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INTRODUCTION 

For the most part, the interglacial and inter
stadial deposits in northern Finland have 
been found in connection with systematic 
geochemical and ore-prospecting field work. 
The corresponding observations made in the 
Pohjanmaa (Finnish Bothnian) region have 
been of a more random nature. The history of 
the Vimpeli find was multistaged: even be
fore the find proper was made, workers at the 
Ryytimaa quarry had noted the existence of 
a dark layer underneath the bed oflodgement 
till. In February 1980, a worker named Taito 
Mustapuro found pine cones in this layer. 
Foreman Topi Kovanen notified the Geolog
ical Survey through geologist Fredrik Pip
ping of this discovery. 

Several 0 bservations have been made in 
adjacent areas of submorainic deposits inter
preted to be interglacial or inter stadial. The 
oldest of these finds is the one made at Hitu
ra, in the rural municipality of Nivala (Igna-

tius & Leskelä 1970). Niemelä and Tynni (1979) 
have described several finds from Etelä-Poh
janmaa (South Bothnia), the closest being 
located at Alajärvi. An interglacial find was 
recently described from Evijärvi, 45 km to the 
northwest from Ryytimaa (Eriksson, Grön
lund & Kujansuu 1980). 

The purpose of the present study was to 
gain an idea, by the application of both abso
lute and relative dating methods, ofthe age of 
the organogenic deposit (cf., Donner, Jung
ner & Kurten 1979). the amount of glacial 
erosion in the region and the relation of the 
site of the find to the basin of the Baltic Sea 
during the time of deposition. 

Of the authors , M. Aalto is responsible for 
the macrofossil investigations, J. Donner for 
the pollen investigations, J . Niemelä for the 
lithostratigraphy and the geological back
ground of the area, and R. Tynni for the dia
tom investigations. 
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DESCRIPTION OF THE SITE OF THE FIND 

GENERAL 

The site of the find, the limestone quarry of 
Ryytimaa, is located in the rural municipality 
of Vimpeli, Etelä-Pohjanmaa, some 10 km to 
the east from Lappajärvi (Fig. 1). The vicinity 
of Ryytimaa is characterized by nearly flat 
10dgement till and peat lands (Fig. 2). On the 
northwest side ofthe area is the drumlin field 
of Lappajärvi-Evijärvi. 

The site lies in the midd1e of the ice lobe 
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that anciently produced the marginal forma
tion of Näsijärvi-Jyväskylä. Glacial striae of 
two different ages are known from the area 
(Mölder & Salmi 1954, 1. Kurkinen, oral com
munication). The trend of the older striae is 
rather wester1y, 295°- 320°, and that of the 
younger, 300°-355°. The average trend ofthe 
young striae is 320°. No older striae have been 
found in the 10cality. 
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Fig. 1. Location of Ryytimaa. 1. Young direction of flow of the continental ice sheet. 2. Old direction of 

flow of the ice sheet. 3. Drumlins. 
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Fig. 2. Superficial deposits ofRyytimaa area: 1. Rock outcrop. 2. Lodgement till. 3. Fluvial deposit. 4. Peat. 
5. Quarry. 6. Site of find. 

LITHOSTRATIG RAPHY 

The observation site lies in adepression 

formed by a fracture in the dolomite bedrock 

(Figs. 3- 6). The upper part of the series of 

layers had disappeared by the time the ob

servations were made, but it could be recon

structed quite accurately on the basis of the 
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Fig. 3. General view from the quarry. The site of the find is the dark 
spot nearly in the center of the picture. 

Fig. 4. Preparation and study ofthe organogenic deposit, which shows 
up dark, in progress. 

drillings done by the Partek company. The 
sequence of strata was as follows: 
- broken dolomite rock 
- 0.5- 1.0 m of material interpreted to be gla-

ciofluvial sandy gravel. The gravel grains 
and stones were highly rounded. 

- 0.1 - 1.0 m late-glacial silt (Fig. 6). 

