regional and possibly global rank (Svendsen
et al., 2004).

2. MATERIALS AND METHODS

During fieldwork 9 excavations were made in the
key areas (7 boreholes made by mechanical drilling,
and 2 sections). Mechanical drilling was conducted
using the Mount 80 drilling rig. Based on the sedimen-
tological description we made assumptions of the pos-
sible genesis of the sediments.

We employed Optically Stimulated Luminescence
(OSL) as the main dating method. It is widely used for
dating glaciofluvial (Thrasher et al., 2009) and fluvial
(Wallinga, 2002) sediments and has proven to be able
to provide reliable results for low-gradient river sys-
tems in central Russia (Panin et al., 2017), and in par-
ticular in the Volga system (Kurbanov et al., 2020). All
samples were collected in opaque plastic tubes secured
with foil on both ends. To collect the samples during
mechanical drilling a sampler designed specifically for
this purpose was used. The potentially light-exposed
ends of the sample were used for dose rate measure-
ments. A total of 25 samples was collected. Prelimi-
nary sample preparation was performed in Moscow,
MSU, under orange LED lights (Sohbati et al., 2017),
following the procedure described by (Kurbanov et al.,
2020) and (Murray et al., 2021). All measurements
were performed at the Nordic Laboratory for Lumi-
nescence Dating at Risg, Denmark, using multi-grain
aliquots. Samples were measured in a Risg TL/OSL
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reader, model TLDA20, equipped with a calibrated
beta source (dose rate 0.057—0.220 Gy/s) (Hansen
et al., 2015, 2018). For quartz, the single aliquot re-
generative dose protocol was applied to 10 mm diam-
eter multi-grain (180—250 mm) quartz aliquots to es-
timate the equivalent dose (Murray, Wintle, 2000,
2003), with blue (470 % 30 nm) light stimulation, and
260°C preheating for 10 s. Multi-grain (180—250 mm)
feldspar aliquots (2 mm diameter) were measured us-
ing a post IR-IR protocol, with a preheat temperature
of 250°C for 1 min, and stimulation with IR (870 nm)
for 100 s while the aliquot was held at 50°C (IRs), fol-
lowed by a further 100 s with the sample held at 290°C
(pIRIR,9) (Thomsen et al., 2008; Buylaert et al.,
2012). Large multi-grain aliquots were employed as it
was important to identify well-bleached samples; the
average dose is then the most appropriate dose esti-
mate, and for a given number of measurements, this is
most precisely measured using large aliquots.

The samples were analysed for natural radionuclide
concentrations using high-resolution gamma spec-
trometry (Murray et al., 1987). These concentrations
were converted into dose rates using conversion fac-
tors listed by (Olley et al., 1996); a cosmic ray contri-
bution was calculated according to (Prescott, Hutton,
1994), assuming the modern burial depth has applied
throughout the lifetime of the site. Laboratory saturat-
ed water contents were measured.

Dating sediments of glaciofluvial and fluvial origin
is often associated with an incomplete bleaching of
grains in the transport process (Alexanderson, Mur-
ray, 2012). Using both quartz and feldspar signals, we
expected to investigate the degree of bleaching of the
quartz by comparing quartz OSL ages with feldspar IR
and pIRIR ages (Murray et al., 2012).

GIA modelling was also employed to investigate
possible GIA influence on the Upper Volga during the
Late Pleistocene. We used the open-source program
SELEN (version 4.0) (Spada, Melini, 2019) that sim-
ulates the glacial isostatic adjustment (GIA) process in
response to the melting of the Late Pleistocene ice
sheets. SELEN solves the gravitationally and topo-
graphically self-consistent sea level equation for a
spherically symmetric Earth with linear viscoelastic
rheology, while considering the migration of the
shorelines and the rotational feedback on sea level.
SELEN thus allows to model GIA in any given part of
the world and study a broad range of its geophysical ef-
fects. To simulate the GIA effect, SELEN uses data on
the spatio-temporal distribution of glacier loads ex-
tracted from the ICE-6G model (Argus et al., 2014;
Peltier et al., 2015), as well as information about mod-
ern topography based on ETOPO1. Following the user
guide distributed along with the source code (Spada,
Melini, 2019) we ran the program in its standard con-
figuration. Using the resulting data on the reconstruc-
tion of topography we were able to study the changes
in topography under the GIA influence for three time
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Fig. 2. Schematic profile through the Volga’s left riverbank at Otmishchevo site (fig. 1, site 1).
Puc. 2. Cxematnueckuii mpoduib yepes jeBblil 6eper Bonru Ha yaactke OTmuiieBo (puc. 1, KIro4eBoit ygacTok 1).

