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Abstract. Sediment samples from an outcrop in the near-shore area of Lake Ķūži (Vidzeme Heights, Central Latvia) were
investigated using palaeobotanical (pollen and macrofossil analysis) and lithological (grain-size analysis) methods and accelerator
mass spectrometry 14C dating. A dark, organic-rich sediment layer was found below 1.7 m of sandy layers approximately 30 cm
above the present lake level. Radiocarbon dating of a wood sample from the lowermost layer (11 050 ± 60 14C BP, 13 107–
12 721 cal BP) shows that the layer is of late glacial age. The composition of the pollen spectra is characterized by Betula nana,
Cyperaceae pollen and spores of Equisetum, confirming that the lowermost sediments were formed during the late glacial. Fossils
of obligate aquatic organisms in the upper layer, which include oospores of Characeae and seeds of Potamogeton, indicate an
open water environment. Pollen of Myriophyllum and Potamogeton and non-pollen palynomorphs, such as algal Botryococcus and
Pediastrum cf. boryanum, confirm this conclusion. The pollen assemblage from the greyish loam layer following this lacustrine
phase shows a pattern characteristic of the Younger Dryas vegetation before the start of the real expansion of birch forests at the
beginning of the Holocene.
Key words: late glacial, palynostratigraphy, plant macrofossils, Vidzeme Heights, Latvia.

INTRODUCTION
The abrupt climate changes that occurred after the Late
Weichselian deglaciation have recently gained much
scientific interest (Birks & Wright 2000; Wohlfarth et
al. 2002; Lowe et al. 2008; Heikkilä et al. 2009). The
restudy of previously investigated sites like Bølling Sø
(Sarmaja-Korjonen et al. 2006) is just one example. The
characteristics and chronology of late glacial environmental changes in the context of the North Atlantic
climatic events of the Last Termination were lately studied
in Lithuania (Stančikaite et al. 2008, 2009). Attempts
to improve the Estonian late glacial chronology and
vegetational and environmental history were made by
multiproxy studies from Lake Nakri, South Estonia
(Veski et al. 2008; Amon et al. 2009), Solova basin
(Amon et al. 2010) and at Palaeolake Kahala (Saarse et
al. 2009).
The increasing number of the accelerator mass
spectrometry (AMS) 14C dates will bring some corrections
to the stratigraphical chart of the late glacial in the
nearest future. Interpretation of these AMS 14C dates is
not always simple because of high risk of contamination
(Saarse et al. 2009). If we include also the difficulties
that can occur in dating, the series are different not only
between the AMS and decay-counting, but also between

AMS 14C dates on different plant macrofossils from the
same stratigraphic horizon (Turney et al. 2000), and the
picture will be even more complex. Therefore it is
important to publish all the palynological and macrofossil data and studied sections that include AMS 14C
dates.
According to Raukas (2003), the beginning of the
late glacial interval in Estonia is placed at the time the
deposits of the Raunis Interstadial started to accumulate
in Central Latvia (dated by different laboratories
as 13 390 ± 500 (Mo-196), 13 250 ± 160 (TA-177)
conventional (uncalibrated) 14C ages). As many dates
have been obtained from submorainic and intermorainic
sequences by the conventional radiocarbon method
(Kalm 2006) and the hard-water effect can influence the
reliability of the results, new dating possibilities should
be used (Raukas 2003; Kalm 2006; Rinterknecht et al.
2006) to shed light on the biostratigraphy and chronology
of the late glacial.
The results from the newly investigated late glacial
site, Lake Nakri, in southern Estonia (Fig. 1A) (Amon
et al. 2009) showed that the area around the lake was
deglaciated just before 14 000 cal BP. A single Pinus
stomata dated to 13 300 cal BP is an evidence that pine
grew there already at that time. A short cooling was
detected from a drop in the accumulation rates of birch
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Fig. 1. (A) Location of L. Ķūži and recently studied late glacial sites at Nakri (1) (Amon et al. 2009), Solova (2) (Amon et al.
2010), Burtnieks (3) (Ozola et al. 2010) and Kurjanovas (4) (Heikkilä et al. 2009). (B) Topography of the L. Ķūži surroundings
and sampling site.

