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Introduction
Oak wood macrofossils in the form of oak trunks 
– which could also be called megafossils by vir-
tue of their size or subfossils due to their deposi-
tional history – have been more commonly found 
in Southern Scandinavia peatlands and even in 
the Baltic states due to the milder climate and 
much wider former distribution of oaks through-
out the vegetation history in the Holocene (e.g. 
Edvardsson & al. 2024, Vitas & al. 2023). From 
Scania (Sweden) and Denmark more than 1 000 
oak trunks have been reported, whereas from Bal-
tic sites the number of specimens is counted in 
tens of trees.

Distribution of the common oaks (Quercus 
robur) extended further north also in Finland 
when the climate was warmer during the Atlan-
tic period in the middle of the Holocene. Since 
then, the distribution has been gradually limited 
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Subfossil tree trunks recovered from the Holocene deposits are commonly used as indicators of 
past vegetation shifts and climatic fluctuations. Such findings must be scientifically dated prior 
to any palaeobotanical or palaeoclimatic interpretations. This study concentrates on a subfossil 
specimen of oak (Quercus sp.) wood unearthed from Kemiönsaari, SW Finland. The specimen 
available for scientific examination represents a mature tree with > 150 annual rings and stem di-
ameter c. 25 cm. The age of the tree specimen was determined by radiocarbon dating as 3340 ± 28 
BP. Radiocarbon calibration results in a calendar year age range between 1732 and 1532 cal BC. 
The implications of the results are discussed in a multi-disciplinary context. The investigated oak 
specimen may not be the first one ever discovered in Finland. However, at least to our knowledge, 
it represents the first piece of evidence of its kind, rigorously dated and described in the scientific 
literature.

down to a very narrow coastal strip of SW Fin-
land mainly due to the long-term climatic cool-
ing and as the main competitor, spruce (Picea 
abies) has entered the region from the east. More-
over, the occurrence of the oak species is restrict-
ed by the edaphic factors. In the coastal area of 
SW Finland, the oaks are mainly growing in eu-
trophic oak-groves, often with e.g. linden (Tilia 
cordata) and hazel (Corylus avellana). Many of 
the former forests may also have evolved in the 
region when the historical agriculture cleared up 
forested landscape to cultivated fields. In Finland, 
old oaks have also been suffering from the severe 
droughts (Helama & al. 2014, 2016), alongside a 
rapid re-expansion of oak seedlings.

Compared to Swedish, Danish and Baltic sites, 
there appears to exist no scientific description of 
subfossil oak wood unearthed from Finland. This 
paper fulfils this gap by presenting the finding of 
megafossil oak wood found from SW Finland and 
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discussing the significance of the presented pal-
aeobotanic evidence. In fact, the oak trunk was 
found already in 1957 from the untouched layers 
of under cultivation taken, about 1 ha field plot 
near the center of Kemiönsaari municipality (Sjö-
berg 2019). The site consists of a field area that 
may have been a basin of a former bay or lagoon 
of the Baltic. Later it may have evolved as a pond 
or lake for a while. The field lies about 1 km to 
the south-east from the bottom end of Norrlångvi-
ken – a long, narrow fjord like bay. The land up-
lift and the ancient sea-level drops have exposed 
the bottom end of the former bay now as a nar-
row agricultural landscape, which continues 2–3 
km further towards the main village of the island. 
The Norrlångvik village reaches to the end of the 
”fjord”, with relative steep bedrock hills many 
places on both sides. (e.g. Tikkanen & Wester-
holm 1992).

About 3000 years ago the Norrlångviken was 
one of the many narrow straits, which divided the 
later Kemiö island (Kemiönsaari in Finnish) still 
at that time as archipelago. The strait connected 
the waters from the western parts to its eastern 
coastal areas. The straits may have been used as 
channels of transport by the early fisherman-hunt-
ers, the first settlers or later sporadically even by 
the Vikings. The Bronze Age activity sites rough-
ly more than 3000 years ago in Kemiö islands are 
associated with the ancient cairns marked in fig. 7 
map C with the black points. Later the land uplift 
of the central areas of Kemiö drained the straits 
(Tikkanen & Westerholm 1992). Today the open 
sea lies a few kilometers to western from the oak 
find site. The bottom of the bay has for long been 
a landscape of the agriculture. Aside the main vil-
lage some smaller farms lie with their tiny field 
plots between the bedrock hill tops, which may 
rise up to 40–50 m above the sea-level. The oak 
find site, the field plot, lies about 22,5 m a.s.l. In 
the last decades also the feldspar and calcareous 
rock have been mined here and there from the 
bedrock in the region. The mining begun as a lo-
cal scale industry and has since enlarged now to 
a minor export business. The main industrial site 
and little wharf being now on the coast of Norr-
långviken, about 2 kilometers from the actual oak 
find site.