- 1.0- 1.5 m of drift peat, containing some 
cones and remnants of wood. Cones were 
met with in especial abundance at the north 
end of the section represented in Fig. 6, 
mixed to some extent with dolomite frag
ments from the bottom portion of the gla
cial till. Other well-preserved macrofossils 
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ofplants were also met with in the peat (see 
section on biostratigraphy). The gravel con
tained neither macro or microfossils. Se
ries 1 and 2 of the microfossils taken from 
the peat have been marked in Fig. 6. In ad-

'!:l dition, the pollen were also studied from 
Q sampIe series A and B , collected from the 

proximity of series 2. The peat layer is in it 
entirety almost in situ. To be sure, a por
tion has evicently been cut off its upper 
part and stones from the till have pene
trated it. 
Four C14 datings have been made from the 
organogenic deposit: 

Hel-1404 
Hel-1405 
Hel-1406 

Su-925 

wood > 43 000 years 
peat > 43 000 » 

humus fraction 
of sampie 1405 > 40300 » 

wood > 50 300 » 

- about five meters of lodgement till, in the 
bottom portion of which there occurred a 
concentration of dolomite fragments . In 
HCl treatment, the fine fractions of the till 
also proved to contain limestone. On the 
northwestern and northern sides of the site 
of the find, that is, on the side of the ad
vance ofthe ice sheet, the tililay directly on 
top of the dolomite rock. From this till, a 
few meters from the site of the find, about 
0.3 m from the bottom, a sam pIe was taken 
the micro- and macrofossils of which were 
studied. The same lodgement till was to be 
seen everywhere on the walls ofthe quarry, 
making it easy to make observations. It 
could be concluded on the basis of these 
observation that, just as at the site of the 
find, nowhere does there occur more than 
one layer of glacial till, which was de
posited by the last advance of the conti
nental ice sheet. The till thus dates back to 
the glaciation following the Peräpohjola 

interstadial of the Weichsel Ice Age. 
- 1 m of varved late-glacial silt 

1 m of littoral sand. 
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Fig. 6. Location of the organogenic deposit at R yytimaa and the sampling sites. 1. Glaciofluvial gravel. 
2. Silt. 3. Pine cones and wood. 4. Lodgement till. 5. Silt. 6. Littoral deposit. 

BIOSTRATIGRAPHY 

Macrofossil flora 

Sampies 

The macrofossils were studied from the 
series of sam pIes listed in the following as 
wen as from separate sam pIes. 
SampIe series 1 and 2 (Fig. 6) 

Separate sam pIe 3, of drift peat, from a spot 
containing an abundance of macrofossils 
elose to Profile 2 (Fig. 6) 



Separate sam pIe 4, from silt underlying the 
former 

Separate sam pIe 5, from between Profiles 1 
and 2 
Separate sam pIe 6, from the lodgement till 
on the immediate north side of the organo 
genic deposit (Fig. 5) 
Separate sampie 7, from the bottom of the 
series of gravel strata interpreted to be glacio
fluvial. 

Methods 

The macrofossils were extracted from the 
soil sampies using the customary nitric acid 
- (HN03 ) washing method (e.g., Backman 
1965). The sampies were taken from profiles 
1 and 2 at lO-cm intervals and the size of the 
rinsed sampies was 2 dl. The separate sam
pIes treated were about 5 dl in size. Ten wood 
sampies were studied anatomically, some 
from Profile 1 and the rest from Sampie 3, to 
determine the species of tree. 

Of the research targets, Profile 2 proved to 
be the most interesting from the stand point 
of both the quantity of finds and the succes
sion of species. The profile was composed, 
starting from the bottom, of silt (90 cm) and 
drift peat (80 cm). In Profile 1, which is 
shorter (110 cm), and in which the silt layer is 
thinner, only 20 cm, the species are by and 
large the same, and the succession of species 
is of the same kind in both the silt and the 
drift peat. The profile has for this reason not 
been tabulated. Also the transition between 
silt and drift peat was more gradual than in 
Profile 2, where it was more abrupt. 

The plant fmds have been grouped (Table 1), 

after Raunkiaer's (1907) classical life-form 
system, into trees, shrubs, dwarf shrubs and 
grassy plants, which in the present work, con-
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their optimal occurrence by different bio
topes. The plant nomenclature follows that of 
Härnet-Ahti et aL (1980). 