periods (21 ka (LGM), 17.5 ka, 15 ka). Kvasov (1979)
chose these exact time stamps to reconstruct the Up-
per Volga proglacial lakes. Using the GIS software
(ArcMap 10.5) DEMs of the “paleo-topography” for
the mentioned time periods were created which al-
lowed us to directly determine the changes in topogra-
phy caused by the GIA effect. For a visual demonstra-
tion of these changes in the Upper Volga basin, river
profiles were constructed for each of the time slices
and for the modern river and then compared. More
detailed explanation of our modelling strategy can be
found in our recent paper (Utkina, 2020).

3. RESULTS

Both incision valleys are in the Upper Volga valley
section extending from Rybinsk reservoir to Plyos (fig. 1).
In the Rybinsk-Yaroslavl region the river flows in a
narrow valley while crossing the Danilov upland. The
terrain is relatively hilly alternating in places with flat
areas, typically 150 to 200 m above sea level (a.s.l.).
The valley width varies from 1.5 to 2 km, and the chan-
nel width from 700 to 900 m, with the narrowest part
located near Tutayev (Tutayev incision valley). Down-
stream from Yaroslavl the valley expands up to 20 km
while flowing through the Kostroma lowland, and
then narrows again to cut through the Plyos-Galich
upland, forming the Plyos incision valley. Here, about
150 km downstream from Tutayev, the valley is only
600—700 m wide, with 40—60 m high steep slopes
(around 20°) lining the channel. According to previ-
ous studies (Schukina, 1933; Bolshakova, 1963; Obe-
dientova, 1977; Kvasov, 1979), there are no alluvial
sediments found in the incision valleys, however some
were discovered a few kilometres upstream from them.
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In this study we aimed to check if this pre-established
view on the Upper Volga valley structure is true or not.

The resulting OSL equivalent doses, dose rates and
ages are shown in tabl. 1 together with feldspar to
quartz ratios. The general luminescence characteris-
tics for the samples from the Upper Volga are reported
in our previous paper (Utkina et al., 2022).

3.1. Tutayev incision valley. To examine the valley
structure close to Tutayev incision valley, we studied a
site near Otmishchevo village (located 4 km upstream
from Tutayev (fig. 1, site 1)), where previous research-
ers identified three Volga terraces (Arslanov et al.,
1972). We drilled 5 boreholes and studied one section
in the proposed terrace levels, comprising the resulting
data into a profile (fig. 2). The first borehole (19541)
is in a depression on a gently sloping surface, previous-
ly interpreted as the third Volga River terrace. Up to a
depth of 4.5 m and below the core is comprised of red-
dish-brown loam with sporadic grus. From 3.5 m, it
becomes brick-red with large fragments of ground
metamorphic rocks. Above 2.2 m it is overlain by a
medium silt loam. Overall sequence displays slope
wash deposits, and no sediments of alluvial origin are
found.

The second borehole was placed closer to the edge
of the same surface (19542, fig. 2). At 3.0—4.5 m and
below, there is a heavy brick-red loam with rocks (till).
Below 2.5 m it is covered by fine sand with layers of 2—
3 cm thick loam. Fine-grained sand with a thin hori-
zontal layering follows from 1.9 m. The upper 0.6 m
reveal a light red-brown silty loam. 2 samples were
taken for OSL dating: at 2.0—2.5, and at 2.5—-3.0 m.
The sediments date back to Late Valdai (18—20 ka,
MIS 2). The age was determined with high reliability
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Fig. 3. Schematic profile through the Volga’s right river-
bank at Pogorelka site (fig. 1, site 2). See legend in fig. 2.