Today, the widest oak groves in the municipal-
ity of Kemiönsaari are around Lappdal and Ek-

hamn. Some of the most prominent small oak for-
ests in region, broadly 20–35 km from the actual 
oak find site, are e.g. Lenholm in Parainen, Vai-
sakko in Salo and Framnäs in Raseborg (Fig. 8., 
see also e.g. Helama & al. 2014, 2016). All these 
groves reach to the present coastline. We antic-
ipate that our results could lead to new findings 
of subfossil oak as the information gathered from 
the discovery site are presented. That it, the de-
tails we provide could help locate new specimens 
from the future excavations. While in southern 
Scandinavia the dendrochronologists aim for a 
9000-year oak tree-ring chronology, which may 
be possible due to the vast amount of subfos-
sil oak trunks already located (Edvardsson & al. 
2024), the Finnish research could benefit from 
a higher number of findings to detail the former 
distribution of the oaks in both space and time. 
As previously alluded to, distribution and occur-
rence of the species have likely increased main-
ly due to warming caused by the climate change. 
Past distribution has been is mainly studied by the 
palynological analyses. The oak area was wider 
in warmest period of the Holocene, the Atlantic, 
and the occurrence probably more frequent. As 
previously alluded to, the distribution and occur-
rence of the species were likely much extended 
in the past due to the warmer Atlantic period in 
the middle of the Holocene. In Finland, the past 
distribution of the oak has mainly been studied 
so far by means of palynological analyses. Meg-
afossils, by contrast, are expected to throw more 
light on the local occurrence of the species in the 
past, in comparison to pollen analysis that pro-
vides more general information of the tree spe-
cies prevalence.

The oak find site in the former peatland
The first finding of subfossil oaks was made by a 
local farmer from the depth of about 30 cm of the 
peatland when the agricultural subsurface drain-
age of the field was implemented in 1957. The 
oak wood was notably hard and unabraded, for 
which reason it was not expected to be particu-
larly old. While the cutting edge of the plough 
can tear up roots and stumps from this depth, it is 
not exceptional in the beginning of the bog field 
cultivation. The hidden trunk was a giant for the 
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Fig. 1. (a) Distribution of Quercus robur (modified after Ducousso and Bordacs 2003 and Haneca et al. 2009) and location of 
Kemiönsaari municipality in SW Finland (box). (b) The finding site of the oak pinpointed in the aerial photo taken 1957. The ar-
row points to the original oak find site. Direction of the arrow is to the north. The oaks growing nearby the forest edge to the 
west would be most typical for the Finnish oaks today. The habitat in front of the heat-storing bedrock heading to the west 
provides micro-climatically advantageous conditions. Subsurface drainage was not yet implemented in the field when the aer-
ial photo was taken but the surface was still in the open-ditch condition. Another subfossil oak was found in the 1970´s near 
the narrow strait between the forest edges, when the drainage was complemented.

Fig. 2. The oak find site in October 2025. The landowner in the right corner of the photo, nearby the original find site. The oth-
er oak was found from the narrow strait in the middle. No oaks of similar size are known to have grown around in the last dec-
ades. The probable oak stand position has been to the west, in the lower part of the bedrock slope. It is very typical position 
for oak nowadays in SW Finland due to the beneficial microclimatic aspects. Organic matter rich, still mostly turf soil have pre-
served the fallen oak logs for thousands of years. The scene has originally been a bay of the sea, while the descending sea-lev-
el may have turned it first to a eutrophic coastal forest, then transforming it as a sloping fen. The sloping terrain may have pre-
vented the independent lake phase from the bog/fen succession. 

horse-drawn machinery in use at that time, so the 
drainpipes had to be located going the trunk (Sjö-
berg 2019). In former bog soils, drainpipes are 
in average usually installed much deeper, for the 

depth of about 100–120 cm. In the first stage, the 
drainage causes relatively fast flattening of the 
humus-rich surface. 

Photo: J. Raisio
Aerial photo: Topografikunta 1957
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In the 1970’s another oak trunk was noticed 
about 150 m from the first find site. It was pulled 
up to the forest with a tractor and the aim was to 
saw it as crude timber, but the hard looking oak 
wood was soon badly decayed before any sawing 
had been done. The pH of the peatland find site 
soil was quite high, above 5 (Sjöberg 2019). The 
relative high pH-value indicates that it may actu-
ally have been a fen than a bog before.

In the year 2003, the excavator took the oak 
trunk originally discovered in 1957 entirely up, 
when the drainage was complemented, and the 
trunk was pulled out to the forest. The trunk of 
3 m in length and 30 cm in diameter was later 
washed and sawn as crude timber i.e. planks. A 
small part of the oak wood was used as materi-
al for home carpentry, as clock faces. Most of the 
sawn oak wood has been maintained in the barn 
of the farm (Sjöberg 2019). In this last occasion 
also a subsurface bedrock formation, hindering 
free water flow downwards from the field plot, 
was partly detonated broken to ensure the drain-
age of the field plot. When the landowner begun 
to speculate about the age of trunk the authors of 
this article were also contacted.