and pine pollen, centred to 13 100 cal BP. During the
Younger Dryas, 12 850 cal BP, the vegetation was
dominated by herbs and dwarf shrubs. Gyttja sedimentation started gradually around 11 650 cal BP (Amon
et al. 2009). These new data demonstrate that many
rapid environmental fluctuations occurred during a few
hundred years.
Further investigations are needed to expand the
present knowledge of the late glacial environmental
history in different parts of the Baltic region. Information
on late glacial deposits in Latvia is even more problematic
than in Estonia, as there are no well dated sequences
and descriptions of the vegetation development of this
period. The correlation and biostratigraphy of the late
glacial are based on multiple sites where only part of
the characteristic layers are represented (Stelle 1968;
Danilans 1973). The latest pollen and macrofossil data
from the northeastern area of ancient Lake Burtnieks
(Fig. 1A) indicate a vegetation development since the
Younger Dryas (Ozola et al. 2010) but this is not
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supported by radiocarbon dates. Although a satisfactory
age–depth model was developed with the help of known
ages of biostratigraphic boundaries for Lake Kurjanovas
(Fig. 1A), also there several problems with AMS radiocarbon dates of macrofossils occurred (Heikkilä et al.
2009).
During the multiproxy studies focusing on the
establishment of the development of environmental
conditions of the Vidzeme Heights during the Holocene
(Kangur et al. 2009) we detected an outcrop near
L. Ķūži. This paper reports some initial findings from a
pilot and a subsequent study aimed at elucidating the
sedimentary history and age of the deposits exposed in
the L. Ķūži outcrop and preliminary examination of the
palaeoenvironmental information documented at that
site. The information obtained is relevant for explaining
the rapidity of the response of the regional vegetation
and lakes to the warming at the Pleistocene–Holocene
transition.
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GEOLOGICAL SETTING
The Vidzeme Heights are located distally from the icemarginal formations of the Luga (North Lithuanian)
stage. The most impressive formations of this ice advance
occur as a wide belt of heights formed about 13 500
14
C BP (Raukas 2009). Cosmogenic 10Be ages of boulders
from the Burtnieks Drumlin Field indicate also that
the area was deglaciated by 13 500 cal BP at the latest
(Rinterknecht et al. 2006). The topography of the
Vidzeme Heights is varied and complex, with the
dominance of subglacial landforms. The elevations of
the area range from 180 to 240 m. Small depressions
between hillocks were formed after the withdrawal of
glaciers from marginal landforms. The outcrop near the
Raunis River containing the best dated and studied late
glacial deposits (Stelle 1968; Danilans 1973) lies 35 km
to the north of L. Ķūži.
Lake Ķūži is located in the western part of the
Vidzeme Heights in the Piebalga hilly area (57°2′N and
25°20′E; absolute height 191.5 m a.s.l.) (Fig. 1B). It was
selected as a reference lake for comprehensive multiple
core studies of lake-level changes in the Holocene. The
lake is today 6.3 ha in area (maximum length 380 m,
width 210 m and depth up to 8 m) with a limited flowthrough. The size of the lake’s catchment area is 1.2 km2
and it is covered with forests to the east and west.
Meadows and agricultural land are situated to the north
and south of the lake.
The NW part of the lake is bordered by an up to
100 m wide peaty area (Fig. 1B). The thickness of fen
peat and lacustrine sediments in this area reaches 6.30 m.
The results of pollen, macrofossil and 14C AMS studies
indicate that fen peat accumulated at the beginning of
the Early Holocene (dated at ca 11 200 cal BP) (Kangur
et al. 2009). The organic-rich gyttja in the core from
the deepest central part of the lake was dated to
ca 11 300 cal BP (Puusepp & Kangur 2010). These dates
indicate that the formation of the lake sediments started
at the very beginning of the Holocene.

METHODS
Sediment samples were taken from the cleaned wall of
the outcrop in May 2008 on the northern shore of
L. Ķūži (Fig. 1B). The outcrop was described and photographed in the field (Fig. 2), and samples from visually
well distinguished layers were wrapped in plastic. The
sampling for different analyses was done in the laboratory
prior to analysis. At first macrofossils from the layers
with different composition were picked out for AMS
14
C dating performed in the Poznan Radiocarbon Dating
Laboratory, Poland.

Fig. 2. Lithological units of the studied outcrop of L. Ķūži
photographed in the field.

For macrofossil analyses 100 cm3 samples were
dispersed in water and washed gently through a 250 µm
mesh sieve. Residues were dispersed in water and
examined on a white plate under a stereomicroscope.
All seeds, fruits and other identifiable remains were
identified with the aid of reference collections and descriptive manuals (Beijerinck 1947; Katz et al. 1977; Birks
1980, 2001; Schweingruber 1990; Grosse-Brauckmann &
Streitz 1992; Cappers et al. 2006) and the results were
expressed as the number of macrofossils per 100 cm3.
For pollen analysis 3 cm3 block samples were treated
with KI + CdI2 heavy liquid (Bates et al. 1978) to
separate minerogenic material. The organic fraction was
then treated by standard acetolysis according to Moore
et al. (1991). In general, at least 500 arboreal pollen
(AP) grains were determined in each sample under the
microscope but part of the samples yielded only 200
grains. The percentage pollen diagram is based on the
total pollen sum. The diagram was made using the
TILIA program (Grimm 1990). Pollen and spore
nomenclature follows Moore et al. (1991) and that for
Alnaster, Kupriyanova & Aleshina (1972). Besides
the pollen grains, also some non-pollen palynomorphs
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were counted from the same slides and identified on the
basis of descriptions and illustrations in van Geel (2001).
The sequences were split into zones by the similarity of
the consecutive pollen spectra and using the cluster
analyses CONISS provided by the TILIA program
(Grimm 1990).
For grain-size analysis samples were measured with
a Fritsch Laser Particle Sizer ‘Analysette 22’ (measuring
range 0.3–300 µm). Before measuring, the samples were
pre-treated. Concentrated H2O2 (30%) (Lu & An 1997;
Allen & Thornley 2004; Mikutta et al. 2005) was used
for removing organic matter. Carbonates were removed
with 10% HCl (Carver 1971; Murray 2002; Schumacher
2002). To avoid flocculation of grains before analysing
with the laser particle sizer, 1% of solution sodium
hexametaphosphate (NaPO3)6 was used (Murray 2002;
Andreola et al. 2004; Vaasma 2008). Chemical reactions
were carried out in a standard 1 L beaker and on a
heating plate (Konert & Vandenberghe 1997; Vaasma
2008).

