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Abstract  Pollen, plant macroscopic fossil and carbonate analyses supplemented with 14C dating were applied 
for sediment sections of Lopaičiai Kettle and Pakastuva Lake. The new data obtained from two sediment cores 
were used to reconstruct vegetation cover and environmental changes during Lateglacial and Holocene in the 
Samogitian Upland (NW Lithuania). Different burial conditions of dead-ice blocks caused different times of 
lake sediment start in studied sites. The depositional and vegetation history is traced at the inception of pre-
Allerød time in sediment section from the Lopaičiai core. However, sediment section from the Pakastuva core 
provides paleoenvironmental information starting only from the very beginning of Holocene. The study results 
shed more light on the environmental development during the Lateglacial and Holocene of the specific ice 
marginal area, which belongs to interlobate insular upland.
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INTRODUCTION

Records from numerous paleobotanical, lithological 
and chronological investigations across Lithuania 
quite well unclose the vegetation cover and envi-
ronmental variations during the last Lateglacial and 
Holocene (Kabailienė 1993, 2006b; Blažauskas et al. 
1998; Stančikaitė et al. 2002, 2003, 2004, 2006, 2008, 
2009, 2015; Gaidamavičius et al. 2011; Balakauskas 
et al. 2012; Gryguc et al. 2013). However, when 
dealing with marginal areas of the Late Weichselian 
Scandinavian ice sheet it faces many uncertainties 
related to the peculiarities of local environmental 
conditions and problems with stratigraphical subdi-
vision of sediment layers (Satkūnas 2011; Šeirienė 
et al. 2015). The landform variety of insular-type 
Samogitian Upland (Guobytė 2004) situated in the 

north−western part of Lithuania provides such specif-
ic conditions. The upland was formed during the Po-
meranian (Baltija) Stage of the Weichselian (locally 
named Nemunas) glaciation. However, the exact time 
of the Samogitian Upland deglaciation is under dis-
cussion. The 10Be exposure age of erratic boulders in 
the area varies within 12.0−14.6 ka (Rinterknecht et 
al. 2006, 2008). Nevertheless, the data analysis show 
(Hughes et al. 2015; Stroeven et al. 2015), that at 
c. 16.0 ka at least the central part of Samogitian Up-
land was ice free. However, at the postglacial outset 
the remnants of down-wasting ice-sheet of the South 
Lithuanian Phase remained as dead-ice (Guobytė, 
Satkūnas 2011) throughout the whole upland, mark-
ing an asynchronous retreat of the ice margin. The 
melt out of dead-ice blocks caused the formation of 
lakes and kettle holes, the appearance time of which 
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depended on the burial conditions of ice blocks and 
can be identified through lake sediment study.

The postglacial environmental conditions in the 
north−western part of Lithuania are less studied 
(Kabailienė 2006b; Stančikaitė et al. 2006, 2008, 
2015; Šeirienė et al. 2006) in comparison with the 
rest part of Lithuania. Therefore two new cores have 
been obtained and investigated in the Samogitian 
Upland (NW Lithuania). The first core is drilled in 
a small Lopaičiai Kettle and the next one – in the 
Pakastuva Lake. Pollen, plant macroscopic fossil 
(macrofossil) and carbonate analyses supplemented 
with 14C dating were applied for the investigation of 
new sites. The core from Lopaičiai Kettle revealed 
that lacustrine sedimentation started during the early 
Lateglacial. Deposition of the lacustrine sediments 
of the Pakastuva Lake started at the very beginning 
of Holocene. It is hoped that the obtained data will 
supplement a characteristic of the Lateglacial and 
Holocene environmental and vegetation changes in 
the north−western part of Lithuania.

STUDY AREA AND SITES

Two sediment sections representing north−western 
(Pakastuva) and central (Lopaičiai) parts of north-
west–southeast stretching drainage divide area of the 
Samogitian Upland were selected as key sites to pro-
vide data to elucidate the pattern of the Lateglacial 
and Holocene environmental and vegetation change 
in this area. Data were obtained from the Lopaičiai 
Kettle (south-eastern part) and the Pakastuva Lake 
(north-western part) cores (Fig. 1).

Lopaičiai sediment core was taken from a small 
kettle hole (55°44’37.47’’ N, 22°11’34.28’’ E) lo-
cated in the vicinities of the Tverai village at the 
hummocky moraine landscape (Fig. 2) formed dur-
ing the Pomeranian (locally named – Baltija) Stage 
of the Late Weichselian Scandinavian ice sheet re-
treat (Guobytė 2004). The area of hummocky mo-
raine, where the Lopaičiai Kettle is located, stretches 
in 30−35 km distance to the East from distal margin 
of the Last Glaciation ice retreat limit of the Middle 
Lithuanian Phase (Fig. 2). Small and rounded in its 
shape kettle hole is at 178.7 m a.s.l. The diameter of 
the hole is only 19 m, and its depth is of 2.5 m. Its 
bottom is usually wet, overgrown with herbal vegeta-
tion.

Other two parallel cores were taken from sedi-
ment section in a swampy depression occupied by a 
small overgrown Pakastuva Lake (56°04’22.62’’ N, 
21°51’02.44’’ E). Pakastuva Lake is in about 40 km 
distance to the North−Northwest from the Lopaičiai 
Kettle. Hypsometrical position of the lake is 148.8 
m a.s.l. The lake is located at the hilly landscape of 
the glaciofluvial origin in about 10 km distance to the 
East from distal margin of the Last Glaciation ice re-
treat limit of the Middle Lithuanian Phase (Fig. 2). 
The small Salupis River flows into the Pakastuva 
Lake from the north and again has the outlet to the 
south direction. 