Puc. 3. Cxematuueckuii mpoduib uyepe3 IpaBblii beper
Bonru Ha ygactke Iloropenka (puc. 1, KiroueBoit ydya-
cToK 2). JlereHay cM. puc. 2.

since the quartz and feldspar ratios are 1.01—1.04
(pIRIR,4,/Q) and 0.7—0.8 (IR5,/Q) (tabl. 1). The de-
scribed sediment composition allows us to determine
their slope genesis. Two additional boreholes were
made here to trace the top of a till layer (19545 and
19546, fig. 2). The depth of the top changed from 3 to
7.7 m. The upper part of both revealed sequences is
seemingly similar to the borehole 19542.

The next borehole (19543) is located down the
slope, near the edge of a lower terrace level (105 ma.s.l.).
The sequence starts with a till layer at the bottom. The
next 6.8 m are comprised of a loamy sequence, proba-
bly water lain, with several coarser layers (at 7, 4, and
3 m deep). Samples for OSL dating were taken from
depths of 7.0—7.5 m (clayey sand with debris), 6.6—
6.9 m (sandy loam), 5.0—5.5 m (silty loam). This type
of sediment cannot be directly attributed to one dis-
tinct deposition process, but given the abundance of
fine-grained material, it was probably deposited in rel-
atively calm water conditions with coarser layers cor-
responding to periods of faster water flow. The upper
part of the section (1 m) is comprised of fine, probably
aeolian, sands. Based on the ages, this section has two
distinct parts: the upper 4 m appears to be from the last
glacial period, and below that the sediments are much
older, around 200—300 ka.

Down the slope the first floodplain terrace of the
Volga River was discovered. The terrace ledge is sharp
and clear at the confluence of the Dubenka River with
the Volga. The ledge is steep, the height is about 8§ m
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(91 m a.s.l.) above the Volga summer water level. A
terrace section (19544) revealed reddish-brown lay-
ered sandy loam with fine-grained sand and sporadic
pebbles continuing up to 1.8 m deep. Above 1.80 m,
multiple layers (1 to 100 mm thick) of fine-grained
sands alternating with sandy loam were observed. Be-
low 1.5 m, the layers are thinner, 1—5 mm thick, with
the increased number of loamy interlayers. Visible
horizontal layering is characteristic for the entire se-
quence. Samples for OSL were collected at 0.75—0.80,
0.80—0.85, 1.80—1.85, 2.20—2.25 m. The resulting ag-
es date back to the Holocene: the upper ones are
around 1 ka, and the lower ones — around 10 ka. The
quartz and feldspar ratios indicate the average reliabil-
ity of the date (tabl. 1).

3.2. Plyos incision valley. Field studies in Plyos inci-
sion valley were conducted both inside the valley and
30 km upstream from it, where previous studies had
described the terraces as particularly well defined
(Bolshakova, 1963). The latter site (Pogorelka) is lo-
cated ~100 km downstream from Tutayev (fig. 1, site 2).
Bolshakova (1963) identified two terraces in this part
of the Volga valley, with altitudes 110 m a.s.1. (a conju-
gate terrace of Volga and Kostroma Lake) and
100 m a.s.l. Our chosen site revealed what appeared to
be 3 terraces at 90, 100 and 112 m a.s.1. We studied the
sediment composition of the upper (oldest) terrace
(19535, 112 m a.s.l.) and the middle terrace (19534,
100 m a.s.l.) (fig. 3). The oldest supposed terrace is
composed of a 7.5 m-thick sandy and loamy sequence
resting on loamy till layer with boulders. The sediment
layer covering the till is made of fine loamy and silty
layers, further up it is replaced by 1m of fine sand
(sampled for OSL at 3.8 and 3.5 m deep) with visible
horizontal layering. The next 2 m are represented by
coarser sand with rare gravel and pebbles (sampled for
OSL at 2.5 and 1.5 m). Finally, this layer is followed by
0.5 m of medium-grained sand and silt alternation and
then by 0.5 m-thick sequence made up of loam. OSL
dating revealed that these sediments are again much
older than Late Valdai, around 400 ka and even up to
660 ka.