ResuIts 

Comments of plant list 

Of the plant macrofossil finds, it was pos
sible to identify, down to the species, 43 taxa, 
and to determine the genus of six seed types 
(Table 1). The determination of species could 
not be done on, for example, the part of the 
achens of all the birches and sedges, either 
because of their poor state of preservation or 
lack of utricle. Still unidentified are certain 
small, featureless seeds found in silt as well 
as the rather large (3 x 2.5 mm), triangular 
seed shown in Pl. 4:q (from the 20- 30 cm 
sam pIe, Profile 2). In Profile 1, which has not 
been tabulated, there occur in the drift peat 
the species Rubus idaeus, Cardamine pra
tense and Rorippa islandica, and in the silt, 
for example, Loiseleuria procumbens (80-90 
cm) , which were not met with in other sam
pIes. All the rest of the plant species listed in 
Table 1 belong, on the basis of Backman's 
(1909) and the author's own observations, to 
the present flora of Vimpeli and neighboring 
parishes, with the exception of the following 
indicator species: 

Indicator species 

From the list of plants (Table 1), it is pos
sible to pick certain species reflecting a cold, 
even arctic climate, and, on the other hand , 
certain species requiring conditions warmer 
than the present climate of the Vimpeli area. 
Species indicative of arctic conditions and 
characteristic of fjeld heaths are Phyllodoce 
coerulea, Loiseleuria procumbens, Arcto
staphylos alpina and, typical of calcareous 

sidering the abundance of dwarf shrub and soil, Dryas octopetala. Summer conditions 
brushvegetation, is natural. Grassy plants warmer than the present are represented by 
have further been classified on the basis of species like Thalictrum lucidum, Lycopus 
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~ Common 

Phyllodoce 
coerulea 

(L)BAB . 

Dryas 

octopetala 

L. 

~ Less - fairly common 

~ •• :"' Isolated fi nds 

Loiseleuria 
procumbens 

( L.)DESV. 

Arctostaphylos 

alpina 

(L)SPRENG 

0";#''1 Subfossil finds 

Fig. 7. Present and subfossil areas of occurrence of certain plants met with as macrofossils at Ryytimaa, 
Vimpeli parish. 

PhyUodoce coerulea, A, distribution (according Rulten 1971), B, subfossilleaf from Ryytimaa site, marked 
with an arrow. 

Loiseleurea procumbens, distribution (according Rulten 1971). Ryytimaa site marked with an arrow. 
Dryas octopetala, A distribution in Fennoscandia (according Rulten 1971), B, subfossilleaf from Ryyti

maa site, marked with an arrow. 
Arctostaphylos alpina, A, distribution map (according Rulten 1971), B , subfossil endocarp from the Ryyti

maa site, marked with an arrow. 
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europaeus, Carex riparia and Myrica gaLe. 
All these species are missing nowadays from 
the flora of the Vimpeli area. 

PhyLLodoce coeruLea (Fig. 7, PI. 2: b - c) 
grows at the present day on barren and acid 
ground in the fjeld heaths of Finnish Lap
land , as one type species, along with Loise
Leuria, ArctostaphyLos aLpina and Empetrum. 
It is common throughout the whole of Scan
dinavia in the lower Alpine zone of the fjeld 
region. In its general distribution, it has a 
distinctly marine character. In Europe, it has 
been met with in Scotland , the Pyrenees 
and the Italian Alps - but not in the Central 
European Alps. Further, it occurs in Green
land , Iceland and North America. Hulten 
(1958) regards it as amphiatlantic, for in its 
circumpolar distribution there are gaps east
ward from the Urals. In the bottom sam pIe 
taken from the silt of Profile 2 (160-170 cm), 
there appeared two well-preserved leaves 
(Plate 2: b, c fossil: Plate 2: a, re cent leaf, 
shown for purposes of comparison). This 
ericoid leaf (cf., Hagerup 1953) is easily 
recognizable by, for instance, the fineness of 
its toothed edges (Plate 2: c ). 

LoiseLeuria procumbens (Fig. 7, Profile 1, 
sampIe 90-100 cm) is a small species of 
evergreen shrub adhering to the ground, 
regularly met with on the wind ward side of 
hills and fells toward the summit in the 
Lapland region of Scandinavia as a whole. 
As for its general distribution, it is circum
polar with gaps (extending from the Urals to 
Lake BaikaI). Hulten (1958) classifies it as 
amphiatlantic for the foregoing reason. In 
Europe, its distribution is arctic-alpine. It is 
a common occurrence over broad tracts in 
the regions comprising its habitat. Godwin 
(1975) reports it having been met with in Late 
Weichselian and Allerod deposits in the 
British Isles. In Profile 1, there were four 
leaves, of which two were complete and weIl 
preserved . The leaf is typically ericoid in 
structure, broader and slightly larger than 

the Empetrum leaf. The midvein and base of 
the leaf are strongly developed , the midrib 
being distinctly elevated on the lower sur
face of the leaf. The margins of the leaf are 
quite distinctly coiled inward on the lower 
surface. 