Methods
The oak sample was investigated using (14C) radi-
ocarbon and tree-ring analyses. First, a fragment 
of subfossil wood, representing three outermost 
rings of the sample (Fig. 3), was used for 14C de-

termination at the Laboratory of Chronology, Uni-
versity of Helsinki (Uusitalo & al. 2022). First, 
the dates were given in conventional 14C year BP 
(before AD 1950) with uncertainties pertaining to 
the counting statistics and activity measurements. 
Second, the conventional 14C date was calibrated 
into calendar years (cal BC) reported here with 
the two-sigma age range using the Oxcal (ver-
sion 4.4) software (Bronk Ramsey 1995, 2009). 
The Northern Hemisphere IntCal20 14C calibra-
tion curve was used for calibration (Reimer & al. 
2020). Second, tree-ring widths were measured 
from the cross-section of the subfossil sample. Six 
radii were measured under a light microscope and 
the tree-ring series were synchronised (cross-dat-
ed) against each other visually and by using Co-
fecha software (Holmes 1983). Third, the dating 
position of the oak tree was compared with dep-
ositional histories of subfossil oaks from south-
ern Scandinavia (Sweden and Denmark) where 
the increased phases of subfossil oak supply are 
commonly linked with dry peatland surface con-
ditions promoting regeneration (Edvardsson & al. 
2024). While there are no oak records from Fin-
land, similar comparison was done with the sub-
fossil pine records from Finnish Lapland, origi-
nating from lacustrine sites more than 150 me-
ters above sea level, where the availability of sub-
fossil trees is expected to reflect summer warmth 
which is essential to seed production (Helama & 
al. 2004; Helama & Oinonen 2019). Both records 
span roughly over the past 7600 years over which 
period they were plotted for comparison.

Fig. 3. A disk sample of subfossil oak used for radiocarbon and tree-ring analyses. The rightward arrow indicates the location of 
a fragment used for radiocarbon analysis. 

Photo: S. H
elam

a
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Fig. 4. Tree-ring data of the subfossil oak, as a function of 
tree number from the pith. Tree-ring series measured as sep-
arate radii (a) were averaged into a mean growth record (b). 
Diameter of the tree trunk was calculated from tree-ring data 
and compared with recent data from healthy and declining 
oaks cored at breast height in six sites in SW Finland. The re-
cent tree-ring data consisting of 118 trees originate from 
Helama et al. (2014, 2016). 

Table 1. Determination of radiocarbon age of the sample 
under investigation characterised using the sample ident 
(Lab ID) from the Laboratory of Chronology (University of 
Helsinki), sample material, uncalibrated age BP (uncal BP; 
before AD 1950), and calibrated BC years (cal BC) with two-
sigma (94.5%) age-range using the OxCal software (Bronk 
Ramsey, 1995, 2009) and initially the Northern Hemisphere 
IntCal20 14C calibration curve (Reimer et al. 2020).

Lab ID Material uncal BP cal BC (94.5%)

Hela-5578 Subfossil oak 3340 ± 28 1732-1720 (2.7%) 
1689-1532 (92.7%)

Results
A disk sample sawn from the unearthed subfos-
sil oak trunk was used for 14C and tree-ring anal-
yses. Radial growth of the oak was investigated 
using tree-ring data, portraying growth variations 
on inter-annual to longer scales (Fig. 4a). The 
mean growth record containing 154 rings (Fig. 
4b) showed that the tree had reached maturity. 
The widths of the 25th to 55th rings of the sam-
ple (counted from the pith) were markedly wide, 
with notable variability, indicating an unstable 
growth phase from which the tree had neverthe-
less survived, as it continued to grow for at least 
the next 100 years. The growth level of the sub-
fossil oak was markedly reduced, in comparison 
to recent oaks investigated previously from the 
same region (SW Finland). That is, the growth of 
both healthy and declining oaks representing six 
sites was notably higher than the growth meas-
ured from the subfossil specimen (Fig. 4c).

Regarding the 14C determination, the dating 
resulted in an uncalibrated age of 3340 ± 28 BP 
(Table 1). Based on general 14C calibration curve 
(Klein & al. 1982), this age appears to roughly 
correspond to calendar year dates between 1850 
and 1550 cal BC. Next, the 14C date was calibrat-
ed using IntCal20 curve. This more sophisticated 
analyses resulted in an age range of 1732–1532 
cal BC. However, a narrower age range from 
1689 to 1532 cal BC comes with higher proba-
bility (Fig. 5), indicating that the subfossil trunk 
had preserved at least 3500 years in the sediment. 
Considering the 150-year lifespan (see Fig. 4) of 
the tree and that the 14C dating was based on a 
fragment of wood from the outermost part of the 
cross-section (Fig. 3), these results mean that the 
analysed oak grew somewhere between the 17th 
and 15th BC centuries.
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► Fig. 5. Radiocarbon calibration of the 
date 3340 ± 28 BP using the Oxcal soft-
ware (Bronk Ramsey, 1995, 2009) and 
Northern Hemisphere IntCal20 14C cal-
ibration curve (Reimer et al. 2020). Cal-
ibrated calendar years (cal BC) show an 
age range between 1732 and 1533 cal BC.