MATERIAL AND METHODS

Coring and sampling

The sediment cores were obtained using a ‘Russian 
corer’ (1 m long chamber with a 5 cm inner diam-
eter). The core from the central part of the Lopaičiai 
kettle hole was visually described and sub-sampled 
in 3 cm interval for pollen, diatom, carbonate and 
14C analyses. The sediment core from the northern 
swampy part of the Pakastuva Lake was sub-sampled 
every 2 cm for pollen, diatom and carbonate analyses 
and a parallel core was sub-sampled every 4 cm for 
plant macroscopic fossil analysis.

Radiocarbon dating

Seven sediment samples from the section Lopaičiai 
and five from the section Pakastuva were dated by 
14C method in the Laboratory of Nuclear Geophysics 
and Radioecology, Nature Research Centre, Vilnius, 
Lithuania and Poznań Radiocarbon Laboratory, Po-
land (Table 1). All dates were calibrated to calendar 
years BP using IntCal2013 calibration curve (Reimer 
et al. 2013) within the calibration software OxCal 4.2 
(Bronk Ramsey 2009). All ages in the paper are given 
as calibrated years before 1950 AD (cal yr BP).

Fig. 1  Location of the Lopaičiai and Pakastuva study sites; 
compiled by P. Šinkūnas, 2015
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Fig. 2  Geomorphological map of the Samogitian Upland and surroundings with location of investigated sites; compiled 
by R. Guobytė, 2015. Legend: 1 − bog plains; 2 − aeolian topography; 3 − marine terraces of the Baltic Sea; 4 − river 
flood-plains; 5 − clayey glaciolacustrine plains; 6 − sandy glaciolacustrine plains; 7 − glaciofluvial plains; 8 − kame 
terraces; 9 − kames; 10 − glaciofluvial hills; 11 − end-moraine ridges; 12 − hummocky moraines; 13 − till plains; 14 − 
glaciofluvial delta; 15 − glaciofluvial valleys; 16 − drumlinoids; 17 − eskers; 18 − investigated sites. Limits of the phases 
of the Late Weichselian (Nemunas) Glaciation: ŠL − limit of the North Lithuanian Phase; VL − limit of the Middle Lithu-
anian Phase

Table 1  Radiocarbon (14C) dating results from sediment sections Lopaičiai and Pakastuva; compiled by J. Mažeika, 2015

No. Depth (m) Dated material Laboratory code 14C, yr BP Calibrated age, cal yr BP (1σ range)
Lopaičiai Kettle

1 0.65 Peat Vs−2114 3,940±70 4,445-4,287 (4,366±79) (54.5%)
2 1.10 Peat Vs−2113 6,460±90 7,435 – 7,278 (7,357±79) (68.2%)
3 1.63 Tree trunk Vs-1648 8,030±120 9,032 – 8,698 (8,865±167) (63.4%)
4 1.70 Peat Vs−2111 8,520±90 9,560 – 9,430 (9,495±65) (67.5%)
5 2.25 Gyttja Vs−2115 10,680±270 12,827 – 12,147 (12,487±340) (68.2%)
6 2.65 Gyttja Vs−2116 11,030±200 13,062 – 12,738 (12,900±162) (68.2%)
7 2.95-2.98 Gyttja Vs-1905 10,900±170 12,985 – 12,693 (12,839±146) (68.2%)

Pakastuva Lake
1 1.59−1.60 Peat Vs−2156 4,275±150 5,043 – 4,780 (4,912±132) (41.2%)
2 2.92−2.96 Peat Vs−2158 4,950±110 5,757 – 5,590 (5,674±84) (53.8%)
3 3.95−3.96 Gyttja Poz−44797 5,800±40 6,660-6,555 (6,607±53) (68.2%)
4 4.96−4.97 Gyttja Poz−44799 7,180±50 8,027-7,950 (7,989±39) (68.2%) 
5 5.98−5.99 Peat Vs−2077 7,240±450 8,484 – 7,619 (8,052±433) (66.3%)
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Pollen analysis

Sediment samples of 1−3 cm3 for pollen analysis were 
prepared using a standard chemical procedures (Erdt-
man 1936; Grichiuk 1940) including treatment with a 
heavy liquid (CdI2+KI). Tablets of spores Lycopodium 
clavatum were added during the preparation of sedi-
ment samples in order to calculate pollen concentration 
(Stockmarr 1971). 500 terrestrial pollen grains were 
counted for each sample. Pollen and spores identifica-
tion was based on Moore et al. (1991) and Reille (1992). 
Taxa are presented as percentages of the sum of arboreal 
(∑AP) plus non-arboreal (∑NAP) taxa (∑AP + ∑NAP = 
∑P). For calculation and presentation of pollen, diatom 
and plant macroscopic fossil data the programs TILIA 
and TILIA−GRAPH (Grimm 2000) were applied.

Chronostratigraphical subdivision into local pol-
len assemblages zones (LPAZ) of the diagrams is 
based according to characteristic taxa and a strati-
graphically constrained cluster analysis (CONISS–
Constrained Incremental Sums of Squares cluster 
analysis, Grimm 1987).

Diatom analysis

The laboratory preparation of sediment samples for 
diatom analysis follows techniques described by Bat-
tarbee (l986). Diatom species identification was made 
under а ‘Nikon Eclipse Е200’ microscope (magnifi-
cation ×1000) using mainly the taxonomic works of 
Krammer and Lange–Benalot (l986–1991). The suc-
cession of the diatom species is presented as percent-
ages of the total diatom sum. For description of pale-
oecological conditions, diatom species are classified 
into ecological groups according to their habitats: 1) 
benthic diatoms − bottom-living and 2) epiphytic − 
attached to various surfaces in the shallow zone of the 
lake (Van Dam et аl. 1994; Barinova et аl. 2006).

Plant macroscopic fossil analysis

108 samples, covering a 4 cm interval each, were col-
lected for macrofossil survey. Plant remains were ex-
tracted from sediment samples (50 cm3 in volume) by 
wet sieving on a screen with a mesh size of 0.2 mm. 
Plant macroscopic fossils (macrofossils) were sepa-
rated and identified at a magnification ×20–100 using 
a binocular microscope. Identification of plant remains 
was based on Beijerinck (1947), Berggren (1969, 
1981), Cappers et al. (2006), Grigas (1986) and the 
comparative collection of contemporary vegetation. 
Identified taxa are classified into groups (trees, aquatic 
plants, plants of wetland and shore), for the interpreta-
tion of surrounding vegetation and paleoenvironment. 
The plant macrofossils are presented as absolute val-
ues, plant groups are given in percentages. 