RESULTS
The investigated sediments of the outcrop were divided
into eight lithological units described in Table 1. On the
basis of the lithological description it was concluded
that the uppermost layers (units I–III) were washed out
and so we concentrated our investigations only on units
IV–VIII. The results of the AMS 14C dating of the two
lowermost samples from layers VII and VIII are presented
in Table 2. They show good chronological correspondence.

The results of pollen and macrofossil analysis of 11
samples from five layers (IV–VIII) are presented in
Fig. 3. They demonstrate no big differences in the pollen
composition: domination of AP (mainly Pinus and
Betula) and the presence of Picea pollen were recorded
in almost all samples. The pollen composition of layers
IV and V–VIII differs because layer IV has a higher
proportion of non-arboreal pollen (NAP, more than
40%) than the lower layers. On the basis of the species
composition we can separate four local pollen assemblage
zones (PAZ). Variation in the grain-size composition is
not very great, but some differences occur between
zones. Silt is dominating in all samples (63–84%), while
clay (8–19%) and sand (0–27%) are found in lesser
amounts. The sediment is not very well sorted, but the
middle parts of the studied layers show better sorting
than the upper and lower parts (Fig. 4).
A high proportion of Pinus pollen (up to 75%)
characterizes zone Kz1, which includes the two
lowermost samples from layers VII and VIII. Also
pollen of Picea is present, together with a few pollen
grains of Betula. Betula nana makes up 8% and Alnaster
2% in layer VIII. A single Tilia pollen grain, probably
redeposited, was found in layer VII. The NAP values
are less than 20% and the main pollen types are
Cyperaceae, Artemisia, Poaceae and Chenopodiaceae.
Spores of Equisetum dominate among the Pteridophytes.
About one third of the pollen grains in these two samples
are corroded and the concentration of grains is also low.
From macrofossils only a few Carex seeds are found
in layers VII and VIII. The grain-size composition of
layers VII and VIII is very different: VIII is coarse-

Table 1. Lithological units of the outcrop near L. Ķūži
Unit No.
I
II
III
IV
V
VI
VII
VIII

Depth below surface, cm

Description

0–35
36–45
46–85
86–120
121–129
130–133
134–135
135–...

Brown deluvium loam
Yellowish sand with fine gravel and rust-coloured ferruginous lenses
Brown loamy sand with alternating layers of clay
Greyish loam with thin disturbed layers of clay, silt and sand
Dark loam with organic detritus and twig remains
Greyish sandy loam with organic detritus
Black organic detritus with wood and plant remains
Grey well-sorted medium sand with some plant remains

Table 2. Sample depth, type of material selected for dating, AMS 14C measurements and resulting calibrated ages
(probability 95.4%) according to IntCal09 (Reimer et al. 2009) in OxCal v4.1.3 (Bronk Ramsey 2009)
Sample ID
Poz-26774
Poz-26775
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Depth, cm Dated material
130–132
133–134

Wood
Wood

AMS 14C yr BP

Calibrated age, yr BP

Mid intercept cal BP

10 840 ± 60
11 050 ± 60

12 890–12 595
13 107–12 721

12 742
12 900
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Fig. 3. Percentage pollen diagram and number of macrofossils in 100 cm3 of sediments of the Ķūži outcrop. Abbreviations:
frs, fruits; ss, seeds; os, oospores; ms, megaspores. The depth scale is nonlinear.

grained (mean diameter 50 µm) and poorly sorted, but
VII is rather fine-grained (mean diameter 8 µm) with
fine and very fine silt fractions dominating.
In zone Kz2 (four samples from layers VI and V)
Betula increases (up to 25%) but still Pinus is dominating
(50–60%). Picea values are 1–3% with a slight trend to
increase in the uppermost samples of layer V. There are
few Betula nana and Alnaster-type pollen grains. Salix

has stable values around 4% and Juniperus pollen was
present in the uppermost two samples of the zone. The
presence of Hippophae rhamnoides pollen is characteristic
only of this PAZ. The NAP values are around 20% and
the diversity of different herbal species is rather high.
The dominants among the NAP are Chenopodiaceae,
Poaceae and Artemisia. Sporadically appeared Dryas
octopetala, Ephedra, Caryophyllaceae, Onobrychis,
117
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Fig. 4. Grain-size distribution of the studied outcrop. The depth scale is nonlinear.