► Fig. 6. Subfossil tree records. Deposi-
tional history of Scots pine from lacus-
trine sites in Finnish Lapland (Helama et 
al. 2004; Helama & Oinonen 2019) and 
peatland oaks from southern Scandina-
via (Edvardsson et al. 2024) over the past 
7600 years. The vertical dashed lines in-
dicate the age range of the radiocarbon 
dated subfossil oak from Kemiönsaari 
site. Green and blue samples are dendro-
chronologically dated. Grey samples are 
radiocarbon-dated, the black line depict-
ing the sum of both types of chronologies 
(lower plot).

The dating position was further compared with 
records of subfossil oak and pine tree availabili-
ty from Holocene sedimentary deposits in south-
ern Scandinavia and Finnish Lapland, respective-
ly (Fig. 6). It appears that the oak of this study 
was growing during a period when the number of 
northern pines was reduced, in comparison to the 
levels predating 2000 BC. By contrast, this was 
a period when the number of southern oaks was 
much increased. Combined, these findings could 
indicate relatively cold and humid climatic condi-
tions. Moreover, the oak recovered from Kemiön-
saari site appears to originate from a period when 
the availability of subfossil oak trees was gener-
ally increased, given that site conditions control-
ling the oak regeneration were similar in southern 
Scandinavia and Finland.

The subfossil oaks – how they came to 
preserved in the soil?
The postglacial warming and rapid oak expan-
sion were followed by conditions less favorable 
to oaks and significant stepwise cooling of cli-
mate led to the regression of the oak trees and 
oak stands. As shown here, some of the ancient 
oaks from more beneficial climate periods may 
still be found as subfossils in the former basins of 
sea or lakes. Especially in the peatlands the tree 
trunks may remain in a relatively good shape, as 
our oak specimen from the Kemiönsaari demon-
strates. The mechanisms how the oak trunks were 
preserved thousands of years locally in subsoil 
conditions could now be clarified in more details. 
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The meandering rivers may also soon hide fall-
en trees under the preserving sand or silt cover. In 
the northern Finland, the meanders have been the 
main depositional environment, where fallen pine 
(Pinus sylvestris) trunks have preserved in sub-
soil conditions in the riverbanks (e.g. Koutanie-
mi 1987). In most cases, the soil there has mainly 
been sandy. Also in Latvia oak trunks have been 
found from the deposits of meandered rivers (Vi-
tas & al. 2023). Another type of depositional en-
vironment has been demonstrated for oaks n cen-
tral Europe where the die-off seems to occur more 
gradually. As a function of the bog development, 
the wet Sphagnum moss can surround the base of 
the trees, which in the beginning had grown on 
the mineral soil in the process which is killing the 
trees slowly. In southern Scandinavia, in Scania 
and Denmark, from an area of 300 km × 500 km, 
there are several hundreds of oak trunks excavat-
ed from the peatlands (Edvardsson & al. 2024). 

In the southern Finland, the same can occur 
at least for pine, spruce, aspen (Populus tremula), 
birch (Betula), willow (Salix) and alder (Alnus). 
Regarding the death of the studied oak, we make 
a short note on the coincidence of its dating posi-
tion in relation to the mid-second millennium BC 
event Thera (Santorini) eruption which may have 
been the largest known Holocene volcanic event 
(Johnston & al. 2014). Reductions in solar radia-
tion reaching the Earth’s surface and in summer 
temperatures are typically observed for 1–2 years 
after major volcanic eruptions (Robock 2000) and 
such effects have most likely been sizeable also 
after the Thera eruption. While the deposits re-
sulting from the Thera eruption have been pro-
duced in several individual study, van der Plicht 
& al. (2020) gave an average radiocarbon date of 
the deposits as 3350 ± 10 BP, that correlates re-
markably with the dating of the oak (3340 ± 28 
BP). Considering that the radiocarbon sample 
used to data the oak specimen represents its ter-
minal tree-rings (see Fig. 3), it cannot be ruled 
out that the post-eruption cooling and reductions 
in irradiance may have played a role in ecophysi-
ological processes leading to oak’s final life stage 
and, eventually, death. 

The Kemiönsaari oak trunks may first have 
fallen from the waterfront to the coastal waters 
and becoming covered first by the water and rel-
atively soon by wet mud. The water body may 

first have been a small bay or lagoon of the Bal-
tic, being then cut off from the sea as a small lake 
or pond, slowly transforming into a bog or fen. 
Covered first by water, then mud and at last over-
grown by the moist peat the oak trunks could re-
sist decay in the bog soil, oxygen lacking circum-
stances for a long time. 

The dark colour of our sample (Fig. 3) is typ-
ical of subfossil oaks (Pukienė 2003) to the ex-
tent that such oaks have been occasionally called 
”black oaks” (Kalicki and Krąpiec 1995) and 
even used to manufacture black chess pieces (Par-
vilahti 1958). Even so, the darkness itself may be 
a poor indicator of the age (Pukienė 2003). In-
stead, the tone of the colour may be more direct-
ly related to the interactions between the water 
ferrous compounds and the tannins of the matter 
(van Bürck & al. 2012).

