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Abstract:

An inter-till stratified sediment deposit with intervening organic layer was identified at Petäjäselkä, northern Finland. The
deposit lay under a peat bog and was itself underlain by a 3-m thick basal till bed. Sampling by percussion drilling revealed
an intervening 1–15 cm thick organic layer between stratified sands at 5.5–6.0 m depth. The pollen composition of the organic
layer was dominated by Pinus-Betula and its radiocarbon age was 35,300 ± 600 BP (14C). The estimated age of the sands under
the organic layer, determined by the OSL method, was 72.6 ± 21.3 ka and 58.1 ± 17.0 ka at two different sampling points, while
that of the sand above the organic material was 31.8 ± 5.6 ka at one of these points. Based on these dating results, the inter-till
stratified sands with intervening organic layer represent the Middle Weichselian interstadial. This provides further evidence of
an ice-free period in northern Finland, in the centre of the Scandinavian Ice Sheet, during the Middle Weichselian.
(Interstadiale Ablagerungen des Mittel-Weichsel aus Petäjäselkä, Nord-Finnland)

Kurzfassung:

In Petäjäselka (Nord-Finnland) wurde ein geschichtetes Sedimentpaket mit einer zwischengeschalteten Organiklage nachgewiesen, welches in Till der Grundmoräne eingebettet war. Die Grundmoräne hatte eine Mächtigkeit von 3 m und wurde von
einem Moor überlagert. Durch Rammkernbohrungen war dann eine 1–15 cm mächtige Organiklage nachweisbar, die in Tiefen
von 5.5–6.0 m jeweils in Sanden eingebettet war. Der organische Horizont ist durch eine Pinus-Betula-Gemeinschaft und ein
absolutes Alter von 35,300 ± 600 BP (14C) gekennzeichnet. Die unterlagernden Sande wurden an zwei Lokalitäten per OSL auf
Alter von 72.6 ± 21.3 ka und 58.1 ± 17.0 ka datiert. Für den überlagernden Sand wurde per OSL an einer der Lokalitäten ein Alter
von 31.8 ± 5.6 ka bestimmt. Den Datierungsergebnissen zufolge repräsentieren die in den Till eingebetten Sande mit dem Organikhorizont ein Interstadial des Mittel-Weichsel. Desweiteren lässt sich daraus für Nord-Finnland eine eisfreie Phase während des
Mittel-Weichsels im Zentrum des Skandinavischen Eisschildes ableiten.
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1 Introduction
The Middle Weichselian interstadials in the central part of
the Scandinavian Ice Sheet (SIS) have been studied extensively during the past decade (Helmens et al. 2000, Olsen
2002, Houmark-Nielsen & Kjær 2003, Lunkka et al.
2004, Svendsen et al. 2004, Kalm 2006, Alexanderson &
Murray 2007, Krzyszkowski & Kuszell 2007, Satkunas et
al. 2009, Engels et al. 2010). In Finland, particular attention
has been focused on the stratified inter-till layers observed
mainly in northern and western Finland (Mäkinen 2005,
Sarala 2005, Helmens et al. 2007, Auri et al. 2008, Salonen et al. 2009, Sarala et al. 2010). The aim of the present
study was to find further evidence on the extent and timing
of the Weichselian interstadials. The main method used was
stratigraphical interpretation, supported by Optically Stimulated Luminescence (OSL) and radiocarbon (14C) dating.
Paleontological studies were conducted on material from
the organic layer.
The study sites in Finland were mainly old stratigraphical key sites at which organic-stratified sediment interlayers have been observed (e.g. Hirvas 1991). These sites were
first studied during the 1970s and 1980s, when dating was
based on interpretation and correlation of paleontological
records (pollen and diatoms) rather than the 14C method or
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various luminescence methods. This was due to the limitations and/or unreliability of those methods at that time
(Nenonen 1995). However, some new observations were
made during the past decade in other contexts, e.g. during
test excavations, till sampling and other surficial geological
research carried out in poorly studied areas (Sarala et al.
2005, Sarala 2008).
One of the new study sites is Petäjäselkä in northern
Finland, where an inter-till stratified sediment deposit
with intervening organic layer was found in a peat bog.
Petäjäselkä is located in the Central Finnish Lapland, about
150 km inside the Arctic Circle (Fig. 1). This area was the
core component of the SIS and the site of the latest ice divide zone (Sarala & Ojala 2008). A percussion drilling
programme for geochemical exploration of the till was carried out in the area in 2005 and organic material was found
in two of the drilling holes. In 2008, these two sampling
sites were re-sampled by percussion drilling.
2 Methods
Sampling was carried out using percussion drilling with
plastic tubes 3.7 cm in diameter (Fig. 2) and 1 m in length.
The sediment cores were logged and the results described
in the stratigraphy log (Fig. 3) using lithofacies classifica-
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Fig. 1. Location of the study area and the two sampling sites in the Järämäaapa peat bog, Petäjäselkä, northern Finland.
Abb. 1. Lage des Untersuchungsgebietes und der beiden Probenahmestellen im Järämäaapa Moor bei Petäjäselkä, Nord-Finnland.