Carbonate analysis

Carbonate analysis was applied for the 64 sediment 
samples from Lopaičiai core and 163 sediment sam-
ples from Pakastuva core. Results are given in dolo-
mite and calcite percentages. CO2 volume released 
from the deposits was determined by means of calci-
meter (Shcherbina 1958). The CO2 volume released 
after 30 seconds of reacting with 5 ml of 5% cold 
HCl with powdered sediment is treated as indicating 
calcite and volume released after further exposure to 
HCl and also after heating to 40°C for 3 minutes is 
treated as indicating dolomite. The percentage of the 
mentioned minerals was calculated by volume of CO2 
related to calcite and dolomite.

The sediment samples of 50 g for carbonate anal-
ysis were taken every 5 cm. The sediment was pow-
dered and 0.2 g was used for the carbonate content 
measurement in calcimeter. Prior to carbonate analysis 
and after each 5 samples analysed, the content of CO2 
released from 0.2 g of pure calcite (2−3 control meas-
urements) was determined. These measurements were 
used to calculate the calibration coefficient (k), which 
is temperature and atmospheric pressure dependent:  
k = 44/x, where x is CO2 value from the pure calcite.

RESULTS

Lithology

The sediment sections Lopaičiai and Pakastuva were 
subdivided into the sediment layers after its visual in-
spection. The sediment section Lopaičiai of 400 cm 
length is subdivided into seven sediment layers (Fig. 3). 
Various sand with gravel admixture at the base (layer 
1) of the Lopaičiai section was formed by the intensive 
input of minerogenic material into the basin most prob-
ably by ice meltwater during the last glacier retreat. 
The thin layer of gyttja (layer 2) represents the start of 
biogenic lacustrine sedimentation and synchronous in-
crease of calcite precipitation (Fig. 4). Upwards, rather 
thick layers of clay with admixture of organic and inter-
layers of gyttja (layers 3 and 5) characterize intensive 
lacustrine sedimentation. Only very thin (263−264 cm) 
interlayer of fine sand (layer 4) shows a short-lasting 
interruption of clay sedimentation, probably related 
with increased erosion. Higher content of calcite and 
stable amount of dolomite are characteristic both of the 
clay and overlying silty clay (layer 6) layers. Overlying 
peat (layer 7) indicates lowering of the lake level by 
infilling and rapid overgrowth of the small lake. The 
beginning of peat formation is marked by distinct de-
crease of calcite and dolomite content. It is supposed, 
that tree trunk in the peat layer (147−163 cm) is au-
tochtonous and have been dated by radiocarbon. The 
obtained radiocarbon date of 8,865±167 cal yr BP sug-
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gests that the peat layer formation began at the end of 
Boreal. At present the bottom of the Lopaičiai kettle 
hole is almost dry.

The length of the sediment section Pakastuva is 
630 cm and it is subdivided into five sediment layers 
(Fig. 5). The lowermost part of the core consists of 
gravel and sandy loam (layers 1 and 2) which proba-
bly is of glacigenic origin. Amount of calcite and dol-
omite in the sediments is very low and do not exceed 
10 % (Fig. 6). Upwards, the thin layer (595−600 cm) 
of peat (layer 3) is overlaid by gyttja with remnants of 
mollusc shells (layer 4). The calcite content in sedi-
ments abruptly increases up to 88 % (Fig. 6). At the 
upper part of the sediment layer the calcite content 
varies around 50 %. The sharp upper contact between 
the gyttja and the covering peat layer (layer 5) may 
reflect a hiatus in sedimentation. The peat contains 
very low content (about 10 %) of carbonates. An in-
crease of carbonate content up to 46 % is observed 
only at the depth of 48−57 cm.

Pollen

Lopaičiai. The palynological analysis data have been 
described in terms of local pollen assemblages zones 
(LPAZ) based on visual and statistical evaluations of 
the pollen spectra. Seven LPAZ were established for 
the sediment section Lopaičiai (Fig. 7) and described 
in Table 2.

Pakastuva. Four LPAZ were established for the sec-
tion Pakastuva (Fig. 8) and described in Table 3.

Fig. 3  Lithological description of the studied section from 
Lopaičiai kettle hole; compiled by G. Motuza, 2011

Fig. 4  Diagram of carbonate content of the sediment sec-
tion Lopaičiai; compiled by E. Rudnickaitė 2013. Descrip-
tion of the sediment layers see in Fig. 3
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Fig. 5  Lithological description of the studied section from 
Pakastuva Lake; compiled by P. Šinkūnas, 2012

Fig. 6  Diagram of carbonate content of the sediment sec-
tion Pakastuva; compiled by E. Rudnickaitė, 2013. De-
scription of the sediment layers see in Fig. 5

Fig. 7  Pollen diagram of the sediment section Lopaičiai; compiled by M. Kabailienė and L. Macijauskaitė, 2012. Descrip-
tion of the sediment layers see in Fig. 3
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Table 2  Description of the local pollen assemblage zones (LPAZ) at the Lopaičiai site; compiled by M. Kabailienė and 
L. Macijauskaitė, 2012

LPAZ Depth, cm Description
Lp–7 5-50 Amount of Pinus varies about 15 %, Betula – 40 %. Quercetum mixtum decreases to 5 %, Tilia 

and Quercus make up only a few percent. Value of Alnus reaches 17 %. Picea curve culminates 
up to 20 % at the bottom and the top of the zone. Amount of NAP increases up to 10 % (mainly 
Poaceae, Artemisia, Filipendula and Asteraceae).