The Holocene sea-level changes and the 
land uplift
The main postglacial causes in the formation of 
Kemiö islands originate from the changing rel-
ative sea-level and the land uplift. The fastest 
changes in the Baltic Sea level have occurred due 
to the openings of the waterways to the Atlantic. 
In the beginning of Yoldia phase the highest bed-
rock hill tops of the Kemiö islands were 40 m un-
der the sea level. Early this phase suddenly ’Bil-
lingeporten’ opened up for a temporary stream 
through in Närke, Middle-Sweden to the Atlan-
tic and the Yoldia sea-level sank quickly by 26–
27 m. Another factor comes from the land uplift 
after the massive, 2–3 kilometers thick glaciers 
had first pressed the Kemiö region about down-
wards by 300 m and then, when the ice sheets re-
treated, the region experienced an uplift rate as 
fast as about 3.5 m in the first postglacial centu-
ries. The uplift stopped the stream in Närke, but 
after few centuries land connection between Sca-
nia and Danmark was pierced by rising sea lev-
el and a new waterway, Stora Bältet, opened up 
9300 years ago. (Tikkanen & Westerholm 1992). 
In streaming salty water caused a new phase, the 
Litorina Sea development, about 8500 years ago.

First, the land uplift revealed bare bedrock hill 
tops above sea-level roughly 8000 BP. At 7000 
BP, in the early Baltic Litorina phase, only some 
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of the slowly largening islands peaked out from 
the sea in the Kemiö area. At approx. 5000 BP, 
tens of smaller islands had already emerged from 
sea. It is anticipated that most likely also the meg-
afossil oak site had emerged above the sea lev-
el by then. At 3000 BP, the main features of the 
Kemiö island had been exposed, only the main 
agricultural areas, most of the cultivated clay 
fields lying still under the sea water. The radio-
carbon dating of the found oak is dated to 3340 
BP, by which date the site was probably forest-
ed, near Norrlångviken, for a long period. Spruce 
was slowly invading the Kemiö islands probably 
about that time based on increasing Picea pollen 

amounts found in many bogs (e.g. Alenius 2008). 
At 1000 BP, the features of the Kemiö islands are 
mainly congruent to the topographic map of to-
day. (Tikkanen & Westerholm 1992). Here should 
be noted that the land uplift maps in Tikkanen & 
Westerholm (1992) presentation are mainly based 
on Glückerts (1976) results. The overall accuracy 
in the sea-level change data is still adequate for 
many purposes, but the recent studies have also 
shown anomalies detected in Finnish sea-level 
data (e.g. Miettinen & al. 2007).

The natural distribution and the regenera-
tion of oaks in Finland was until the early 1970’s 
mainly limited to site most beneficial for the spe-

Fig. 7. The land uplift of Kemiö islands after the ice age presented in 2000-year intervals: 7000 (A), 5000 (B), 3000 (C) and 1000 
(D) BP. At 7000 BP only the highest landcover tops peaked out as scattered islands. At 5000 BP, tens of smaller islands had ex-
posed from the sea and the topographically highest areas of the archipelago were already seen as larger separate islands. At 
3000 BP, the full length of Norrlångvik “fjord” was still under the water, but the watercourse through the island was already 
cut out. The megafossil oak site had emerged above the sea level several hundreds of years ago. At 1000 BP, the main features 
of Kemiö islands were as they are today. The dark grey background refers to the current coastline of the Kemiö islands. Black 
points in the map C refer to the ancient, mainly Bronze age tombs found in the islands. The megafossil oak site marked with x 
in maps C and D. Tikkanen & Westerholm 1992.

3000 B.P.

1000 B.P.

C

D

×

×

7000 B.P.
A

5000 B.P.
B

Credit: Tikkanen & W
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cies in the SW coastal areas, to the oak groves. 
The rapid expansion of the oaks from the natural 
and cultivated stands in the last decades has most 
probably been caused by the climate change. The 
speed of the recent spreading of the oaks has been 
the one of the most astonishing trends of the veg-
etational changes in the nature of the SW-Finland. 
An increasing number pf young oak plants have 
appeared again in the cultivated forests around 
Norrlångviken, but their success can vary due 
to the long shadow of the old spruces. Any old-
grown oaks are not known to have thrived nearby 
the megafossil site at least from the early 1900’s 
(Sjöberg 2019).

Ecology and genetics linked to the 
return of the oaks
The postglacial history related to ecological and 
genetical aspects of the common oaks should 
also be noted here. This review suggests that the 
Kemiönsaari site may actually belong to latest 
areas where oak arrived in SW Finland, around 
5500–4500 years ago. The delay was likely relat-
ed to the land uplift. 

The oaks have suggestively arrived, indepen-
dently, from the eastern and western source re-
gions. When the western migration to the study 
region may have occurred is more uncertain, 
mainly due to the fairly complex postglacial 
transformation of the Åland archipelago with tens 
of thousands of islands rising from the sea. When 
was the archipelago a suitable habitat for example 
for the European jays (Garrulus glandarius), the 
main agent to carry the acorns over the sea from 
the west? It is generally suspected that a jay can-
not deliver the acorns more than approx. 20 km. 
Could a longer seed conveyance by birds be pos-
sible, is another question. Many stepping-stone is-
lands were certainly needed for the oaks to over-
step the sea between Sweden and Finland. Some-
times even hydrochory has been proposed, but the 
well-known fact is that while the bad acorns tend 
to float, the viable ones are more likely to sink. In 
this sense, the later an earlier arrival route via the 
Karelian isthmus from the eastern source regions 
would be a more plausible proposition.