ArctostaphyLos aLpina (Fig. 7, Plate 2: d) is 
perhaps one of the commonest plants of dry 

heathy fjelds , along with Empetrum and 
LoiseLeuria. Unlike the latter two, it is a 
summer-green species of dwarf shrub; in the 
sampIes, it was recorded by its hard endo
carps of drupe (Table 1; Profile 2, 160- 170 
cm; in sampIe 5, 170- 163 cm). The species 
is at present common in the lower parts of 
bare fjelds , like LoiseLeuria. The overall dis
tribution is of broad extent, and the species 
is variable in the different parts of its range. 
In Europe it is arctic-alpine and, in addition, 

according to Hulten (l971b), arctic-circum
polar in its general distribution. At the end 
of the glacial epoch, it grew in the marginal 
parts of the continental ice sheet: fossils 
have been met with in, among other places, 
Denmark, Gotland and the Karelian Isthmus. 
Tralau (1963) reports that it has also been 
found in interglacial deposits in, for instance, 
Denmark. It is pointed out that birds spread 
the species b y eating berries, with the result 
that the hard endocarps, with their seeds, 

are spread effectively. This is the explana
tion for odd , separate occurrences , such as 
on Hanko peninsula in Finland (Pettersson 
1938). 

Dryas octopetaLa (Fig. 7, Plate 2: j) is re
corded in the bottommost sampIes taken 
from the silt deposit, by an abundance of 

rather thick pieces of leaves characterized 
bya network of veins. At least some ofthese 
are remains of Dryas leaves ; one very small 
leaf with the typical toothed edge was found 
(Fig. 7; Profile 2, in sampIe 1). Hulten (1959) 
has noted quite a wide range of variation in 
Dryas leaves with respect to both size and 
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shape, even within the limits of a single 
sam pIe. 

Dryas has long been known to be a species 
native to a cold, arctic climate. Lindberg 
(900) found Dryas leaves in deposits dating 
from the late glacial time on the Karelian 
Isthmus and characterized the vegetation as 
»Dryas flora. » In several studies , made in the 

Baltic countries , the Skäne region of Sweden 
and Central Europe, Nathorst (e.g ., 1870, 1891, 
1892, 1910) likewise observed Dryas to be one 
of the most important indicator species of 
the marginal areas of the ice sheet during 
the glacial epoch and its late stages . Tralau 
(963), among others, has compiled the data 
of various researchers relating to Dryas finds 
dating back to the last glaciation and preced
ing lee Ages. 

As for its present-day distribution, this 
evergreen species of dwarf shrub is arctic
circumpolar (Hulten 1971 b) and in Europe 
arctic-alpine, too. Its distribution in this 
region has gaps, however , owing in part at 
least to its concentration in areas of calca
reous soil. In the limestone fjelds of Lapland 
and the limestone Alps of Central Europe, for 
example, it forms in places broads pure stands 
of the vegetation, so-called Dryas »mea
dows. » The limestone rocks of Vimpeli have 
suited its ecological requirements weH dur
ing cold periods . It no longer grows there 
at present, the nearest growth sites in the 
forest belt being rocky slopes of ravines in 
the Kuusarno region (Fig. 7). 

Thalictrum lucidum (Fig. 8, Plate 3 : c - e) 

Thalictrum 1. is a tall grass 000- 150 cm), 
which does not grow in Finnish territory or 
anywhere else in Scandinavia at the present 
day. In distribution, it is distinctly eastern 
and continental (cf., Hulten 1971). However, 
it is also a European plant, which scarcely 
occurs outside the boundaries ofEurope. The 
occurrences closest to Finland start in Esto
nia, and their range extends via the southern 

side of Lake Ladoga to the southern shores 
of Lake Onega, achieving their northernmost 
limits in the east slightly north of the 60th 
parallel of latitude. In continental Europe, 
the species is not met with west of the line 

drawn from northern Italy to northern Ger
many, whereas east of the line it is fairly 
common. The southern and southeastern 
boundary runs from the western coast of the 
Black Sea to the vicinity of Moscow (Meusel 
et aL 1965). 