Lp–6 50–120 This zone is characterized by distinct increase in Quercetum mixtum percentage – Tilia reaches 
30 %, Quercus – 8 %, Alnus – 15 %. Pinus percentage reduces to 7 %. The peak (62 %) of Cory-
lus was observed at the bottom of the zone. Amount of Betula remains about 40 %. NAP values 
are very low. The highest pollen concentration was found at the bottom of the zone.

Lp–5 120–190 Pinus curve rises up to 62 %, Betula – 37 %.  NAP values drop down significantly and are repre-
sented mainly by Poaceae (4 %), Ephedra (4%) at the bottom of the zone and Artemisia (2 %) in 
the topmost part.

Lp–4 190–220 This zone is characterised by increase in arboreal species. Amount of NAP decreases to 7 %. 
Value of Betula percentage reaches 50 %, Pinus – 30 %, Salix – 5 % and Corylus − 20 %. A few 
percent of Quercus and Carinus were detected. Amount of Artemisia reaches 5 %, Poaceae – 
4 %, Ephedra – 2 % and these taxa prevail in the group of NAP.

Lp–3 220–260 Increased percentage of NAP (Poaceae – up to 10 %, Cyperaceae – 8 %, Artemisia – 15 %, Che-
nopodiaceae – up to 6 %) is characteristic for the lower part of the zone. Percentage of Juniperus 
slightly increases (up to 7 %) at the bottom of the zone. Single samples contain negligible amount 
of deciduous (Alnus, Ulmus and Acer). Content of Pinus and Betula decrease within this zone.

Lp–2 260-300 Pollen concentration increases up to 500×103 pollen/cm3. This zone is characterized by decrease 
in herbal taxa and increase in AP species, especially Pinus – up to 60 % and Betula – 57 %. De-
ciduous are represented by Juniperus (4 %) and Salix (2 %). 

Lp–1 300–400 Pollen concentration is low within this zone. At the bottom of the zone (370−400 cm) sediments 
are empty of pollen grains but one sample represents high amount (up to 60 %) of herbs, espe-
cially Poaceae (up to 25 %), Cyperaceae (18 %) and Artemisia (13 %). Arboreal taxa variety is 
very low: Betula reaches 22 %, Juniperus 8 % and Pinus varies around 12 %.
The upper part of the zone is characterized by high percentage (80-60 %) of AP, represented by 
Betula (30−70 %) and Pinus (17 %). Sediments contain a small amount of Alnus, Juniperus and 
Salix, except of Corylus which makes up to 14 %. At the depth of 330 cm was observed distinct 
increase (to 40 %) of NAP, especially Artemisia (24 %).

Table 3  Description of the local pollen assemblage zones (LPAZ) at the Pakastuva site; compiled by M. Kabailienė and 
L. Macijauskaitė, 2013
LPAZ Depth, cm Description
Pp−4 18−190 Picea culmination (up to 38 %) is characteristic for this zone. Betula reaches 40 % and Pinus 

makes up to 50 % at the top of the zone. Amount of Alnus decreases and varies between 5 % and 
15 %. Percentage of NAP increases and varies about 30 %. Curve of Ephedra reaches 45 % at the 
bottom of the zone. Percentages of Poaceae and Cyperaceae reach 20 %, Polypodisceae − 60 %.

Pp−3 190−300 This zone is characterized by two peaks of Alnus (up to 52 %). Enlarged amount of Picea (15 %) 
and Pinus (20 %) were observed at the bottom and topmost parts of the zone. Deciduous species 
decreased (Corylus to 15 %, Quercus − 3 %, Tilia − 8 %). A slight increase in NAP was observed 
(especially Poaceae up to 12 %, Cyperaceae −7 %, Ranunculaceae − 8 %). Sharp increase of 
Polypodiaceae (82 %) was detected at the bottom of the zone.

Pp−2 300−540 Increase of Quercetum mixtum taxa (up to 23 %) is characteristic for this zone. Alnus makes up 
to 35 %, Tilia − 10 %, Ulmus − 15 %, Quercus − 5 %, Fraxinus − 5 % and Corylus varies around 
20 %. Pinus and Betula percentage decreases and varies about 10 %. Content of NAP is rela-
tively low (5−10 %), most common are Poaceae (8 %), Cyperaceae (2 %) and Ephedra (3 %) at 
the bottom of the zone.

Pp−1 540−602 This zone is characterized by prevalence of Betula (up to 50 %) and Pinus (up to 40 %) pollen. 
Curve of Corylus makes up to 4 % at the bottom of the zone but reaches 15−34 % at the topmost 
part. Amount of herbs varies from 10 % to 22 %, dominate Poaceae (16 %), Cyperaceae (8 %) 
and Artemisia (2 %).

Diatoms

Diatom analysis was applied for the several sediment 
samples from the sediment section of Lopaičiai kettle 
hole but diatom frustules have not been observed there. 
Diatoms were analyzed in 46 sediment samples from 
the sediment section of Pakastuva Lake. Major part of 

the samples were empty of diatoms but at the depth 
of 34−102 cm diatom frustules were detected (Fig. 
9). All identified diatom species are assigned to the 
benthic and epiphytic ecological groups. At the depth 
of 62−102 cm (peat) only single benthic−epiphytic 
diatoms of Anomoeoneis sphaerophora, Amphora 
ovalis, Fragilaria sp. were observed.
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Fig. 8  Pollen diagram of the sediment section Pakastuva; compiled by M. Kabailienė and L. Macijauskaitė, 2013. De-
scription of the sediment layers see in Fig. 5

Fig. 9  Abbreviated diatom diagram of the sediment section Pakastuva at 32−102 cm depth; compiled by G. Vaikutienė, 
2013. Description of the sediment layers see in Fig. 5

Fig. 10  Plant macrofossils diagram of the sediment section Pakastuva; compiled by D. Kisielienė and G. Gryguc, 2013. 
Description of the sediment layers see in Fig. 5