During the ice ages, the oaks escaped from the 
coldness mainly to the three faraway refugial des-

tinations located in the mild enough Mediterra-
nean area. In the longtime isolation represented 
by separate shelters, a special genetical chloro-
plast cytotypes were developed. But probably the 
main cytotypes were present already before the 
last glacial cycle (Ferris & al. 1998). After tens of 
thousands of years, the cytotypes from each main 
refuge can still be detected by analyzing the cur-
rently growing oaks using the methods based on 
the chloroplast DNA. The cpDNA is conserva-
tive, not exposed to recombination, and it is in-
herited via maternal genotype (Ferris & al. 1998). 

When the climate warmed up again and the 
continent was freed from the ice sheets, the oaks 
could produce pollen and acorns on their jour-
ney further to the north. The northward migra-
tion should have mainly been assisted by the jays 
on average distance of at least some kilometers in 
each tree generation. The oaks in the Kemiönsaari 
region belong to the western refugial source from 
south of the Alps. Even today, the astonishingly 
clear border between the eastern and western cy-
totypes may be detected in Tammisaari (Ferris & 
al. 1998), in the southern Finland, which is lo-
cated approx. 40–50 km from the megafossil oak 
site.

Recent genetical studies show how the com-
mon oak and its closest relative, the sessile oak, 
may have conjointly moved to the north (Leroy 
& al. 2017, 2020a, b). They can easily hybrid-
ize with each other, the sessile oak most often as 
pollen donor to common oak. It seems that both 
species may have gained ecological advantage of 
the gene flow during the transition in the form of 
adaptive introgression. In the central Europe, the 
common oak prefers wetter sites than sessile oak. 
Hybridizing with common oak, the sessile oak 
has gained a genome chance to manage and sur-
vive in such unfavorable conditions. A tendency 
to the backcrossing and the maintenance of spe-
cies barriers seems to have kept the oak species 
genome separate, although they commonly share 
for example the chloroplast cytotypes. In the SW 
Finland spruce has in any case a clear competi-
tive advantage in such wetter sites, for which rea-
son the common oaks can be found here in drier 
soils, alongside the pines (e.g. Väre & al. 2021).

In their Finnish habitats, the common oaks 
have shown some infrequent features more typ-
ical to the sessile oaks (Q. petraea) including for 
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example late leaf-unfolding-date, relative short 
pedicel, long leaf stalk and rarely stellate hairs 
underneath the leaves (e.g. Väre & al. 2021). Ap-
prox. 8000-year-old oak leaf macrofossil found 
from the Ancylus clay of Lammaslampi Lake, 
near Helsinki, shows the lateral leaf segment typ-
ical to the sessile oaks (Aalto & Uusinoka 1978). 
The finding implied for the postglacial occur-
rence of sessile oaks or their hybrids in southern 
Finland during the periods climatically more fa-
vourable to this oak species. 

Palaeoecological evidence of the former 
woodland cover in the Salo-Kemiö 
region
The postglacial expansion of the oaks to north-
ern Europe and the former wider distribution of 
the species during the mid Holocene have most-
ly been studied from the pollen deposits i.e. mi-
crofossils. In southern Finland, the oak pollen is 
well represented in many of the core samples re-
trieved from the bogs in conjunction to investi-
gations of the archaeology and settlement histo-
ry of the region.

The palynological studies near the megafos-
sil oak site have been carried out in Stormos-
sen, Mossdalen, Ilsokärret, Labboträsket, Söder-
byträsket and Gärdorna (Fig. 8). These studies in-
dicate a sustained presence of oaks in the Kemiö 
islands (Glückert 1976, Asplund and Vuorela 
1989, Alenius 2008). Overall, similar findings 
are evident in the larger Salo-Kemiö region rep-
resented by pollen studies from Vohtenkellarin-
suo in Paimio and Lemunsuo in Perniö (Vuorela 
1983, 1985). The results from Isokylä and Pukki-
la in the Salo region reinforce the view (Tolonen 
1985a, b). All these peatland locations lie about 
30-40 km from Norrlångviken and happen to sit-
uate nearby (0–5 km) the Turku-Karjaa railway 
(Fig 8). 

Especially Lemunsuo in Perniö pollen sites 
show signs even of such thermophilous species as 
hornbeam (Carpinus betulus) and beech (Fagus 
sylvatica), suggesting that such trees may have 
been formerly present in or nearby the sites (Vuo-
rela 1985). The pollen counts exceed the thresh-
old values for both species demonstrating their 
local occurrence during the warmest Holocene 

intervals. Possibly, it cannot be ruled out that the 
pollen fallout may also have arrived as pulses of 
long-distance transport for example from Poland, 
where the pollen ratio between these two species 
have remained at similar levels. In addition to 
these indications, minor pollen concentrations of 
the hornbeam have been detected also from oth-
er bogs in the region including Isorahka in Perniö, 
Stormossen in Kemiö and Karevansuo in Masku 
(Glückert 1976).