Thalictrum, Rosaceae and Compositae. From Pteridophyta
spores of Selaginella are typical of this zone. Single
spores of Botrychium, Polypodiaceae and Lycopodium are
also present. Aquatics are represented by Myriophyllum,
Potamogeton and remains of the algae Pediastrum and
Botryococcus. The sample from layer VI is characterized
by a high number of Carex seeds (over 140) and few
seeds of Betula nana. In samples from layers V Chara
oospores are present in high numbers (over 1500 in
sample V6–8). From aquatics also Potamogeton seeds are
present. The grain-size distribution is variable in this
zone, but characteristic features are the appearance of
sand fractions (up to 13%) and domination of the coarse
silt fraction (over 20% in all samples).
There is a sharp decrease in Pinus at the beginning
of zone Kz3 and a corresponding increase in Betula and
NAP. Picea has stable values of about 2% and some
pollen grains of Alnus and Corylus appear in this zone.
Betula nana and Alnaster are present in low values.
Salix and Juniperus proportions are around 2–3%. The
increase in NAP is due to the increase in Artemisia,
Poaceae and Chenopodiaceae. From Chenopodiaceae
Salsola kali pollen grains are present in all samples.
Among other herbs pollen of Apiaceae, Rosaceae,
Compositae, Ranunculus, Galium, Hypericum and
Polygonum occur. The number of different pollen types
in this zone is high. Bryophyte spores are dominating
among Pteridophytes. From aquatics Nuphar, Nymphaea
and Potamogeton are represented with single grains.
Remains of Botryococcus algae show the highest values.
According to macrofossil data, the number of Chara
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oospores and Potamogeton seeds decreased significantly
in comparison with the previous zone. Only single
Selaginella spores were also found. At the beginning
of zone Kz3 coarse silt is still dominating (20%) but
thereafter medium silt is increasing. The percentage of
silt decreases, those of clay and sand increase, and the
sediment is getting less sorted.
In PAZ Kz4 Pinus slightly increases and Betula
decreases. The NAP values remain stable but the number
of different pollen types decreases. Chenopodiaceae and
Salsola kali have high values. No pollen of aquatics are
found, only Pediastrum remains are present. Pollen of
Ephedra and spores of Selaginella appear in low values
and sporadically. From macrofossils over 10 seeds of
Potamogeton were found in sample IV7–13. The upper
part of layer IV is characterized by coarser material (up
to 14% sand at the level of IV14–20) and clay (28%);
sediment is poorly sorted.

DISCUSSION
From pollen and macrofossil analysis it is possible to
draw some conclusions about the sediment succession at
the Ķūži site. In the lowermost layers VIII and VII the
pollen spectrum (Kz1) was dominated by Pinus pollen
but the number of counted pollen grains was rather low.
The long-distance origin of tree pollen seems likely,
since pollen grains such as Pinus are known to be easily
distributed over long distances (Moore et al. 1991). The
local vegetation was very scarce, as only Cyperaceae and
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Equisetum were growing at that time. Pinus pollen
quantities up to 80% were characteristic also of the late
glacial sediments of Lithuania (Stančikaite et al. 2009).
So, the question of whether most of the AP should be
regarded a result of long-distance transportation and/or
redeposition or whether trees were growing sparsely at
the site still remains open. As to the significance of
birch pollen, macroscopic remains of Betula seeds were
found in layer VII. The NAP composition reflects more
local vegetation and rather poor plant diversity. The
existence of local vegetation was proved by the presence
of Carex seeds and a large percentage of Cyperaceae
pollen. Together with Poaceae and Equisetum these
finds indicate most probably tundra-like primary wetland
vegetation.
Interpretation of the presence of Picea at 2% is
complicated. Already Thomson (1929) noted that in
sites in eastern and southeastern Estonia spruce was
found in ‘arktischen Tonen’ up to 10%. Thomson
concluded that this spruce phase is connected with the
Baltic ice lake period and Salpausselka ice-marginal
formations and the central part of the East European
Plain was covered with spruce forest at that time and
later. During the Boreal spruce disappeared from many
sites. Giesecke & Bennett (2004) divided the migration
of spruce into Fennoscandia into two phases: (1) rapid
spreading in the early Holocene with the low population
density giving rise to small outpost populations and
(2) spreading as a front in the mid- to late Holocene.
They suggested that the 1% limit of Picea in total tree
pollen sum should be used for the expression of the first
local establishment of spruce. This 1% limit can be
followed in the late glacial in lakes Juusa (Kangur 2005)
and Tuuljärv (Ilves & Mäemets 1987) in southern
Estonia. In such values spruce was found also at
Alinlampi in northern Karelia (Vasari et al. 2007)
during the late glacial, as well as in Dagdas (Galenieks
1936) and near Jelgava (Stelle 1963) in Latvia.
Considering pollen data, macrofossil finds and
modern genetic information, the late glacial history of
spruce was studied by Latałowa & van der Knaap
(2006). They supported the idea that finds of spruce
cones in late glacial sediments of central Russia and
Belarus show that macrofossils belong to the Siberian
species Picea obovata (Picea abies ssp. obovata) growing
nowadays in regions with severe climate and permafrost. Unfortunately it was not possible to determine our
macrofossil findings to such a taxonomic level. Still, we
found a piece of wood from layer VIII that we
identified, according to the microscopic wood anatomy
(Schweingruber 1990), as Picea. The 14C AMS dating
of this wood piece showed an age of 12 900 cal BP.
This age fits also with the data from L. Kurjanovas
(Heikkilä et al. 2009), where local presence of a