tion. One sample from the organic layer was analyzed for
pollen content and the total pollen count (∑P) was calculated from the percentage of terrestrial plants (trees, shrubs,
dwarf shrubs and herbs). Spores were calculated from the
total pollen count and spores (∑P + spores). A pollen diagram was compiled using the Tilia (Grimm 1991–1993) and
TGView (Grimm 2004) software.
Samples were taken for dating from the organic layer
(14C dating) and from the stratified sediments above and below that layer (OSL dating). Samples for OSL dating were
covered with black plastic bags to avoid damage by sunlight. The dating analysis, using quartz grains, was based
on the SAR protocol described by Murray & Wintle (2000)
and was performed in the Dating Laboratory of the University of Helsinki, Finland. 14C dating was performed on bulk
samples at the Poznań Radiocarbon Laboratory, Poland.
3 Results
3.1 Stratigraphy
The sampling sites are situated in a peat bog area and the
stratigraphy is as follows (Fig. 3):
Unit 1. At the bottom there is a silty, massive or slightly
laminated, brown till unit with a thickness of more than
1 m. The till is compact and hard to penetrate with percussion drilling. Stone content is low and pebbles are small
and rounded.

Unit 2. Should be indent the basal till changes gradually to
a 1-m thick, gray and massive till unit. The composition of
the till matrix is still silty, but the stone content and stone
size is greater.
Unit 3. This is followed by a 1-m thick stratified gravelly
and/or sandy deposit that includes the intervening organic
layer (Fig. 2). The bottom of the deposit consists of a sand
layer (20–30 cm thick) that is mainly massive, although
some graded beddings can be found as a mark of streaming water. Above this there is a sharp transition to the organic layer (Fig. 2b). The organic layer is 1–15 cm thick and
its structure is massive. Above the organic layer there is a
gradual transition to an approx. 40–50 cm thick deposit of
massive and sandy gravels.
Unit 4. Above the gravels is a 1.5–3 m thick till unit composed mainly of sandy or silty matrix with some thin sandy
layers. Stone content is low but some larger boulders (diameter 20–50 cm) are present. The transition between this
unit and that both above and below is gradual.
Unit 5. On the top of the profile lies a modern, Holocene
peat cover of 2–3 m depth. In mire classification the peat
type is aapa mire, the most common type in central Finnish
Lapland. The peat in aapa mires is most typically composed
of brown moss (Bryales) and residues of sedge-like plants.
The surface vegetation of the mire is composed of mosses
such as Sphagnum spp. and sedges such as Carex spp., but
also many sprigs of e.g. Arctic birch (Betula nana). One of
the typical plants is bogbean (Menyanthes trifoliata).
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Fig. 2. a) Percussion drilling in Järämäaapa and b) longitudinal section of 3.5 cm diameter percussion drilling core from Järämäaapa, showing the 1 cm
thick organic layer between sands and gravels (January 2008. Photos: P. Sarala).
Abb. 2. a) Schlagbohrgerät in Järämäaapa und b) Längsschnitt Bohrkern aus dem Järämäaapa Moor (Durchmesser 3.5 cm) mit der 1 cm mächtigen Organiklage zwischen Sanden und Kiesen (Januar 2008, Fotos: P. Sarala).

