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The Russian—Lithuanian cross-border area around the Nemunas and Sesupé rivers confluence is a key area for solving
palaeogeographic issues important for this region: when the Nemunas Delta started to form, why the essential changes of
hydrographic network occurred, and so on. The results of conventional radiocarbon (1“C) dating and pollen analysis in the
present dry valley between the Se$upé River and the |srutis River as well as the results of former studies at the Riadino-5 ar-
chaeological site suggest that the essential changes in the Nemunas River hydrographic system occurred before 9.5 ka,
most likely in Preboreal time, when the Nemunas River cut through the VilkiSkés Marginal Ridge and started to flow directly to
the west from this ridge into one of the former basins of the Baltic Sea — to the Yoldia Sea, or to the Ancylus Lake. A new di-
vide was formed between the SeSupé and |srutis rivers, and the basins of the Nemunas and Prieglius rivers (formerly a single
hydrographic system) became two independent drainage basins of the Baltic Sea. The present Nemunas Delta formation
started after the Litorina Sea transgression when the Nemunas River mouth moved from a Baltic Sea nearshore position to
close to the western margin of the VilkiSkés Marginal Ridge. A set of palaeogeographic reconstructions of the Nemunas and
Sesupé rivers confluence area for different periods of the very end of the Last (Weichselian) Glacial and the beginning of the
Holocene have been constructed.
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INTRODUCTION tific achievements, there remain a number of unsolved prob-
lems, for example: the definition of geographic limits of the delta
(Basalykas, 1961; Gudelis and Klimaviciené 1990a, 1993;
Zaromskis, 2000), interpretation of delta’s geological structure

(Basalykas, 1961; Dvareckas and Gaigalas, 1996; Kunskas,

One of the greatest tributaries into the southeastern Baltic
Sea is the Nemunas (Neman, Memel) River, which flows into

the freshwater Curonian Lagoon and the delta of which forms a
large flat lowland on the eastern onshore of the lagoon (Fig. 1).
From an administrative point of view, the largest part of the
Nemunas Delta belongs to the Kaliningrad Oblast of the Rus-
sian Federation, and only about one tenth of the delta (north-
western part) is located in Lithuanian territory. This region has
been an important focus for the research. Despite many scien-
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1996), reconstruction of the geological evolution and changes
in palaeogeographic conditions during different stages of the
Baltic Sea development (Basalykas, 1961; Cervinskas and
Kunskas, 1982; Gudelis et al.,, 1989-1990; Gudelis and
Klimaviciené, 1990b, 1993; Kunskas, 1996; Gudelis, 1998;
Savukyniené and Ruplénaite, 1999), and others. A brief sum-
mary of these problems was presented in a special paper on the
Nemunas Delta evolution during its final stage of development,
i.e. during the last millennium (Bitinas et al., 2002), but this was
related only to the Lithuanian part of the delta. The question of
when the entire Nemunas Delta started to form has been dis-
cussed, but not solved until now. In the present paper we at-
tempt to solve this problem using data from the Russian—Lithu-
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Fig. 1. Digital elevation model (DEM) of the Nemunas Delta and surrounding region of the Lithuanian Republic
and Kaliningrad Oblast, Russian Federation

The area covered by palaeogeographical reconstructions (see Fig. 4) is defined by a rectangle: the geological section in the Riadino-5
archaeological site is shown by a triangle, and the drilling sites (including borehole no. 3) in the erosional SeSupé—|srutis valley by a circle

anian cross-border area around the confluence of the present
Nemunas and Sesupé (Sheshupe) rivers, as well as from the
Sesupé—|srutis (Instruch) divide. Researchers from two neigh-
bouring countries were involved in the realization of this project.

GEOLOGICAL-PALAEOGEOGRAPHICAL SETTING

The dry valley located between the present SeSupé and
|srutis rivers is a key area for resolving the problem of the
Nemunas Delta formation. According to geological and
geomorphological data (Figs. 1 and 2) this valley was the main
channel for meltwater discharge from the north to south, and
further — to the west, along the valley of the present Prieglius
River, during the final stage of the Last (Weichselian) Glacial
(Straume, 1982). This happened when large areas of Lithuania
and the Kaliningrad Oblast were just semi-deglaciated, but the
area of the present Nemunas Delta and northern part of Semba
Peninsula was still occupied by a dead ice massif (Guobyté and
Jusiené, 2007). The end-moraine ridge, named the Vilkiskés
Marginal Ridge (VMR), was formed between these two areas
by geological activity of the ice lobe that advanced via the pres-