All the discussed sites represent peatlands, 
which hints at the possibility of megafossils to 
be retrieved from the corresponding natural ar-
chives, however, little or no attention seems to 
have been paid for this aspect during the for-
mer fieldworks. As an encouraging anecdote, 
there appears to be several notes of wood frag-
ments found from different depths in nearly of the 
abovementioned pollen studies during the coring 
of the bogs. Without megafossils, or at least mac-
rofossils, the enigma, the former occurrence of 
the oaks and the other thermophilous tree species 
rare to the region today, remains to be indicated 
only by microfossils. New methods make it pos-
sible to provide more specific details on the ag-
ricultural history and the local settlement histo-
ry (Alenius & al. 2017). Whether the future de-
velopment will be able to more accurately disen-
tangle the evidence of long-distance transport re-
mains to be seen.

What is known of the subfossil wood 
findings from Finland?
The macrofossils or megafossils of oaks, or even 
other tree species, have seldomly reported from 
the Finnish bogs, despite the fact that the deposi-
tion of tree trunks to bogs is a well-known natural 
phenomenon in Finland. An ancient ’lieko’ word 
has often been used for these tree remains, and the 
same word is nowadays understood as a water-
logged wood, most often referring to the pine bur-
ied in Sphagnum-moss. Etymology of the word 
’lieko’ comes from even more ancient German 
word ’lēgō’ (’am Boden oder im Wasser liegen-
der, verfaulter Baumstamm’) (SES). Regarding 
conifers, megafossil assemblages of Scots pine 
have been recovered from NW Finnish Lapland 
and SE Finland, indicating peatland pine phases 
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dated to 4900–3400 cal BC and around AD 1000, 
respectively (Helama & al. 2017, 2023).

Regarding the regions neighboring our meg-
afossil oaks site, Aartolahti (1965) has systemat-
ically presented also all the wood fragments de-
tected from the different bog layers, from the lim-
nic basins to the uppermost layers, from the SW 
Häme province. Of the listed 115 bogs of the sur-
vey, the nearest and largest, Torronsuo, lies in So-
mero, about 85 km from the megafossil site in 
Kemiönsaari. Indeed, according to the discussed 
evidence, the SW Häme province belongs to ar-
eas where oak could have formerly grown dur-
ing the climatically favourable Holocene periods.

Further details of Aartolahti’s (1965) inves-
tigations were collated into one table represent-
ing the 11 ombrogenous bogs and peatlands lay-
ers of the altogether 115 studied sites. Most of his 
observations of wood fragments were made from 

the early Carex-turf layers. More infrequent ob-
servations were also made on wood fragments 
from the Sphagnum -turf and Sphagnum -moss 
layers. In Rahamaansuo and Viksberginsuo bogs 
in Tammela, wood was found only in the upper-
most layers (Aartolahti 1965). In any case, the 
ligneous material he detected may mostly have 
been pine, spruce and birch wood.

In the coastal areas of north Satakunta prov-
ince land uplift is still occurring at approx. double 
as fast than in SW Finland, with a rate of 6 mm/
year. In Kemiönsaari, the rate of uplift has recent-
ly been around 3 mm/year and in the bottom end 
of Gulf of Bothnia even 9 mm/year (Ekman & 
Mäkinen 1996). The succession from the sea bays 
to isolated lakes and further to bogs is overall in 
much more acute phase in the northern Satakun-
ta region than in the inland plateau typical to the 
SW Häme (Aartolahti 1965). 

Fig 8. Archaeology and settlement history has been investigated by pollen studies in several bogs in the Salo-Kemiö re-
gion. The sites mentioned in the text include: 1. Stormossen, Kemiö, 2. Mossdalen, Kemiö, 3. Ilsokärret, Kemiö, 4. Vohten-
kellarinsuo, Paimio, 5. Isokylä, Salo, 6. Pukkila, Salo, 7. Lemunsuo, Perniö, 8. Kuivaston Isosuo, Tenhola, 9. Labboträsket, 
Västanfjärd, 10. Söderbyträsket, Dragsfjärd, 11. Gärdorna, Kemiö. All these sites show signs of oaks in the region. Some 
currently most prominent oak groves in the coastal areas of SW Finland are also shown as follows: a. Ekhamn, Kemiö, b. 
Lappdahl, Kemiö, c. Lenholm, Parainen, d. Vaisakko, Salo, e. Framnäs, Tenhola. The sites with oak macrofossils studied 
by Gunnar Andersson (1898) in the Lohja region are shows as follows: f. Anta, Lohja, g. Bråberg, Lohja, h. Stormossen, 
Inkoo, i. Stubbängen Siuntio, j. Humppila, Lohja. Our megafossil site is shown with a cross (x) in the main island of Kemiö 
(Kimito in Swedish). 
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Rare oak macrofossils seldom found in 
Finland
A Swedish botanist, dr. C. F. Gunnar Andersson 
made a short-term macrofossil study in southern 
Finland in the late 1800’s. Originally, he had be-
gun plant macrofossils studies already in Scania, 
Sweden. In Finland, his fieldwork and laboratory 
analysis took 7 weeks in the summer of 1894 and 
was assisted with the Finnish enthusiasts. In his 
publication, Andersson (1898) could demonstrate 
how the clay and limnic sediments of Ancylus- 
and Litorina-periods he has investigated in the 
southern coastal lake and bog basins in southern 
Finland contained various macroscopic plant rel-
ics of different plant species, including the oaks.