The second proposed terrace (19534, fig. 3) re-
vealed a loamy till layer at a depth of 8 m, and further
up it is replaced by fine-grained clayey sand. At 7.5 m,
there is a silty loamy layer, and at 5.5 m — a silty layer
with a clear horizontal layering. In the upper 2.6 m,
the core is represented by silt with a clayey interlayer at
2.2—2.6 m. OSL samples were taken at 1.3—1.8 m
(silt), 3.6—4.1 m (silt), 4.2—4.7 m (silt), 7—7.2 m (fine
sand). The ages mainly correspond to the Late Valdai
(13—16 ka), with the upper early Holocene one
(10.7 ka). The sedimentological characteristics indi-
cate that these sediments are of aeolian origin.

The last site is in the Plyos incision valley itself. Al-
though it has been suggested that both Upper Volga in-
cision valleys do not contain terraces (Kvasov, 1979),
we identified at least one apparent terrace in the Plyos
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incision valley (fig. 4). It is a sand body leaning to-
wards the left side of the valley, across from the town
of Plyos, where a section naturally created by a slope-
wash processes was studied. It contains a 15-m thick
sequence of alternating coarse, medium, and fine
sands with pebbles and gravel displaying horizontal
and cross lamination. We can confidently identify
these deposits as alluvial sediments of the Volga River.
We took 6 samples from this section for dating: two
from in the upper, two from the middle, and two from
the lower part of the sand body. OSL dating revealed
these to be late MIS 6 — MIS 5 sediments. Ages are not
entirely stratigraphically consistent, but such scatter is
considered typical for quartz. All quartz ages are in the
range 108—153 ka, and consistent with a single depo-
sition period, except for one outlier — the sample with
a quartz age of 59 ka. Since it is totally inconsistent
with all the other ages, it is thought to be wrong and is
not considered further.

3.3. GIA modeling. The reconstructions of GIA in-
fluence on the Upper Volga basin prove that the axis of
the glacial forebulge affected the Rybinsk-Plyos part
of the river. The axis for all time slices lies between
Kostroma and Plyos. The width and height of the fore-
bulge, the length and height of the “slope” to the gla-
cier change over time. For 21 ka, the maximum rela-
tive elevation of the forebulge is 17 m, and the maxi-
mum lowering near the Volga River source is —77 m.
However, we must note that during this time, the
source was covered by the glacier (Astakhov et al.,
2016). For 17.5 ka, the maximum elevation of the fore-
bulge is 12 m, and the maximum lowering near the
source is —85 m. For 15 ka, the maximum elevation of
the forebulge is 9 m, and the maximum lowering near
the source is —65 m. GIA modelling also allowed us to
study the possible changes in the Volga’s profile
throughout the last deglaciation that were caused by
the glacial influence. The comparison of the modelled
profiles with the modern one (fig. 5) shows no suffi-
ciently strong GIA influence to skew the river profile
completely towards the glacier — it mostly retains its
shape. Still, GIA had a certain effect on the Upper
Volga basin. Some skewing can be seen in the upmost
reaches of the river, but it does not affect our key re-
gion. We can also see that during the LGM and degla-
ciation the profile was slightly elevated in the area
close to the forebulge axis (Kostroma-Plyos, fig. 1).
According to our reconstructions, the height of the
glacial forebulge gradually decreased throughout the
deglaciation, and the riverbed followed these changes.

4. DISCUSSION

The most widely accepted Upper Volga evolution
model (Kvasov, 1979) proposes that the Upper Volga River
valley was formed after the MIS 2 proglacial lakes
drained to the south. Both Upper Volga incision val-
leys formed during the lake drainage, but it was the
formation of Plyos incision valley specifically that gave
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Fig. 4. Schematic section made on the left side of the Plyos
incision valley. See legend in fig. 2.