reproductive Picea population during the Younger
Dryas stadial 12 900–11 700 cal BP was evidenced by
macrofossils. The only trace of conifers so far
discovered from Estonian late glacial deposits is a few
pine stomata (dated back to ca 13 300 cal BP) from
L. Nakri (Amon et al. 2010).
The high number of Carex seeds (over 140) in layer
VI and Cyperaceae pollen at the beginning of PAZ Kz2
suggest the development of a local wetland succession
where also Betula pubescens, Betula nana and various
Salix shrubs were growing. Pinus and/or Picea were
also growing because we found wood debris in all
samples from layer V, and pollen of both species were
also present. Fossils of obligate aquatic organisms,
which include oospores of Characeae, and seeds of
Potamogeton, indicate open water in layer V. Pollen
of Myriophyllum and Potamogeton and non-pollen
palynomorphs, such as algal Botryococcus, Pediastrum
cf. boryanum in PAZ Kz2, confirm this conclusion.
The combination of aquatic macrofossils with a large
quantity of wood debris suggests a near-shore sedimentation environment. An analogous composition was
found also in surface samples of modern lakes (Koff &
Vandel 2008). The same pattern – an increased
abundance of Characeae oospores – was observed at the
Pleistocene–Holocene boundary at Nakri (Amon et al.
2009) and Solova (Amon et al. 2010). In the grain-size
composition coarser fractions are abundant. This seems
to indicate an allochthonous character of deposition in
the near-shore lake environment. The occurrence of
diverse NAP flora with plants of different ecological
requirements, such as Thalictrum, Onobrychis and
Caryophyllaceae, suggests pioneer vegetation (Pirrus &
Raukas 1996). A characteristic feature of this period is
the presence of Dryas and Hippophae and maximum
occurrence of dwarf willows (Salix herbaceae,
S. reticulata). Pollen and macrofossil content shows a
vegetational phase with wood species prevailing, where
pine was dominant together with birch. This indicates
climate warming. The data from Lithuania (Stančikaite
et al. 2009) showed similar processes induced by the
rising mean temperature and melting of the buried ice,
i.e. ‘thermokarst activity’.
In layer IV PAZ (Kz3-4) the proportion of AP
(including the shrubs Betula nana, Alnaster) was lower
and NAP increased as compared with the previous
layer. Artemisia was the most common taxon among
NAP (up to 30%). Values of Chenopodiaceae and
Poaceae remained at about the previous level. From
Chenopodiaceae Salsola kali showed an increase. Dryas
and Ephedra were also present. Such a pollen
assemblage is characteristic of the Younger Dryas and
therefore may have been outwashed, so that younger
organic-rich material of layer V was buried under older
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sediments of layer IV due to slope processes or glaciokarstic slumping. The advance of birch forests at the
beginning of the Holocene is clearly seen in the pollen
diagram from the mire around 11 200 cal BP (Kangur et
al. 2009).
An extremely rapid formation of a new type of
vegetation, confirming increasing humidity and rising
temperatures, occurred after 11 100 cal BP as a delayed
response to the Pleistocene/Holocene warming 11 500
cal BP. A similarly delayed reaction was registered
in southeastern Karelia (Wohlfarth et al. 2002). We
support the explanation that this phenomenon may have
regional reasons, such as extended permafrost or the
cold surface water of the Baltic Sea (Wohlfarth et al.
2002). The influence of the different stages of the Baltic
Sea on the regional climate could be seen also during
the Holocene (Punning et al. 2000, 2002). The increase
in temperature and humidity in the Early Holocene most
probably caused an intensive melting of the ice in the
surroundings of L. Ķūži and a breakthrough of the
melting waters. This caused the sedimentation of greyish
loam with thin disturbed layers of sand, loamy sand and
deluvium loam also above layer IV (Table 1).

CONCLUSIONS
Lithostratigraphy, pollen and macrofossil analyses and
AMS 14C dating of a sediment sequence from the Ķūži
outcrop provide valuable information about the late
glacial vegetation development in central Latvia. Such
information has so far been very scarce. Our data
showed that an open forest dominated by Pinus with the
presence of some Picea trees was growing in the area
about 12 900 cal BP. The water table continued to rise
after that time, indicated by the presence of oospores of
Characeae and seeds of Potamogeton and confirmed
also by the presence of pollen of Myriophyllum and
Potamogeton and non-pollen palynomorphs, such as
algal Botryococcus and Pediastrum cf. boryanum.
Regression of the forest cover and establishment of the
pollen assemblage shows a pattern characteristic of the
Younger Dryas vegetation before the real advance of
birch forests at the beginning of the Holocene at
11 300 cal BP.

Acknowledgements. This research was initiated by the late
Prof. J.-M. Punning, who also greatly contributed to writing a
preliminary version of the paper. Funding was provided by the
Estonian Science Foundation (grants 6679 and 8189) and the
Estonian Ministry of Education and Research (project
No. 0280016s07). We thank A. Novik for his help during field
work.