All the observations Andersson (1898) made 
on oak relicts originate from the south of Lake 
Lohja, which is one of the most eutrophic regions 
in Finland. The oak macrofossils were found 
from Anta and Råberg bogs, nearby Svartå village 
in Karjaa, Stormossen nearby Lilltötar village in 
Lohja and also Stubbängen, nearby Kalkulla farm 
in Inkoo (Fig 8). It seems that all of the sites rep-
resented by oak relicts had been already then at 
least partly cleared and under cultivation as fields. 
In his day, only a minor part of these sites was still 
bogs or even under the water. For more detailed 
information, one should go back to old farmhouse 
scale maps from the beginning of the 1900’s, to 
ensure the exact condition of the sites.

In the forests nearby the sites were in any case 
mostly dominated by spruce, pine and birch, but 
no remarks of living oak or linden trees was made. 
It seems that no oak megafossils were found (An-
dersson 1898). All the sites with oak relicts oc-
curred in conjunction with agricultural fields at 
least partly, like in the Kemiönsaari.

As for the other macrofossil oak finds, the 
abovementioned study by Aalto & Uusinoka 
(1978), demonstrating the approx. 8000-year-old 
oak leaves, should be borne in mind. 

Hidden subfossils may appear from 
under the ground in excavation sites
Construction of the railways was underway in 
Finland approx. 160–170 years ago. We note that 
this phase could represent one candidate activi-

ty for finding subfossil wood material or oth-
er relics in larger national scale. In fact, our in-
vestigation of newspaper article of that period 
shows that there appears to be short reports from 
the construction work sites published in the old 
press. However, these news seem to usually cov-
er findings of rare human artefacts retrieved from 
the railway embankment soil, for example wood-
en carvings (Anonymous 1897b) or stone ax and 
chisel (Anonymous 1897a). It seems that the ar-
chaeological items had more value in those ear-
ly press days. 

Due to the circumstances the rails had to be 
constructed also through the wetlands and sever-
al rivers had to be surpassed while the work for 
the railways was under progress. The Turku-Kar-
jaa railway was built between the years 1897 and 
1902, and crossed also several peatlands, includ-
ing Lemunsuo in Perniö. This is a bog site with 
wood remnants, albeit the findings have not been 
reported in details (Vuorela 1985). During the 
railway construction work from Salo to Perniö, 
there occurred an accident in 1900, when the rail-
way embankment was swallowed under the wet 
surface of the construction site (Anonymous 
1900). The accident took place nearby the exist-
ing remnants of the former larger oak forest stand 
opposite side of Lake Pohjanjärvi wetland. We 
note that the area is certainly one of the strongest 
candidates for locating new findings of oak meg-
afossils nearby the study region. 

Apart from railway construction, many hun-
dreds of thousand kilometers of ditches have been 
produced for the forested bogs in Finland, to en-
sure the tree production even in the mires and 
wetlands. Moreover, peatlands have been taken to 
the peat production – tens thousands of hectares 
during the last decades – about 0,5% of total bog 
area in Finland – but only very few scientific ar-
ticles have touched the ligneous material, i.e. the 
’lieko’ wood, found from the different soil layers. 
Even so, it is certain that quite a high number of 
ancient wood material, including pines and oaks, 
has been chipped and burned as part of the ener-
gy production, without becoming included in any 
scientific research.

Norway spruce, the competitor of oaks, ar-
rived to the eastern Finland approx. 6500 years 
ago (Seppä & al. 2009). Due to the land uplift his-
tory (see above), the Kemiö islands were proba-
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bly invaded by this species not earlier but approx. 
3100–3400 years (e.g. Asplund & Vuorela 1989, 
Glückert 1976), the dating that could possibly be 
elaborated by the developed research methods 
(e.g. Alenius & al. 2017). 

We can only imagine how the forests looked 
when the specimen represented today by the meg-
afossil retrieved from the Norrlångviken was 
a young tree. So far, most of the knowledge of 
tree and forest history stems from the palynologi-
cal research as part of the archaeological and set-
tlement history studies. Yet, it would be impor-
tant to focus on understanding how the oak trees 
may have managed to survive in the changing cli-
mates of the past. The oak trunks hidden still in 
the bogs may give us great retrospective perspec-
tives to what might be happening to our remain-
ing oak trees and stands today and even in the 
foreseeable future under the scenarios of chang-
ing climate. Considering the rarity of oak mega-
fossil and even macrofossil findings, the scientific 
values of every single new specimen from Finn-
ish sites can hardly be underestimated. Such find-
ings will detail the postglacial and Holocene his-
tory of the species that is otherwise told by pol-
len counts, to account for the past distribution and 
survival history of this important European tree 
species – the common oak.
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