Puc. 4. CxemaTuyeckoe 0ToOpaxkeHHe pa3pesa, 3aJ10XKeH-
HOTO Ha JIeBOM Oepery OOoJIUHBI ITpopkiBa y I. I1néc. Jle-
TeHly CM. pUC. 2.

way to the south drainage and the river valley emer-
gence. Following this model, we expected the land-
forms in the incision valleys to date back mostly to
MIS 2 or shortly thereafter. Moreover, according to
previous studies, there was supposed to be no alluvial
sediments and river terraces in the incision valleys it-
self. Nevertheless, our field studies allowed us to lo-
cate these in the Plyos incision valley. The sand body
we discovered there is confidently identified as an al-
luvial sediment and dates back to the late MIS 6 —
MIS 5 time. Thus, we can refute the previously stated
statement about the absence of terraces in the Plyos
incision valley, and, in addition, determine the time
when the valley should have already existed. If it is
filled with the late MIS 6 — MIS 5 sediments, we can
safely assume that the valley was formed long before
MIS 2.
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Fig. 5. Comparison of the present-day Upper Volga River profile with the ones built for 21, 17.5 and 15 ka using GIA modelling

(Spada, Melini, 2019; Utkina, 2020).

Puc. 5. [MpononsHbie npoduii BepxHeit Boiru, nocrpoeHHble Ha BpeMeHHbIe cpe3bl 21, 17.5 u 15 Teic. J1. H. 1o naneo-LIMP, pe-
KOHCTPYMPOBaHHBIM ¢ nioMolbio nporpamMmbl SELEN4, Monenupyolieii majeoronorpaduio ¢ yueToM IISIIMOU30CTaTHYC-

ckux necdopmanuuii (Spada, Melini, 2019; Utkina, 2020).

During the study of the Tutayev incision valley, the
first terrace of the Volga River with a height of 8 m
above the summer water level (91 m a.s.l.) was discov-
ered. According to the OSL dating results, the terrace
formation continued throughout the Holocene (from
approx. 10 ka to approx. 1 ka). Other boreholes further
up the slope did not reveal confidently identified allu-
vial or lacustrine deposits. The upper part of the valley
slope is covered by slope deposits, and in the middle
part a layer of presumably fluvioglacial deposits (dat-
ing back to 200—300 ka) was discovered overlying the
till. 30 km upstream from Plyos a similar sediment was
found being even older than the one near Tutayev
(400—500 ka). Other recent studies of the Upper Volga
valley sediments showed similar results in some other
places in the valley (Utkina et al., 2022). For now, we
are uncertain of the correct interpretation of these da-
ta, and further studies are required to resolve this issue.
Another borehole from the same site allowed us to de-
termine the Late Valdai—early Holocene aeolian sedi-
mentation in the valley.

Following the GIA modelling results, we can as-
sume that the proglacial lakes formation under the
GIA influence can be ruled out for the Rybinsk-Plyos
section of the Volga, since we can see no sufficiently
strong GIA influence to skew the river profile com-
pletely towards the glacier. Moreover, we did not find
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actual proof of late Pleistocene lake deposits in the
Upper Volga valley. Slight skew in the upper reaches
near the Volga source might mean that the proglacial
lakes existed there during Late Valdai, but there is no
evidence for it happening to the Rybinsk-Plyos part of
the river. However, the GIA effect appears to have in-
fluenced this part in some other way — the gradual de-
crease of the glacial forebulge throughout the deglaci-
ation caused notable change in elevation of the Volga
riverbed. This process should have caused an increase
in the slope of the riverbed and, in turn, its postglacial
cutting episode.

Thus, according to the data we have obtained on
the geological and geomorphological structure of the
incision valleys, their formation should have occurred
in the Late Moscow (Late MIS 6) time, which is most
convincingly evidenced by the Plyos incision valley
terrace. Excluding the possibility of proglacial lakes
emergence in the Upper Volga basin, the most likely
mechanism for the incision valleys formation is the
meltwater erosion caused by the meltwater flows of the
Moscow (MIS 6) glaciation, when the glacier border
was last the closest to the key area. If so, the Upper
Volga valley was formed and became part of the larger
Volga River system at late MIS 6. The GIA effect of
the MIS 2 glacier was manifested through the fore-
bulge evolution during the last deglaciation. The grad-
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ual decrease in the forebulge height caused the cutting
episode which is confirmed by the Holocene terrace.