3.2 Pollen composition of the inter-till deposit
Pollen analyzes carried out on the organic layer (Fig. 4).
The percentage of tree pollens in the total pollen count in
the layer was quite constant, varying from 67.8% to 74.3%.
Pinus was the dominant tree pollen, comprising 30.8–42.6%,
while Betula comprised 29.1–33.3%. Other tree pollens
present were Alnus (1.2–2.0%), Picea (0.6–3.0%) and Populus
(0.3%). One pollen grain of Quercus and one of Carpinus
were also found (probably long-distance transportation).
The non-arboreal pollen (NAP) was from shrubs such as
Betula nana (0.5–2.3%), Salix (<0.5%) and Juniperus (< 0.5%)
and dwarf shrubs such as Empetrum (<0.5%), Ledum (<0.5%)
and Vaccinium (0.5%). Cyperaceae was the dominant herb
family, comprising 17.9 to 27.7% of total pollen. Low levels of pollen from different herbs (e.g. Filipendula, Juncus,
Poaceae, Potentilla, Ranunculaceae, Rubus ideaus, Rumex acetosella, Solidago) were also present. Spores of Lycopodium
annotium (<0.5%), Polypodiaceae (<1%), Selaginella selaginoides (<0.5%) and Sphagnum (3.1–14.2%) were identified.
3.3 Age of the deposit

Fig. 3. Stratigraphy of the Järämäaapa area as shown by the stratigraphy
log of the sediment core at sampling point 2. The inter-till sediment is
1–2 m thick, with an intervening 1–15 cm thick organic layer.
Abb. 3. Stratigraphie des Järämäaapa Moors wie sie aus der Schichtenfolge
an der Probenahmestelle 2 ableitbar ist. Das Sedimentpaket im Geschiebemergel ist 1–2 m dick und wird durch eine 1–15 cm dicke Organiklage
gegliedert.
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Three gravel/sand samples were dated, one from under the
organic layer at each of the two sampling points and one
from above the organic layer at sampling point 1. The OSL
age of the sand under the organic layer was found to be
72.6 ± 21.3 ka and 58.1 ± 17.0 ka for sampling point 1 and
2, respectively, although having relatively wide variations.
The OSL age of the sand above the organic layer (sampling
point 1) was 31.8 ± 5.6 ka.
14
C dating was carried out on material from the organic
layer, at a depth of about 6.4 m at sampling point 1 and
5.5 m at sampling point 2. The age of the peat at sampling
point 1 was 35,300 ± 600 BP. However, the other sample
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Fig. 4. Pollen diagram of the 15 cm thick organic layer at sampling point 2, Järämäaapa. Grey curves show 10 x magnifications.
Abb. 4. Pollendiagramm der 15 cm mächtigen Organiklage an Probenahmestelle 2 im Järämäaapa Moor. Die grauen Kurven zeigen die 10fache Überhöhung.