120

REFERENCES
Allen, J. R. L. & Thornley, D. M. 2004. Laser granulometry of
Holocene estuarine silts: effects of hydrogen peroxide
treatment. Holocene, 14, 290–295.
Amon, L., Veski, S., Heinsalu, A. & Saarse, L. 2009. New
late-glacial chronology, environmental and climatic
conditions in Southern Estonia: evidence from lake
Nakri. In Extent and Timing of the Weichselian
Glaciation Southeast of the Baltic Sea: Abstracts &
Guidebook (Kalm, V., Laumets, L. & Hang, T., eds),
pp. 73–74. The INQUA Peribaltic Working Group Field
Symposium in southern Estonia and northern Latvia,
September 13–17, 2009. Tartu Ülikooli Kirjastus, Tartu.
Amon, L., Heinsalu, A. & Veski, S. 2010. Late glacial
multiproxy evidence of vegetation development and
environmental change at Solova, southeastern Estonia.
Estonian Journal of Earth Sciences, 59, 151–163.
Andreola, F., Castellini, E., Manfredini, T. & Romagnoli, M.
2004. The role of sodium hexametaphosphate in the
dissolution process of kaolinite and kaolin. Journal of
the European Ceramic Society, 24, 2113–2124.
Bates, C. D., Coxon, P. & Gibbard, P. L. 1978. A new method
for the preparation of clay-rich sediment samples for
palynological investigations. New Phytologist, 81, 459–463.
Beijerinck, W. 1947. Zadenatlas der Nederlandsche Flora.
Veenman and Zonen, Wageningen, 316 pp.
Birks, H. H. 1980. Plant macrofossils in Quaternary lake
sediments. Archive Hydrobiologia, 15, 1–60.
Birks, H. H. 2001. Plant macrofossils. In Tracking
Environmental Change Using Lake Sediments. Vol. 3,
Terrestrial, Algal and Siliceous Indicators (Smol, J. P.,
Birks, H. J. B. & Last, W. M., eds), pp. 49–74. Kluwer
Academic Publishers, Dordrecht.
Birks, H. H. & Wright, H. E. 2000. Introduction to the
reconstruction of the late-glacial and early-Holocene
aquatic ecosystems at Kråkenes Lake, Norway. Journal
of Paleolimnology, 23, 1–5.
Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon
dates. Radiocarbon, 51(1), 337–360.
Cappers, R. T. J., Bekker, R. M. & Jans, J. E. A. 2006.
Digitale Zadenatlas van Nederland [Digital Seed Atlas
of the Netherlands]. Groningen Archaeological Studies,
4. Barkhuis Publishing & Groningen University Library;
XXVI, 502 pp.
Carver, R. E. (ed.). 1971. Procedures in Sedimentary Petrology.
Wiley Interscience, New York, 653 pp.
Danilans, I. J. 1973. Chetvertichnye otlozheniya Latvii
[Quaternary Deposits of Latvia]. Zinatne, Riga, 275 pp.
[in Russian].
Galenieks, P. 1936. Latvijas floras vēsture. Latvijas daba
[History of Latvian flora. Nature in Latvia]. In Latvijas
zeme, daba un tauta, 2. sēj. [The Land, Nature and Folk
of Latvia, Vol. 2], pp. 3–33. Valters un Rapa, Rīga [in
Latvian].
Giesecke, T. & Bennett, K. D. 2004. The Holocene spread of
Picea abies (L.) Karst. in Fennoscandia and adjacent
areas. Journal of Biogeography, 31, 1523–1548.
Grimm, E. C. 1990. TILIA and TILIA GRAPH. PC spreadsheet and graphics software for pollen data. INQUA,
Working Group on Data-Handling Methods, Newsletter,
4, 5–7.