5. CONCLUSION

New data on the structure of the incision valleys
and the possible GIA influence on the development of
the Upper Volga valley in the Late Pleistocene allows
us to clarify some available information about the Up-
per Volga Valley and its evolution. According to the
most popular model of the Upper Volga emergence,
its valley did not exist yet in MIS 2 and its basin was
occupied by a proglacial lake system dammed by the
MIS 2 glacier. The valley was formed around 14.5 ka,
when the Plyos incision valley emerged, and the lake
system was drained to the south, although same parts
of the modern valley, like the Tutayev incision valley,
were formed even prior to this event. Since other re-
searchers also connected the formation of the incision
valleys to the formation of the entire Upper Volga val-
ley, we chose them as key regions in this study. Other
than that, we considered possible GIA influence on
the basin which might have served as one of the possi-
ble reasons for the proglacial lakes’ existence: the
MIS 2 glacial forebulge cutting across the Rybinsk-

Plyos river part could have skewed the topography of
the basin towards the glacier, thus damming the water-
flow between itself and the ice sheet.

It was found that most likely both incision valleys
were formed in the MIS 6 (Late Moscow time) during
the formation of a glacial meltwater runoff system
connected to the retreat of the MIS 6 glacier. The late
MIS 6 — MIS 5 terrace found in the Plyos incision val-
ley serves as strong evidence of the valley existence
during that time. No MIS 2 limnic or alluvial sedi-
ments were found in the valley, and the GIA modelling
did not show any proof of possible lake formation due
to the skew towards the glacier. During late MIS 2, the
Upper Volga could have experienced a cutting episode
caused by a gradual riverbed slope decrease, which oc-
curred because of the glacial forebulge surface lower-
ing as the ice sheet retreated. The accumulation began
in the valley in the early Holocene and resulted in the
formation of a terrace. This Holocene terrace was lo-
cated in the Tutaev incision valley. Thus, the general
configuration of the Upper Volga valley and its basin
was established in the late MIS 6, when the incision
valleys were also formed.

UPPER VOLGA'’S INCISION VALLEYS: GEOMORPHOLOGICAL ASPECTS

AND DEVELOPMENT HISTORY
A. O. Utkina%* and A. V. Panin*

¢ [nstitute of Geography Russian Academy of Sciences, Moscow, Russia
#E-mail: utkina@igras.ru

The evolution of the upstream part of the Volga River, the Upper Volga, is still uncertain. According to the
most popular model, the river emerged after the MIS 2 proglacial lakes, supposedly formed in its basin, were
drained 14.5 ka after the Plyos and Tutayev incision valleys formation. To test this hypothesis, we aimed to
determine the mechanism of formation and age of the incision valleys using luminescence dating. Also, we
used a GIA model to assess one of the possible ways of proglacial lakes formation. We found that the terrace
located in the Plyos incision valley dates back to late MIS 6 — MIS 5, proving that the valley is much older
than the proposed MIS 2 age. Since no evidence of limnic sediments were found in the valley and the mod-
elling did not show a significant GIA influence on the basin that could lead to the proglacial lake formation,
we can assume that the valley was not occupied by lake water in MIS 2. Apparently, previous researchers mis-
took various loams and silts, widely developed on the slopes and in the bottom of the valley, for MIS 2 lake
sediments. According to our dating data, these sediments do date back to MIS 2, but are rather of slope and
aeolian origin. Following our GIA modelling results, during MIS 2 the Upper Volga valley was affected by a
glacial forebulge formation. Its height was not enough to dam up the Volga, but the forebulge relaxation pro-
cess caused the valley slope to gradually decrease. Due to that accumulation followed, confirmed by the pres-
ence of a river terrace of an appropriate age. During late MIS 2, disappearance of the forebulge led the river
to incise.

Keywords: Valdaian (Weichselian) glaciation, proglacial lakes, glacioisostasy, glacial forebulge, luminescence
dating
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