The diatom number increases at the depth of 
46−62 cm where the peat became sapropelic. Epi-
phytic diatoms characteristic of shallow, overgrown 
freshwater lake environment Staurosira construens 
(up to 28 %), Fragilaria brevistriata (13 %), benthic 
Amphora ovalis (15 %), and Anomoeoneis sphaero-

phora (12 %) prevail. The increased number of ep-
iphytic-reophilous Gomphonema angustatum (up to 
27 %), which habitat usually is estuary (Kuylenstier-
na, 1990) was found. At the depth of 32−46 cm only 
single diatoms were found, mainly benthic Gyrosig-
ma sp. and epiphytic Staurosira construens.
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Plant macrofossils

Macrofossil analysis was applied only for the sedi-
ment section of Pakastuva Lake. 35 taxa have been 
defined: 21 taxa identified to species and 14 − to ge-
nus level. The macroflora complex was grouped into 
eight local macrofossil assemblage zones (LMAZ) 
and described in detail in the Table 4. Four taxa were 
identified in the group of trees, 8 taxa − in the group 
of aquatic plants, 16 taxa − in the group of wetland 
and shore plants (Fig. 10). Some taxa identified up to 
the genus level were attributed to the group of unclas-
sified taxa.

Chronology 

The chronology of environmental variation is based 
on the results of sediment 14C dating and biostrati-
graphical information obtained at both investigated 
sites. An age/depth plot (Fig. 11) was compiled in 
order to demonstrate the differences of the sediment 
accumulation rates in two palaeolake with particular 
environmental situation. 

According to the age/depth plot the accumulation of 
sediments was rather intensive in the small Lopaičiai 
palaeolake during the Lateglacial. According to pollen 
and carbonate analysis various sand with gravel at the 

bottom of the sediment section was deposited probably 
in the pre-Allerød time of the Lateglacial. The oldest 
date of sediment sample has been recorded in the sedi-
ment section Lopaičiai. The results of radiocarbon dat-
ing of gyttja indicate sedimentation during the latest 
stages of the Lateglacial. Two dates in the sediment 
section Lopaičiai are related to the Allerød chronozone 
pollen spectra: 12,839±146 cal yr BP and 12,900±162 
cal yr BP (Fig. 7). Culminated curve of Pinus, de-
creased herbal taxa and increased pollen concentration 
(LPAZ Lp−2) are characteristic of the Allerød warming 
(Kabailienė 1993). The date 12,487±340 cal yr BP in 
the section Lopaičiai correlates well with the Allerød/
Younger Dryas biostratigraphical boundary dated back 
to ca. 12,600 cal yr BP in the different parts of Lithua-
nia (Stančikaitė et al. 2008, 2009). Increased number 
of herbal species and percentage of Betula pollen, de-
creased amount of Corylus and Juniperus in LPAZ 
Lp−3 (Fig. 7) characterize climate deterioration during 
the Younger Dryas at the end of Lateglacial.

According to the age/depth plot at the onset of 
Holocene the sedimentation rates in the Lopaičiai pal-
aeolake decreased (Fig. 11). However, the intensive 
accumulation of biogenic sediments in the Pakastuva 
palaeolake continued throughout the Holocene. The ob-
tained data at the lowermost part of the sediment section 
Pakastuva 8,052±433 cal yr BP (dated peat at the depth 

Table 4  Description of the local plant macrofossil assemblage zones (LMAZ) for the Pakastuva site; compiled by D. 
Kisielienė and G. Gryguc, 2013

LMAZ Depth, cm Description
Pm−8 18−62 This zone is characterized by sudden increased amount of water plants (Chara sp., Pota-

mogeton sp., P. pusillus, P. praelongus.) which poins to regeneration of water basin. 
Pm−7 62−98 Variety of wetland plants (Carex sp., C. vesicaria, C.echinata, C.nigra, C. lepidocarpa, Polygo-

num hidropiper, P. lapatifolium et al.) indicates overgrowth of strand. Birch was dominant in 
the vicinities of the palaeobasin.

Pm−6 98−218 Plants of wetland and shore prevail. Finds of  Urtica dioica are especially numerous. Amount 
of birch and alder drops down at the top of this zone. The seed of pine was found at the depth of 
112−124 cm .

Pm−5 218−298 Plants of wetland and shores predominate in this zone. Remains of different species of sedges 
(Carex sp., C. echinata, C. pseudocyperus, C. distans), Menyanthes trifoliata, Lycopus euro-
paeus and Typha latifolia represent this group. Water plants disappear. Significantly increased 
number of tree finds (alder and birch).

Pm−4 298−400 The zone is dominated by aquatic plants such as Nuphar lutea, Chara sp., Potamogeton natans, 
Nymphaea alba, but Najas marina makes a majority. Group of wetland and shore plants is 
represented by single Schoenoplectus lacistris, Ranunculus sp., Typha sp. and Urtica dioica 
macroremains. Birch and alder were the most common trees in the vicinities of palaeolake. 

Pm−3 400−490 The plant assemblage of this zone is very poor. Only single finds of Pinus and Betula are de-
tected in the group of trees. Sharp reduction of Najas marina and scattered finds of Nymphaea 
alba characterize vegetation of water basin in this zone. The shore vegetation, represented by 
Typha sp. and Carex sp. is very sparse.

Pm−2 490−556 Variety of plant species is poor in this zone, dominate finds of Nympheae alba and Najas marina. 
Vegetation of shore is represented by several remains of Typha latifolia and Carex sp. Remains of 
Betula sect. Albae prevail over trees. Macroremais of Pinus nearly dissapear in this zone.