ent depression of the Curonian Lagoon and Nemunas Delta.
Thus, meltwater runoff was directed along the margin of this
end-moraine ridge and a large erosional valley, stretching from
the lower reaches of the Jara River to the present Baltic Sea
(Vistula Lagoon), was developed (Fig. 2). Later, at the begin-
ning of the Holocene, this valley became part of a hydrographic
network. At that time the Nemunas River collected water from
its tributaries — the Jara and Sesupé rivers — and flowed into the
|srutis River, then and farther to the Prieglius (Pregel) River.
The runoff from the entire Nemunas hydrographic system was
directed to the south from the Semba Peninsula (Straume,
1982). At that particular moment in the past the Nemunas River
cut through the VMR and started to flow into the Baltic Sea ba-
sin to the north of the Semba Peninsula. Thus, this event be-
came not only the starting point of the new Nemunas Delta for-
mation, but also gave a beginning for two independent hydro-
graphic drainage systems of the Baltic Sea basin. The present
divide between the catchments of the Vistula Lagoon (Prieglius
River system) and the Curonian Lagoon (Nemunas River sys-
tem) is in the middle of a dry valley located between the lower
reaches of the Se$upé River and the |srutis River (Chubarenko,
2008). A network of dry channels, the relicts of a few small rivu-
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Fig. 2. Quaternary geological map of the Nemunas Delta and surrounding region of the Republic of Lithuania and Kaliningrad
Oblast, Russian Federation (compiled by R. Guobyté)

lets and ponds in former peat exploitation sites, currently repre-
sents the hydrographic system in the erosional Sesupé—|srutis
valley. Despite the general palaeogeographic situation of this
region being evident, a few issues are still unresolved: (1) what
exact geological-palaeogeographic situation existed at that
time; (2) when did the Nemunas River cut through the VMR;
and (3) what caused this event. For the more detailed recon-
struction of the palaeogeographic situation, data from geologi-
cal investigations at two key points in the former Nemunas
River valley (our so-called erosional Se$upé—|srutis valley)

were used: an excavated geological section at the Riadino-5 ar-
chaeological site; and a few specially drilled shallow boreholes
in the middle part of this valley (Figs. 1 and 2).

METHODS

Geological field observations and drilling. The fieldwork,
including the digging of a few tens of shallow excavations,
geomorphological observations and photo documentation
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Table 1

Geological section of borehole no. 3

No. of layer
Depth [cm] Lithological description

Study methods

1

0.0-170 Peat, black and dark brown, well-decomposed, compact, from the depth of 1.6 metres the peat has a brown tint,

’ 14 deposit contains an admixture of gyttja.

Pollen an.; *C

2

170-180 Gyttja, greenish grey, compact, carbonated, with fragments of freshwater mollusc (Valvata sp.?) shells.

Pollen an.

3

180-200 Sandy-silty gyttja, greenish grey with brown tint, compact, with single fragments of freshwater mollusc (Valvata sp.?) shells.

Pollen an.

4 Sandy silt, greenish grey, compact, laminated (with thin interlayers of brown gyttja-sandy siIt?, with single fragments

200-220 of freshwater mollusc (Pisidium sp.?) shells. At the depth of 2.0-2.15 m — thin interlayers of brown sandy silt with
gyttja and remnants of freshwater molluscs (more frec1uent), at the depth of 2.5-2.2 m — very thin interlayers of grey

Pollen an. clayey silt.

5

220-310 Silty clay, greenish grey, compact, plastic, from the depth of 2.75 m with thin interlayers of very fine grey sand.

Pollen an.

210_320 Till (clayey loam), yellowish brown, massive, compact, with individual gravel layers and pebbles.

around the confluence of the Nemunas and éeéupé rivers, was
carried out in 2011. Three shallow boreholes (up to 2.9-3.4 min
depth) a few hundred metres apart were drilled by a hand auger
in the central part of the dry erosional Se$upé—|srutis valley in
2012 (Figs. 1 and 2). A very similar sequence of geological strata
was discovered in all borehole sections. One of the 3.2 m deep
boreholes with the greatest thickness of organic deposits and the
best quality of drill core (no. 3; Table 1; located 54°53'52"N,
22°08'12’E; about 14 m above mean sea level) was chosen as a
key section and sampled for pollen analysis in detail, while a few
samples for radiocarbon (**C) analysis were also collected (Ta-
ble 2). All samples were collected below 100 cm depth because
the uppermost levels in the area investigated have been dis-
turbed by peat exploitation and subsequent amelioration.