was contaminated with peat from the bottom of the modern mire and was found to have an age of 6,900 ± 60 BP, i.e.
from the Holocene period.
The ages are in line with the stratigraphy, which indicates deposition of the bottommost sediments at the end
of the Early Weichselian, followed by Middle Weichselian
sedimentation.
4 Discussion
Northern Finland is situated in the central part of SIS and
has been influenced by several cold periods since the Early
Weichselian (Svendsen et al. 2004). There were at least two
glaciation phases during the Early and/or Middle Weichselian period, with an intervening period of about 20 ka
(Helmens et al. 2000, 2007, Sarala 2005). For that reason,
older stratified sediments have been available for younger
erosion and re-deposition processes. The mixture of older and younger sediments is probably the reason for the
rather large variation in the oldest OSL ages. However, the
finite radiocarbon age of the organic layer is reliable and
indicates the relative age of deposition. It confirms Middle Weichselian origin, although there is a possibility of
earlier organic matter formation if the layer was contaminated by the younger carbon during later glacial processes
or it was influenced by the groundwater. The radiocarbon
age can also be somewhat older in calendar years but still
correlates well with other age determinations of the Middle
Weichselian deposits in northern Finland and Sweden (e.g.
Korpela 1969, Helmens et al. 2000, 2007, Hättestrand
& Robertsson 2010). The Middle Weichselian interstadial
deposits in central and southern Lapland have also been
described by Mäkinen (2005), Sarala (2005, 2008) and
Sarala et al. (2010).
Should be indent the majority of the pollen grains in
the inter-till organic layer were somewhat decayed and
crumbling, but still clearly identifiable. The organic matter was most probably transported and re-deposited in
the sediment. For that reason, interpretation of the vegetation is quite difficult. However, the general spectrum of
modern pollen samples from northern Fennoscandia suggests either tundra vegetation or open birch (sparse) forest
(Prentice 1978, Seppä et al. 2002). The pollen levels of Pinus

and Betula suggest that the timberline for Pinus and Betula cannot be far away from the Petäjäselkä site (Prentice
1978, Hicks 2001, Seppä et al. 2002).
The same rich composition of tree pollen has been reported for example at Sokli, eastern Finnish Lapland
(Helmens et al. 2000, Bos et al. 2009). Helmens et al. (2000)
reported relatively high proportions of Pinus and Betula
pollen (borehole 900, depth 7.81–7.07 m). The high amount
of Juniperus and Cyperaceae pollen indicates the same
vegetation environment. Bos et al. (2009) studied clay-silt
lacustrine sediments at Sokli, dated early MIS 3 (so-called
Tulppio Interstadial) and found similarities e.g. with the
values of Betula, Alnus, Picea and Cyperaceae. Those authors concluded that there is a possibility of secondary origin tree pollen from older (e.g. Eemian) deposits.
Pollen records for Riipiharju, northern Sweden,
are to some degree comparable (Riipiharju II, LPAZ2)
(Hättestrand & Robertsson 2010). A significant difference from the Petäjäselkä profile is the absence of Pinus
pollen. However, it should be noted that comparisons between these sites are not straight-forward, because in the
case of Sokli and Riipiharju the sample material mainly
consisted of mineral material instead of organic material.
The inter-till organic sediment layer is only about 1 m
thick at the Petäjäselkä site and for that reason is scarcely
representative of the whole 40-ka deposition history. The
layer indicates re-deposition in separate phases. However, the stratigraphy is supported by the chronological data
and indicates the occurrence of ice-free period(s) during
the Middle Weichselian.
5 Conclusions
The stratigraphical studies at Petäjäselkä form part of a
larger project aimed at updating the knowledge of glacial
chronology in the central part of the SIS in northern Finland. Another aim is to provide new evidence about the existence and number of Weichselian interstadials. Our dating results for Petäjäselkä proved that the inter-till stratified deposit with intervening organic layer represents the
Middle Weichselian interstadial. The ice-free period could
have lasted at least 20 ka and the vegetation represents
Pinus and Betula-dominated forests that are still typical of
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the area. The organic sediment deposit at Petäjäselkä and
other interstadial deposits found in central and southern
Finnish Lapland clearly show that northern Finland was
ice-free at least once during the Middle Weichselian period.
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