Pm−1 556−630 The zone is characterized by low number of plant macroremains. Pieces of Pinus epidermis 
dominate among remains of trees. Single fruits of Alnus glutinosa and Betula sect. Albae occur 
as well. Nympheae alba and Najas marina represent group of water plants, Carex vesicaria and 
Menyanthes trifoliata represent vegetation of wetland. Some particles of charcoal were found in 
the middle of this zone.
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Fig. 11  Age/depth plot for the sediment sections Lopaičiai and Pakastuva; compiled by G. Vaikutienė, 2014. Description 
of the sediment layers see in Figs 3 and 5, details of radiocarbon dating see in Table 1

of 598−599 cm) seems to be too young, comparing to 
the pollen and macrofossils data. The possible reason 
of discrepancy between the radiocarbon and biostrati-
graphical data can be very small amount of dated or-
ganic matter. The beginning of Holocene warming can 
be observed in AP/NAP ratio changes in pollen diagram 
of the sediment section Lopaičiai (decreased number of 
herbal taxa and increased percentages of Pinus, Betula 
and Corylus, LPAZ Lp−4). Estimated age of the zone 
onset with increased account of deciduous Alnus, Quer-
cus, Ulmus and Corylus is 7,989±39 cal yr BP.

The peat formation in the Lopaičiai site started before 
9,495±65 cal yr BP. The age of pine trunk at the depth 
of 147−163 cm is 8,865±167 cal yr BP. Prevalence of 
Pinus is characteristic of relatively dry environment and 
correlates with the Boreal chronozone (LPAZ Lp–5). 

Intensive increase of the Tilia, Quecus and Alnus 
curves in the sediment section Lopaičiai (LPAZ Lp−6) 
is dated by 7,357±79 cal yr BP and coincides with 

the beginning of Holocene climatic optimum (Fig. 7). 
The pollen spectrum in the sediment section Pakas-
tuva (LPAZ Pp−2) dated back to 6,607±53 cal yr BP 
is also characteristic to the Atlantic chronozone.

The dates 5,674±84 cal yr BP, 4,912±132 cal yr BP 
in the sediment section Pakastuva and 4366±79 cal yr 
BP in sediment section Lopaičiai are from the upper-
most dated sediments from studied sections. Decreased 
content of deciduous taxa and increased percentage of 
Picea in the diagrams (LPAZ Pp−3 and Pp−4, Lp−7) are 
characteristic of the end of Atlantic and the beginning 
of Subboreal chronozones (Kabailienė 1993).

VARIATION OF THE ENVIRONMENTAL 
CONDITIONS

Results of pollen, macrofossil and carbonate analy-
ses and radiocarbon dating have been used for the 
description of vegetation and environmental condi-
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tions in the surroundings of Lopaičiai and Pakastuva 
coring sites during the Lateglacial and Holocene. The 
lacustrine sedimentation in the palaeolake started at 
some different time of the postglacial. Therefore the 
obtained data show their distinct development in the 
area of Samogitian Upland.

Lateglacial

Sediments composed of various grained sand (layer 
1) at the bottom part of the sediment section Lopaičiai 
were accumulated most probably during the earliest 
stages of the Lateglacial. Presence of gravel in the 
various-grained sand is probably due to intensive sur-
face erosion and inflow of terrigenous material into 
the palaeolake. Variation of carbonate content indi-
cates the pulsating character of water flow possibly 
from the nearby melting glacier. The early Lategla-
cial development of small Lopaičiai kettle hole and 
start of lacustrine sedimentation in it can be explained 
by very shallow burial conditions of dead-ice block. 
Scarce number of pollen grains accumulated in the 
lowermost part of the sediment section Lopaičiai 
with relatively large amount of Corylus and Junipe-
rus (see Fig. 7) most probably is due to re-deposition 
by intensive water flows. However, the appearance of 
Salix pollen at the base of sediment section (LPAZ 
Lp−1) may indicate the slight pre-Allerød warming 
which was identified in some other sites in the ter-
ritory of Lithuania (Balakauskas 2012). Presence of 
Betula, Pinus and large number of herbs in the sedi-
ments seems to be characteristic of the early Late-
glacial similar as in the northern part of Lithuania 
(Stančikaitė et al. 2015). Betula macrofossils found 
in the western part of Lithuania (Stančikaitė et al. 
2008) confirm growth of birch trees in the area at that 
time. Pinus macrofossils, dated by 14,050−13,400 cal 
yr BP, were found in the southern part of Lithuania 
(Stančikaitė et al. 2008). Cold climate prevailed in 
the Northern Europe and soil formation process was 
still very weak (Iversen 1973; Birks 1986; Kabailienė 
2006a; Ralska-Jasiewiczowa et al. 2004). Trees hard-
ly could grow and biogenic sedimentation probably 
was very sparse in Lithuania during the pre-Allerød 
period. The start of biogenic sedimentation in many 
lakes of NW Poland is related to the Bølling period 
and is confirmed by pollen data in many cases (Gałka 
et al. 2013). Both, coarse sediments and low pollen 
concentration suggests that the Lopaičiai palaeolake 
was formed during the pre-Allerød time.

The thin gyttja interlayer (layer 2, Fig. 3) and over-
laying clay (layer 3) in the sediment section Lopaičiai 
show that accumulation rate in the palaeolake was low 
and deposition of clay prevailed at the beginning of la-
custrine sedimentation. Mentioned thin gyttja interlay-
ers are characteristic pattern of the beginning of Allerød 

lacustrine sedimentation in the territory of Lithuania 
(Kabailienė 1993). Climate condition characteristic of 
the Allerød interstadial are reflected by the increase of 
pollen concentration at the base of the sediment layer 
3 (clay with organic matter) of the sediment section 
Lopaičiai, significant decrease of NAP taxa (especially 
Poaceae, Cyperaceae and Artemisia), higher percent-
ages of Betula and Pinus observed within the LPAZ 
Lp−2. The Allerød interstadial is indicated not only by 
presence of organic matter in the sediments and pol-
len composition characteristic of warmer climate, but 
also by increased amount of carbonates (see Fig. 4) in 
LPAZ Lp−2. Increased temperature and humidity, de-
veloped denser vegetation and more intensive soil for-
mation occurred c. 13,000−13,100 cal yr BP in the area 
of Northern Europe (Mangerud et al. 1974; Walker et 
al. 1999; Gałka et al. 2014). The obtained 14C dates 
from this zone are 12,839±146 and 12,900±162 cal yr 
BP. The pollen data obtained from the sediment sec-
tion Lopaičiai support previous interpretations of re-
searches, that during the Allerød interstadial the pine 
was dominant tree throughout Lithuania, but the birch 
was more common in the forests of NW Lithuania 
(Kabailienė 2006b; Stančikaitė et al. 2008; Balakaus-
kas 2012).