The geological section situated in the lower reaches of the
Sesupé River and located on the highest (third) overbank terrace
of the left riverside (55°01'40”°N, 22°11°46”E) about 23 m above
mean sea level was used as an additional point of investigations.
This geological section was discovered and investigated in detail
during archaeological excavations in 2009-2011 and is known
as the Riadino-5 archaeological site (Druzhinina, 2012, 2013).
The excavation was supplemented by the investigations of
lithostratigraphy, geochemistry and chronostratigraphy, dating by

radiocarbon (14C) and infrared stimulated luminescence (IRSL)
dating (Druzhinina, 2012; Druzhinina et al., 2016).

Pollen analysis. Palynological investigation was carried
out for 32 samples taken from borehole no. 3. Pollen and
spores for preparation were extracted by means of chemical
treatment in several steps according to generally accepted
principles (Faegri and lversen, 1989). The preparations were
examined microscopically under 400x magnification in order
to identify pollen and spore taxa as well as other plant rem-
nants. For this purpose a number of identification keys were
used (Gottlich, 1990; Faegri and Iversen, 1993; Beug, 2004;
Nelle, 2006). In pollen counting, the total sum of arboreal pol-
len was at least 500 grains. A pollen diagram was generated
on the basis of the data obtained using the C2 data analysis
programme (Juggins, 2014; Fig. 3). Pollen percentage values
were calculated as a share of total sum of pollen grains from
trees and shrubs (AP) and terrestrial herbaceous plants
(NAP). The pollen of aquatic plants, spores and Pediastrum
coenobia was excluded from the total pollen sum. Their per-
centage values were calculated as ratios to the sum of AP +
NAP. Pollen concentration was calculated using Lycopodium
tablets (Stockmar, 1971).

Table 2

Results of conventional "C dating of sediments in the borehole no. 3

14
No. | Lab. Depth Analysed Igg{gfg%%?ggﬁfggg' [ye;:rsa%eP] Calibrated age Calibrated age
index [cm] sediment (AAA) pre-treatment (#10) (1o ranges) (20 ranges)
. 3830-3785 BP (12.4%)
1 |Vs-2360 | 110-120 | peat, bulk | 'otelorganiccarbon | 34354 75 | 3775-3740 BP (9.8%) 33859305' 335215800882(932;3’;/0)
3735-3605 BP (46.0%)* . (3.4%)
2 | Vvs-2359 | 130-140 | peat, bulk TOC 3035+ 70 | 3350-3155 BP (68.2%)" | 3385-3005 BP (95.4%)
, , 9480-9230 BP (55.9%)"
3 | Vs-2361 | 160170 | Peat with gyttja, TOC 8335+ 140 | 9225-9195 BP (4.5%) | 9550-8998 BP (95.4%)
9180-9135 BP (7.7%)

*main interval of 16 is considered in the text
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Radiocarbon ("“C) analysis. The analysis of three bulk
samples of peat and gyttja peat collected in borehole no. 3 was
performed by conventional (*C) dating at the Laboratory of Nu-
clear Geophysics and Radioecology, State Research Institute
Nature Research Centre, Vilnius, Lithuania (Table 2). The
pre-treatment of the samples included crushing and acid-al-
kali-acid (AAA) washing to remove carbonate and humic acid
contamination. The remaining bulk organic carbon was used for
benzene production (Kovaliukh and Skripkin, 1994). The tech-
nological lines for benzene synthesis and purification used for
analysis were produced at the Kiev Radiocarbon Laboratory,
Ukraine. The specific Ye activity in benzene was measured us-
ing the liquid scintillation counting (LSC) method described by
Gupta and Polach (1985), Arslanov (1985), Kovaliukh and
Skripkin (1994), and using the liquid scintillation analyser
Tri-Carb® 3170TR/SL. All radiocarbon dates were calibrated
using the "C calibration program OxCal v. 3.1 (Bronk Ramsey
et al., 2010) and the calibration curve IntCal13 (Reimer et al.,
2013). The calibration of radiocarbon dates (calendar years BP)
was performed using the calibration curve radiocarbon and cali-
bration program OxCal v. 4.1.