T. Koff and J. Terasmaa: Late glacial stratigraphy in central Latvia
Grosse-Brauckmann, G. & Streitz, B. 1992. Pflanzliche Makrofossilien mittel-europäischer Torfe III. Früchte, Samen
und einige Gewebe. TELMA, 22, 53–102.
Heikkilä, M., Fontana, S. L. & Seppä, H. 2009. Rapid
Lateglacial tree population dynamics and ecosystem
changes in the eastern Baltic region. Journal of Quaternary
Science, 24, 802–815.
Ilves, E. & Mäemets, H. 1987. Results of radiocarbon and
palynological analyses of coastal deposits of lakes
Tuuljärv and Vaskna. In Palaeohydrology of the
Temperate Zone. Vol. III – Mires and Lakes (Raukas, A.
& Saarse, L., eds), pp. 108–130. Valgus, Tallinn.
Kalm, V. 2006. Pleistocene chronostratigraphy in Estonia,
southeastern sector of the Scandinavian glaciations.
Quaternary Science Reviews, 25, 960–975.
Kangur, M. 2005. Palynostratigraphy of Holocene lake
sediments on the Otepää Heights, southern Estonia.
Proceedings of the Estonian Academy of Sciences,
Geology, 54, 52–68.
Kangur, M., Koff, T., Punning, J.-M., Vainu, M. & Vandel, E.
2009. Lithology and biostratigraphy of the Holocene
succession of Lake Ķūži, Vidzeme Heights (Central
Latvia). Geological Quarterly, 53, 199–208.
Katz, N. Ya., Katz, S. V. & Skobeeva, E. I. 1977. Atlas
rastitel′nykh ostatkov v torfakh [Atlas of Plant Remains
in Peat]. Nedra, Moscow, 371 pp. [in Russian].
Koff, T. & Vandel, E. 2008. Spatial distribution of macrofossil
assemblages in surface sediments of two small lakes in
Estonia. Estonian Journal of Ecology, 57, 5–20.
Konert, M. & Vandenberghe, J. 1997. Comparison of layer
grain size analysis with pipette and sieve analysis:
a solution for the underestimation of the clay fraction.
Sedimentology, 44, 523–535.
Kupriyanova, L. A. & Aleshina, L. A. 1972. Pyl′tsa i spory
rastenii flory Evropejskoj chasti SSSR [Pollen and
Spores of Plants from the Flora of the European Part of
the USSR. I.] The Academy of Sciences of the USSR.
Nauka, Leningrad, 171 pp. [in Russian].
Latałowa, M. & van der Knaap, W. P. 2006. Late Quaternary
expansion of Norway spruce Picea abies (L.) Karst. in
Europe according to pollen data. Quaternary Science
Reviews, 25, 2780–2805.
Lowe, J. J., Rasmussen, S. O., Björck, S., Hoek, W. Z.,
Steffensen, J. P., Walker, M. J. C. & Yu, Z. C. 2008.
Synchronisation of palaeoenvironmental events in the
North Atlantic region during the Last Termination: a
revised protocol recommended by the INTIMATE
group. Quaternary Science Reviews, 27, 6–17.
Lu, H. & An, Z. 1997. Pretreatment methods in loesspalaeosol granulometry. Chinese Science Bulletin, 42,
237–240.
Mikutta, R., Kleber, M., Kaiser, K. & Jahn, R. 2005. Review:
removal of organic matter from soils using hydrogen
peroxide, sodium hypochlorite and disodium peroxodisulfate. Soil Science Society of America Journal, 69,
120–135.
Moore, P., Webb, J. & Collinson, M. 1991. Pollen Analysis.
Blackwell, Oxford, 216 pp.
Murray, M. R. 2002. Is laser particle size determination
possible for carbonate-rich lake sediments? Journal of
Paleolimnology, 27, 173–183.
Ozola, I., Cerina, A. & Kalnina, L. 2010. Reconstruction
of palaeovegetation and sedimentation conditions in

the area of ancient Lake Burtnieks, northern Latvia.
Estonian Journal of Earth Sciences, 59, 164–179.
Pirrus, R. & Raukas, A. 1996. Late-glacial stratigraphy
in Estonia. Proceedings of the Estonian Academy of
Sciences, Geology, 45, 34–45.
Punning, J.-M., Koff, T. & Martma, T. 2000. Stable isotope
and pollen records in marl sections from some Estonian
lakes and their palaeoclimatic interpretation. Estonia.
Geographical Studies, 8, 20–34.
Punning, J.-M., Koff, T., Martma, T. & Possnert, G. 2002.
Stable isotope and pollen stratigraphy in marl sediments
from Lake Ilmjärv (central Estonia). Proceedings of the
Estonian Academy of Sciences, Geology, 51, 180–192.
Puusepp, L. & Kangur, M. 2010. Linking diatom community
dynamics to terrestrial vegetation changes: a palaeolimnological case study of Lake Ķūži, Vidzeme Heights
(Central Latvia). Estonian Journal of Ecology, 59, 259–
280.
Raukas, A. 2003. Progress in Estonian Quaternary stratigraphy
during the last decade. Geologija (Vilnius), 41, 36–43.
Raukas, A. 2009. When and how did the continental ice retreat
from Estonia? Quaternary International, 207, 50–57.
Reimer, P. J., Baillie, M. G. L., Bard, E., Bayliss, A.,
Beck, J. W., Blackwell, P. G., Bronk Ramsey, C.,
Buck, C. E., Burr, G. S., Edwards, R. L., Friedrich, M.,
Grootes, P. M., Guilderson, T. P., Hajdas, I., Heaton, T. J.,
Hogg, A. G., Hughen, K. A., Kaiser, K. F., Kromer, B.,
McCormac, F. G., Manning, S. W., Reimer, R. W.,
Richards, D. A., Southon, J. R., Talamo, S., Turney, C. S. M.,
van der Plicht, J. & Weyhenmeyer, C. E. 2009. IntCal09
and Marine09radiocarbon age calibration curves,
0–50,000 years cal BP. Radiocarbon, 51(4), 1111–1150.
Rinterknecht, V. R., Clark, P. U., Raisbeck, G. M., Yiou, F.,
Bitinas, A.,
Brook, E. J.,
Marks, L.,
Zelcs, V.,
Lunkka, J.-P., Pavlovskaya, I. E., Piotrowski, J. A. &
Raukas, A. 2006. The last deglaciation of the
southeastern sector of the Scandinavian Ice Sheet.
Science, 311, 1449–1452.
Saarse, L., Niinemets, E., Amon, L., Heinsalu, A., Veski, S. &
Sohar, K. 2009. Development of the late glacial Baltic
basin and the succession of vegetation cover as revealed
at Palaeolake Haljala, northern Estonia. Estonian Journal
of Earth Sciences, 58, 317–333.
Sarmaja-Korjonen, K., Seppänen, A. & Bennike, O. 2006.
Pediastrum algae from the classic late glacial Bølling Sø
site, Denmark: response of aquatic biota to climate
change. Review of Palaeobotany and Palynology, 138,
95–107.
Schumacher, B. A. 2002. Methods for the Determination of
Total Organic Carbon (TOC) in Soils and Sediments.
Ecological Risk Assessment Support Center, Las Vegas,
25 pp.
Schweingruber, F. H. 1990. Microscopic Wood Anatomy.
Swiss Federal Institute for Forest, Snow and Landscape
Research, 226 pp.
Stančikaite, M., Šinkūnas, P, Šeirienė, V. & Kisielienė, D.
2008. Patterns and chronology of the Lateglacial
environmental development at Pamerkiai and Kašučiai,
Lithuania. Quaternary Science Reviews, 27, 127–147.
Stančikaite, M., Kisielienė, D., Moe, D. & Vaikutiene, G.
2009. Lateglacial and early Holocene environmental
changes in northeastern Lithuania. Quaternary
International, 207, 80–92.