Sedimentation of very thin fine-grained sand in-
terlayer (layer 4) in the sediment section Lopaičiai 
indicates intensification of erosion or water level 
decrease in the basin. Change of AP/NAP ratio in 
LPAZ Lp−3 means the increase of herbal taxa con-
tent and decrease of tree species. Together with slight 
decrease of Betula comparing to the zone below (Fig. 
7) the changes of pollen composition after the age of 
12900±162 cal yr BP are characteristic of the Young-
er Dryas climate cooling, which correlates with the 
onset of cold GS-1 event in Greenland characteristic 
for Central and Eastern Europe around 12700 cal yr 
PB (Feurdean et al. 2014).

Decrease of Pinus and Betula due to climate de-
terioration at the onset of Younger Dryas is indicated 
southward from study area, i.e. in NE Poland (Gałka 
et al. 2014). According to the results from different 
investigated sites, the birch was more common in the 
north−western part, the spruce − in the eastern part of 
Lithuania (Gaidamavičius et al. 2011), while in the 
rest of territory the pine has prevailed (Balakauskas 
2012). Earlier predominated pine−birch forest be-
came less dense and finally the more tundra-like veg-
etation prevailed at the very end of the Lateglacial in 
the area of Samogitian Upland.

Holocene

Subsequent development of pollen spectra of the sedi-
ment section Lopaičiai, particularly increase of content 
of AP and decrease of NAP pollen, indicate significant 
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changes of vegetation cover in the investigated area. 
Similar changes of vegetation are dated back to 11,500 
cal yr BP and coincide with the Younger Dryas/Prebo-
real boundary according to palynological data and cor-
respond to the climate warming in the North Atlantic 
region (Björck et al. 1996, 2002).

The change of clay (layer 5) to coarse sediments 
composed of silty clay (layer 6) in sediment section 
of Lopaičiai kettle hole probably is due to the wa-
ter level lowering, which is characteristic of warmer 
climate at the beginning of Preboreal. Evidently de-
creased amount of NAP (especially Poaceae and Cy-
peraceae) observed in LPAZ Lp−4 reflects significant 
climate changes, which caused an alteration of veg-
etation composition in the catchment area. It probably 
had a significant influence on sedimentation pattern 
in the small basin at the beginning of Holocene. The 
peat layer (layer 7) occurring above, indicates contin-
uing significant drop of water level and overgrowth 
of the Lopaičiai palaeolake.

Probably the Preboreal warming has triggered the 
melt out of the dead-ice block and Pakastuva Lake 
appearance. Pollen of Betula is dominant and makes 
up to 50 % in the lowermost part of the sediment sec-
tion Pakastuva (LPAZ Pp−1) as well as in LPAZ Lp−4 
of Lopaičiai one. Such a large percentage of Betula 
is typical for the Preboreal sediments of the Northern 
Lithuania (Stančikaitė et al. 2008) and also is record-
ed in Poland and Germany (Litt et al. 2001). Amount 
of Corylus pollen increases up to 34% at the top of 
the zone in Pakastuva. Increase of Corylus pollen 
amount is characteristic of the Preboreal chronozone 
of the sediment section Lopaičiai. Corylus started 
to spread in the northern part of the Central Europe 
after the age of 11,200 cal yr BP (Theuerkauf et al. 
2014) and appeared in the eastern part of Lithuania at 
10,200−10,000 cal yr BP and predominated in sandy 
habitats (Gaidamavičius et al. 2011). The peak of Co-
rylus (20 %) pollen in the Lopaičiai section is defined 
approximately before 11,000 cal yr BP (see Fig. 7). 
Possibly, the immigration of Corylus was somewhat 
earlier in the north−western part of Lithuania because 
of the route of migration − from south−west and 
west (Saarse 2004). Hazel is not very sensitive for 
the lower temperatures, likes more wet background 
and spreads earlier than other deciduous (Theuerkauf 
et al. 2014). Because of favourable conditions Co-
rylus appeared and was spread in the local areas of 
Samogitian Upland slightly earlier than in other areas 
of Lithuania. According to pollen data, birch forest 
with admixture of pine and hazel prevailed in the vi-
cinities of Lopaičiai and Pakastuva palaeolakes at the 
beginning of Holocene.

Increase of Pinus percentage (up to 65 %) in the 
sediment section Lopaičiai indicates local pine for-
est growth (Huntley, Birks 1983). Decrease of Betula 

percentage and low amount of deciduous species 
(LPAZ Lp−5) was observed before 9,495±65 cal yr 
BP. The tree trunk at the depth of 163 cm was dated 
by 8,865±167 cal yr BP. Predominance of pine was 
characteristic of the forest in NW Lithuania and im-
ply to warm climate with low precipitation at the first 
half of Boreal (Kabailienė 2006b). Decreased amount 
of calcite at the base of sediment layer 7 in the section 
Lopaičiai (see Fig. 4) support palynological data of 
dryer climate during the mentioned time period.