Maps and palaeogeographic reconstructions. For
geomorphological analysis of the area investigated a Digital El-
evation Model (DEM) prepared from the Shuttle Radar Topog-
raphy Mission (SRTM) data products (2003-2007) was used
(Fig. 1). The geological map compiled by R. Guobyté (Fig. 2)
was based on the geological information of the state geological
maps at a scale of 1:200,000 (Grigelis, 1970) carried out in dif-
ferent years for the separate parts of the territories of Lithuania
and Kaliningrad Oblast; the interpretation of aerial photo (scale
1:18,000—1:20,000) and cosmic-photo images (scale 1:50,000)
was also used. The palaeoreconstructions of the VilkiSkés Mar-
ginal Ridge formation carried out for the Rambynas Regional
Park, i.e. for the Lithuanian part of the VMR (Guobyté and
Juodkazis, 2003; Guobyté and Jusiené, 2007) serve as a very
important piece of information about the geological structure of
the VMR. As a result of the compilation of all these investiga-
tions a number of palaeogeographic schemes with palacogeo-
logical cross-sections were constructed for the region of the
Nemunas and Se$upé rivers confluence — the area covered by
the palaeogeographic reconstructions is shown in Figure 1.

RESULTS AND INTERPRETATION

DRY EROSIONAL VALLEY BETWEEN THE SESUPE AND |SRUTIS RIVERS

Geological setting. We have no detailed data concerning
the geological structure of the Quaternary of the erosional
Sesupe—|srutis valley, based on the results of detailed geologi-
cal mapping (i.e. at larger scale than the state geological maps
at 1:200,000 scale; Grigelis, 1970) or borehole sections of the
full Quaternary made by drilling rig. Thus, the geological map at
a small scale (Fig. 2) and three very shallow hand-made bore-
holes drilled in the bottom of the valley enabled an approximate
interpretation of the geological setting of this region. The ero-
sional SeSupé—|srutis valley is engraved into the glacial depos-
its of the Last (Weichselian) Glaciation that dominate the sur-
roundings of the valley. The alluvial sediments of the Last Glaci-
ation and of the beginning of Holocene were deposited at the
bottom of this valley (Fig. 2). Holocene peat locally overlies
these deposits. The geological description of the key section
(borehole no. 3) sampled both for pollen and radiocarbon (*C)
analysis is shown in Table 1.

Pollen analysis: results. The core analysed is 310 cm long
consisting in half of fen deposits (105—-170 cm) with high pollen

concentrations (Fig. 3). Downwards up to 215 cm depth these
are replaced by lacustrine deposits of gyttja and silt where pol-
len concentrations decrease rapidly. The next 80 cm of the core
consists of sandy silt and silty clay (215-295 cm) without pollen
and spores. The lowest 15 cm contain a very small amount of
pollen.

Based on the pollen diagram, two local pollen-assemblage
zones (LPAZ) were identified for the profile (Fig. 3).

LPAZ 1: Betula—Artemisia (215-160 cm). The first zone is
defined by low pollen concentrations (5725-65909 grains/cm?®),
Betula pollen dominates (up to 60%). There is a considerable
content of Artemisia (up to 10%) and Pinus (up to 66%) pollen.
Pollen percentage of other species is negligible. Pediastrum
boryanum spores prevail in this pollen-assemblage zone.

LPAZ 2: Tilia—Alnus—Picea—Polypodiaceae (160—100 cm).
The second zone is defined by high concentrations of pollen
and spores (82630—255021 grains/cm?®). The lower boundary of
the LPAZ 2 is drawn along the increase in Tilia, Picea, Alnus
pollen as well as in Polypodiaceae spores and simultaneous
decrease in Betula and Artemisia pollen. Percentages of Pinus,
Corylus and Quercus pollen are 25-45%, 1-2% and 1.6—3%,
respectively.

Radiocarbon dating. The results of dating of three organic
bulk samples from borehole no. 3 are shown in Table 2.