121

Estonian Journal of Earth Sciences, 2011, 60, 2, 113–122
Stelle, V. J. 1963. Late Glacial plant remains near Ane in the
vicinity of Jelgava. In Voprosy chetvertichnoj geologii II
[Questions on Quaternary Geology] , Trudy instituta
geologii, XI, 125–133. Riga [in Russian, with English
summary].
Stelle, V. 1968. Stratigrafiya pozdnelednikovykh otlozhenii na
territorii Latvijskoj SSR [Stratigraphy of the late glacial
deposits on the territory of Latvian SSR]. Manuscript,
Cand. Sci. Dissertation, Tallinn [in Russian].
Thomson, P. 1929. Die regionale Entwicklungsgeschichte der
Wälder Estlands. Publications of the Geological
Institution of the University Tartu, 19, 1–87.
Turney, C. S. M., Coope, G. R., Harkness, D. D, Lowe, J. J. &
Walker, M. J. C. 2000. Implications for the dating of
Wisconsinan (Weichselian) Late-Glacial events of
systematic radiocarbon age differences between terrestrial
plant macrofossils from a site in SW Ireland. Quaternary
Research, 53, 114–121.
Vaasma, T. 2008. Grain-size analysis of lacustrine sediments:
a comparison of pre-treatment methods. Estonian Journal
of Ecology, 57, 231–243.

van Geel, B. 2001. Non-pollen palynomorphs. In Tracking
Environmental Change Using Lake Sediments. Vol. 3:
Terrestrial, Algal and Siliceous Indicators 1 (Smol, J. P.,
Birks, H. J. B. & Last, W. M., eds), pp. 99–119. Kluwer
Academic Publishers, Dordrecht.
Vasari, Y., Kuznetsov, O. L., Lavrova, N. B., Shelekova, T. S.
& Vasari, A. 2007. Alinlampi, a Late-Glacial site in the
northern Karelian Republic. Annales Botanici Fennici,
44, 42–55.
Veski, S., Amon, L. & Heinsalu, A. 2008. Estonian LateGlacial chronology, vegetation and environment:
multiproxy evidence from lake Nakri, Southern Estonia.
In (NEPAL) Nordic Network of Palaeoclimatology,
Second Conference, Abstracts of Oral Presentations and
Posters, p. 24. Backagarden, Höör, Sweden, September
26–27, 2008.
Wohlfarth, B., Filimonova, L., Bennike, O., Björkman, L.,
Brunnberg, L., Lavrova, N., Demidov, I. & Possnert, G.
2002. Late-Glacial and Early Holocene environmental
and climatic change at Lake Tambichozero, Southeastern
Russian Karelia. Quaternary Research, 58, 261–272.

Ķūži järve (Kesk-Lätis) kaldalähedase paljandi setted: lisateave Hilis-Glatsiaali
stratigraafiale
Tiiu Koff ja Jaanus Terasmaa
Vidzeme kõrgustikul (Kesk-Lätis) asuva Ķūži järve kompleksuuringutel sattusime paljandile, kus 1,7 m liivakate
setete alt, 30 cm tänapäevasest järve veepinnast kõrgemal leidsime orgaanikarikka tumeda settekihi. Läbilõikest
võetud proovidest määrasime õietolmu ja makrojäänuste koostise. Alumisest settekihist leitud puutüki (kuusepuit)
vanuseks AMS-meetodil määrati (11 050 ± 60 14C BP) 13 107–12 721 cal BP, mis kinnitas meie oletust antud kihi
hilisglatsiaalsest päritolust. Õietolmu koostises domineeris antud kihis männi õietolm, kuid leidus ka kuuse õietolmu
ja ka Betula nana, Cyperaceae ning Equisetum’i oma, mis on samuti iseloomulikud hilisglatsiaalsele taimestikule.
Ülemistest kihtidest leitud Characeae oospoorid ja Potamogeton’i seemned viitavad veelisele keskkonnale antud
settimiskohas. Myriophyllum’i, Potamogeton’i õietolm ja mõnede vetikate, nagu Botryococcus, Pediastrum cf. boryanum,
jäänused kinnitavad seda.
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