Significant changes of pollen composition are de-
termined in the section Lopaičiai despite of low sedi-
mentation rate in the palaeolake. Abrupt decrease of 
percentage of Pinus pollen is determined in LPAZ 
Lp−6. However, Corylus reaches the peak of 62 % at 
the base of the zone, amount of deciduous trees Alnus 
and Tilia increases. Such variation of pollen compo-
sition is dated by 7,357±79 cal yr BP. Accumulation 
of sediments was more intensive entire the Holocene 
in the Pakastuva palaeolake (Fig. 11). The highest 
percentage of Tilia, Alnus and Quercus is clearly ob-
served in the section Lopaičiai (LPAZ Lp−6) as well 
as in the Pakastuva (LPAZ Pp−2). The highest per-
centages of Tilia, Ulmus, Quercus and Fraxinus are 
recorded in the gyttja layer of the section Pakastuva 
dated by 7989±39 and 6607±53 cal yr BP (Fig. 8). 
Identified macrofossils Nuphar lutea, Najas marina, 
Typha sp. in LMAZ Pm−4 suggest climate warming as 
well. The depth of the alkaline, close to neutral, Pa-
kastuva palaeolake was about 3 m according to mac-
rofossils of aquatic plants Najas marina, Nymphaea 
alba (Hannon, Gaillard 1997; Słowiński 2010). In-
creased content of pollen of mentioned deciduous 
trees is characteristic of the Atlantic chronozone over 
the Lithuania and indicate the highest temperature 
and precipitation during the Holocene (Kabailienė 
2006b). Alder and hazel kept on flourishing in moist 
soils of the western−north western part of Lithuania 
(Stančikaitė et al. 2002). Spruce was growing abun-
dantly since 8,000 cal yr BP (Stančikaitė et al. 2003) 
in the northern part of Lithuania and further spread 
to the central part during the Atlantic (Balakauskas 
2012). Though, percentages of Picea in the sections 
Lopaičiai and Pakastuva were small in the sediments 
of Atlantic period.

Lower precipitation and air temperature have been 
observed after the Atlantic period climatic optimum 
throughout the NW Europe (Birks 1981; Seppä, Birks 
2002). Decreased percentages of Tilia, Quercus and 
Corylus in the sections Lopaičiai (LPAZ Lp−7) and 
Pakastuva (LPAZ Pp−3) indicate lower temperature 
of the Subboreal period. According to pollen data 
variation of the percentage of Alnus was insignificant 
in the section Lopaičiai. However, Alnus percentage 
increased (up to 52%) before 5,674±84 cal yr BP in 
the section Pakastuva (LPAZ Lp−3). 
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Forests composed of pine, birch, alder and spruce 
with admixture of oak prevailed in the area of Samo-
gitian Upland at the end of Holocene. Spruce and 
alder remained widespread in the western−north 
western part of Lithuania (Balakauskas 2012). Alnus 
decreases in the LPAZ Pp−4 in the section Pakastuva. 
Macrofossils of Urtica dioica indicate drier, enriched 
with nitrogen soils around the Pakastuva palaeolake 
(LMAZ Pm−6). Predominance of plant marcofossils 
of wetland and shore (LMAZ from Pm−5 to Pm−7) 
could be related with drop of the water level and 
overgrowth of the palaeolake. Vegetation, character-
istic of the drier Subboreal climate was widespread 
before 4,912±132 cal yr BP.

Abrupt increase of percentage of aquatic plants 
macroffossils (Chara sp., Potamogeton sp.) occurs 
approximately before 1,500 cal yr PB in the sediment 
section Pakastuva (LMAZ Pm−8). Finds of Potamoge-
ton pusillus and P. praelongus indicate that the depth 
of the palaeolake could be about 3 m again (Hannon, 
Gaillard 1997). Increase of diatom number at the 
depth of 62−46 cm (Fig. 9) coincides with dominance 
of aquatic plant macrofossils. Large amount of Chara 
sp. macrofossils indicates high water saturation in car-
bonates. Sudden increase of calcite percentage is ob-
served also (Fig. 6). Numerous epiphytic−reophilous 
Gomphonema angustatum diatoms indicate water in-
flow into the lake. The water level of the Pakastuva 
palaeolake slightly increased probably for a short 
time, as general lithological composition of the sedi-
ments did not change. The peat formation continued 
but increased deposition of carbonates. Similar small-
scale water level changes were recorded in the lakes 
of eastern Lithuania (Gryguc et al. 2013), NE Poland 
(Gałka et al. 2013) and were associated with climate 
cooling and raised precipitation before 3,300−3,400 
cal yr BP. The water level increase in the Pakastuva 
palaeolake happened later and probably was caused 
by local environmental changes. Increased percent-
ages of herbal taxa indicate enlarged areas of grass-
land and can be related with intensifying human agri-
cultural activity. Such changes of pollen composition 
are recorded in the section Pakastuva (LPAZ Pp−4) 
like in the different sites of Lithuania (Stančikaitė et 
al. 2002; Stančikaitė et al. 2004; Kabailienė 2006b). 
Possibly, the short-time Pakastuva palaeolake regen-
eration occurred because of some local human eco-
nomic activity (such as ductless formation), though 
pollen analysis did not reveal clear indications (like 
Cerealia pollen) of agricultural activity.

CONCLUSIONS

The lacustrine sediment study results show that the 
postglacial time of some lake and kettle hole forma-
tion depend on burial conditions of dead-ice blocks 

what had determined the beginning of lacustrine sedi-
mentation. In the Lopaičiai palaeolake the lacustrine 
sedimentation started during the Allerød warming ap-
proximately before 12,900 cal yr BP. Birch and pine 
scarce forest was common in the north−western part 
of Lithuania during this time interval.

Hazel was widespread in the area of NW Lithua-
nia before ~11,000 cal yr BP, probably about 1,000 
years earlier than in the southern Lithuania. More fa-
vourable sites for growth of hazel are the wet soils 
with loamy background which are widespread in the 
Samogitian Upland.

Macrofossils, diatom and carbonate analysis re-
vealed the local short-lasting regeneration (water 
level increase) of the Pakastuva palaeolake at the end 
of Subatlantic, whereas regional climate conditions 
according to pollen analysis remained stable. Clear 
human agricultural activity was not fixed in pollen 
records of the section Pakastuva, but macrofossils, 
diatom and carbonate analysis data revealed water 
level rise which could be caused by human economic 
activity.
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