Interpretation. A high percentage of green freshwater al-
gae Pediastrum boryanum is typical for this LPAZ and shows
that sedimentation took place in water, though the gradual de-
crease and disappearance of Pediastrum remnants upwards in
the profile indicates change of sedimentation conditions. Pollen
have not been detected in the lowermost part of the borehole
section (215-300 cm), or there are only single grains — this
might be a result of rapid sedimentation. Two samples in the
lowermost part of the silty clay layer, directly above the till
(300-305 cm), contain a very similar pollen spectra to those de-
termined in LPAZ 1. Thus, it is possible to assume that the low-
ermost part of borehole section was formed at the same time as
the sediments of LPAZ 1, i.e. most likely during the Preboreal.
The radiocarbon dating of peat with gyttja from the lowermost
part of LPAZ 1 (9480-9230 cal yrs BP, 160-170 cm) gives
ground for assuming that sedimentation in the basin continued
until the first half of Boreal.

It is noteworthy that the lower part of the LPAZ 1
(205-215 cm) contains a large amount of Myriophyllum
spicatum pollen while Pediastrum remnants occur rarely at this
horizon. The first species grows in shallow basins; the second
one inhabits deeper water bodies. The pollen concentration of
Myriophyllum spicatum is present down to the 210 cm horizon
and rapidly vanishes at 200—205 cm with the simultaneous in-
crease of Pediastrum content. This shows that the increase of
water level and change of sedimentation character in the lake
started from the point of 200—-205 cm, where gyttja accumula-
tion starts. The arrangement of pollen spectra in LPAZ 2 re-
flects, apparently, a wide distribution of either broad-leaved for-
ests with lime and oak dominance or present-day-like mixed
broad-leaved-coniferous communities. Such a character of
vegetation was rather typical for the Late Holocene in the adja-
cent area (Gams and Ruoff, 1929; Steffen, 1931; Neustadt,
1957). Peculiarities of pollen spectrum and the results of radio-
carbon dating (3735-3605 cal yrs BP and 3350-3155 cal
yrs BP) suggest that sediments attributed to the LPAZ 1 accu-
mulated during the Subboreal. The sedimentation character at
the core site is evidence of alder swamp formation at that stage
which is additionally suggested by a considerable amount of
Alnus pollen and spores of Polypodiaceae peculiar to alder
swamp ecosystems.The results of both pollen and radiocarbon
dating show that it was a relatively long (about 6 ka) period of
peat accumulation at the site investigated: from the first half of
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the Boreal until the Subboreal (Fig. 3). The data allows us to
form only a very general image of changes in palaeogeographic
conditions during the formation of the post-glacial sedimentary
succession in the SeSupé—|srutis dry valley investigated. This
succession originated in two stages. The first stage began at a
particular moment of the Preboreal with silty clay accumulation
in the relict lake after the river drainage. During the existence of
this basin the mineral components (clay, silt, and fine sand)
were gradually replaced by organic sediments (gyttja), possibly
due increase in water level. Finally — probably just in the first half
of the Boreal — the lake was drained and peat accumulation be-
gan. Due to unknown reasons (most likely due to the lowering of
the groundwater level) the peat accumulation was interrupted
for a few millennia. This process was renewed at the second
stage of sedimentation, during the Subboreal, and the upper-
most part of the peat layer was formed.

LOWER REACHES OF THE SESUPE RIVER

Geological setting. The geological section of alluvial depos-
its investigated at the Riadino-5 archaeological site is located on
the third overbank terrace of the Sesupé River. Individual aeolian
dunes, complex dune systems and small sand ridges are devel-
oped on the flat top of this terrace. Alluvial sediments to 0.5 m
depth are generally composed of light yellow fine- and me-
dium-grained sand with individual pebbles and charcoal. The up-
permost part of the alluvium (to ~0.25 m depth) has been
changed by ploughing. The alluvial sand overlies a sedimentary
unit (0.5-0.6 m) which consists of reddish-brown, ferruginous
loamy sand, unsorted, with high gravel content. A layer of coarse
and medium-grained light grey sand, with an admixture of gravel,
comprises the lowest part of the section —from 0.6 m and deeper
(Druzhinina et al., 2016). In some places, the sub-horizontal lay-
ering is destroyed by palaeo-seismodeformation structures
(sand diapirs) that are characteristic for post-glacial deposits of
the southeastern Baltic (Bitinas and Lazauskiené, 2011; Bitinas,
2012; Nikonov, 2013).

Chronology of the site deposits. The sample of charcoal
(8800 + 600 yrs BP calibrated at the 95.4% level to 11718-8446
cal yrs BP) is related to the lower part of the alluvial sand; the ra-
diocarbon age obtained is roughly in accordance with the IRSL
date for a sediment sample (8.1 £ 0.6 ka) taken from the same
layer. The IRSL dates for the sediment units underlying the allu-
vial sand (deeper 0.6 m) show a 44.0 + 3.4-62.1 + 4.6 ka age
that allow attributing them to the Mid Weichselian (Druzhinina et
al., 2016).

GEOLOGICAL DEVELOPMENT OF THE REGION
DURING THE END OF THE LAST GLACIAL AND
BEGINNING OF THE HOLOCENE

The palaeogeographical reconstructions of the area of the
Nemunas and Se8upé rivers confluence have been developed
using the results of the geological data collected and published
materials. A set of palaeoreconstructions has been subdivided
into the 5 stages (Fig. 4A-E).

Stage A (Fig. 4A). Close to the end of deglaciation of the
Last Glacial (about 15.0-14.5 ka BP) the dead ice massif that
covered the entire territory was dissected into separate blocks.
Meltwater basins started to form between the blocks. When re-
activation of the Scandinavian Ice Sheet (SIS) occurred, a lobe
of active ice surged into the dead ice massif from the west. Its
margin stabilized approximately at the position occupied by the

present VMR. A relatively deep (at least 80—100 metres) and
large meltwater basin was formed between the massifs of ac-
tive and dead ice in the place of the present Nemunas valley.
About 80 m of glaciolacustrine kame deposits (generally com-
posed of fine sand) accumulated in this basin (Guobyté and
Juodkazis, 2003; Guobyté and Jusiené, 2007). Thrust-folding of
the glacial deposits (deformational till) took place along the en-
tire marginal zone of the active ice lobe.

Stage B (Fig. 4B). During the further deglaciation (about
14.0 ka BP), the active ice surge was transformed into a dead
ice massif. The area covered with older dead ice massif (more
completely melted and thinner) disappeared more quickly —
only a few relicts of dead ice blocks were left in the eastern part
of the area investigated. Meanwhile the western part of the area
was still covered with dead ice. A large, shallow meltwater basin
was formed in the eastern part of the area investigated: a few
metre-thick sediment layers (fine sand, silty sand, silt) accumu-
lated. At the end of this stage, when the meltwater basin be-
came shallower, braided streams of meltwater dissected the
glaciolacustrine sediments and left wide belts of glaciofluvial
deposits, composed of sand or sand with gravel.

Stage C (Fig. 4C). The SIS in the southeastern Baltic Sea re-
gion completely melted at approximately 14-13 ka BP
(Rinterknecht et al., 2008). Thus, at that time (about 13.5-13.0 ka
BP) the VMR appeared as a landform elevated above the sur-
rounding terrain. It was a typical end-moraine with thrust-fold struc-
ture (i.e. deformational till), except for the place where the marginal
ridge is dissected by the present Nemunas valley — this part of the
ridge is represented by a kame massif composed of fine sand. In
the eastern part of the area investigated area a system of meltwa-
ter channels formed: the general direction of meltwater flow was to
the south, along the eastern margin of the VMR. During this stage
the present-day river system was born. The area to the west of the
VMR became as a flat plain where a basal till or glaciolacustrine
sediments were deposited.

Stage D (Fig. 4D). At the beginning of Holocene (about
11.0 ka BP), a network of rivers finally developed — they started
to modify their valleys, and to meander. At that time, the
Nemunas River flowed westwards, but the VMR, as an obsta-
cle, determined its further flow to the south, to the valley of the
present Prieglius River. A large meander on the eastern side of
the VMR started to form — in this place the Nemunas River in-
tensely eroded soft sand of the kame massif. A system of ra-
vines on the steep slopes of the VMR and the valleys of rivers
started to form — these processes developed most intensely on
the slopes formed of soft sandy deposits.

Stage E (Fig. 4E). Due to the Nemunas River erosion from
the east, and, most probably, simultaneously with the ravine
erosion from the west, the VMR was cut through in the area
where the sandy kame massif was developed. As a result, at
some point before 9.5 ka, the Nemunas River radically changed
its direction and started to flow westwards. The lower reaches of
the SeSupé River occupied part of the former Nemunas River
valley, and moved its mouth to the north. The |srutis River con-
tinued to flow to the Prieglius River. The large valley between
the Sedupé and [srutis rivers became a dry valley with a few riv-
ulets. A few relict lacustrine basins in the places of the former
riverbed were later filled with peat. Linear erosion of the
Nemunas River influenced the related erosion of its inlets
(Sesupé and Jira) what formed a few overbank terraces. At the
same time aeolian processes, that were active in that part of the
region approximately until 4.5 ka BP (Molodkov and Bitinas,
2006), started to change the flat sandy surfaces of
glaciolacustrine and glaciofluvial plains and overbank terraces
into a dune relief.
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Fig. 4. A schematic model of the palaeogeographical changes in the Nemunas and Sesupé rivers confluence region at the very

end of the Weichselian and beginning of the Holocene; below each scheme a palaeogeological cross-section is shown

The palaeogeographical schemes are approximately for the following periods:
A —15.0-14.5 ka BP; B — ~14.0 ka BP; C — 13.5-13.0 ka BP; D — ~11.0 ka BP; E — >9.5 ka BP (compiled by A. Bitinas)
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DISCUSSION AND CONCLUSSIONS

One of the main issues of investigations was to set a date
when river activity in the present dry valley between the Sesupé
and |srutis rivers terminated. The results of the radiocarbon dat-
ing of peat in borehole no. 3 show that the peat formation
started 9480-9230 cal yrs BP, i.e. maximum about 9.5 ka BP,
during the Boreal. Before that, a lacustrine environment existed
in this valley, but it was impossible to date gyttja from the
170—-180 cm depth due to technical issues of drilling and sam-
pling (too little extracted core material). This means that the
Nemunas River started to flow directly to the Baltic Sea basin
across the VMR before 9.5 ka, most likely during the Preboreal.
The Nemunas and Prieglius rivers basins were separated by a
new divide formed between the SeSupé and |srutis rivers. A
more precise age determination of this event could be possible
by age determination of inorganic sediments between the il
and the peat by other methods of geochronology: for example,
by infrared stimulated luminescence (IRSL).

The base level of the Nemunas River until 8.3 ka BP had to
be the Ancylus Lake, and before that, to 10.7 ka BP, the Yoldia
Sea (Damusyté, 2011). At that time, the water level in both bas-
ins was lower than in the current Baltic Sea — from a few tens
metres in the Yoldia Sea (Kabailiene, 1999) to several metres in
the the Ancylus Lake (Damusyté, 2011). Thus, in both cases
the Nemunas River and its tributaries — the Se$upé River and
the Jara River — saw significant linear erosion. The results of
age determination of the alluvium of the third overbank terrace
in the lower reaches of the SeSupé River varied in time from
11.7 to 7.5 ka (Druzhinina et al., 2016), i.e. a very wide age in-
terpretation of sedimentation is possible. We tend to assume
that this part of the terrace was formed after the changes to the
hydrographic system. Most probably it continued (taking into
account a very thin layer of alluvium) for a very limited time. Itis
supposed that the further erosion and formation of the second
overbank terrace followed the formation of the third one after a
very short time. As a result, the river valleys could be cut not
only into the glacigenic deposits of the Last Glacial advance
(i.e. Late Weichselian), but also into the Middle Weichselian de-

posits. This is evident from the IRSL dating results obtained at
the Riadino-5 archaeological site (Druzhinina et al., 2016), but
this situation has not been reflected in the palaeogeographic re-
constructions (Fig. 4) due to very limited geological data, and
also the small scale of the palaeogeological cross-sections.

The date mentioned — before 9.5 ka — could represent the
starting point of the Nemunas Delta. But, at that time, the recent
Curonian Lagoon did not exist, and the Nemunas Delta (i.e.
pro-Delta), started to form somewhere in the present Baltic Sea
nearshore region. Most probably this occurred in front of the
southern part of the present-day Curonian Spit, because in the
northern part of the recent Delta territory (at least in the Lithua-
nian Delta part) no erosional valley of pra-Nemunas River was
found (Bitinas et al., 2002). Later, during the Litorina Sea trans-
gression, the territory of the present Nemunas Delta became
the Litorina Sea bay, and a new, present-day delta started to
form not far to the west of the VilkiSkés Marginal Ridge. This is
an issue of the further detailed investigations.

This brief overview of the palaesogeographic situation ex-
plains why the Late Palaeolithic and later settlements or single
artefacts are not found in the present territory of the Nemunas
Delta (Rimantiené, 1974, 1977; Jankuhn, 1977). The
palaeogeographic reconstructions of the Nemunas and Sesupé
rivers confluence region could be useful for the identification of
the migration pathways of people during the Palaeolithic period
as well as concerning the distribution of settlements during this
archaeological interval.
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