Growing sites favored by Thalictrum luci

dum are low-Iying river valleys , boggy shores 
and fens . Species associated with it are 
relatively exacting with respect to their grow
ing base (Hegi 1912). In the lush, meadow
like environment of Ryytimaa, associated 
vegetation has included Lycopus europaeus, 

Mentha arvensis laquatica, Filipendula ul

maria, Menyanthes and the great sedges 
Carex ripari a and C. rostrata . 

One of the finds was made in the silt of 
Prof. 2 and three achenes in the drift peat 
of the third separate sampIe. Its occurrence 
in sam pIes collected at Ryytimaa indicates 
the existence in the Vimpe1i region of con
siderably warmer and more continental con
ditions than the present climate. Of the fore
going temperature indicator species, it is the 
southernmost in its distribution. 

Carex riparia (Fig. 8, Plate 4: a - c , e) 

This large 000-150 cm) species of sedge 
grows as a rarity at present in southern 
Finland (Fig. 8). Judging by the specimens 
preserved in the Botanical Museum of the 
University of Helsinki, it is apparently 
sterile in many places in its present habitat 
(cf. , Perttula 1958, 741). The large, rather 
thinwalled and mostly empty utricle of the 
florescence indicate a hybridized origin (Toi
vonen, personal communication 1981). In 
European floras , numerous hybrids are list
ed , including C. riparia x rostrata, C. ri

paria x vesicaria (e.g. , Hylander 1966, Jermy 



Geological Survey of Finland, Bulletin 324 15 

~ Common .:,.~ Isolated finds 

~ Less - fairly common O .. U'';' Subfossil fi nds 

Fig. 8. See caption for Fig. 7. 
Lycopus europaeus, A , distribution in Fennoscandia, (dots and lining), circles are subfossil finds (ac 

cording Hulten 1971), B , subfossil nutlet from Ryytimaa site, marked with an arrow. 
Thalictrum lucidum, A, distribution map (according Meusel et al. 1965), B , subfossil achene from Ryyti

maa site, marked with an arrow. 
Carex riparia , A, distribution in Fennoscandia (according Hulten 1971), B , subfossil fruit from Ryytimaa 

site, marked with an arrow. 
Myrica gale , A, distribution in Fennoscandia (according Hulten 1971), B , suffossil drupe from Ryytimaa 

s ite, marked with an arrow. 
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et aL 1968). In fertile mid-European sampies 
(e.g., Rumania, Torus, 14 VI 1970 Mititelu et al. 

(exicc. 131) H 1 057062; France 16 VII 1873 
Hennecault H 1228561 ; England , St. Brides, 
13 VI 1966 Harrison et Seddon H 1228553) 
utric1e is sm aller, often darker of color and 
noticeably thicker-walled (cf. , Berggren 1969, 
46) than in Finnish specimens in general. The 
subfossil finds made at Ryytimaa resemble 
most c10sely a Central European type of fruit 
(Plate 4: a - c, e). 

The general distribution of Carex riparia 
(Meusel et al. 1965) is in Europe and southern 
Siberia mainly between the 60th and 40th 
paralieis of latitude, extending in the east 
to roughly the 90th parallel of longitude in 
the region of the upper tributaries of the 
Yenisei river. Outside this main area of distri
bution are occurrences in Asia Minor and the 
southern shores of the Mediterranean Sea. 
Its preferred growing sites are the lush shore 
zones of watercourses and waterside mea
dows. In such places , it often forms extensive 
large, pure stands or mixed plant associa
tion together with other species of sedges. 
The abundant achene finds yielded by the 
Ryytimaa sampies, especially in the upper 
part of the drift peat, indicate its having evi
dently occurred in large stands located quite 
c10se to the shoreline in association with 
Carex rostrata. It indicates here a warmer 
climate than the present and a rich habitat. 

Lycopus europaeus (Fig. 8, Plate 3: b) 

Lycopus has proved in Finland and else
where in the northern limits of its range to 
be a sensitive indicator of climatic condi
tions. According to the observations reported 
by Erkamo (1956 p . 142- 147), the reason is , 
inter aLia, the late flowering of the species 
in July - the seeds require mild late summer 
weather to ripen. In the northern limits of its 
range, autumnal frosts often come too early 
for seed-bearing propagation to take pI ace. 
On the other hand , it has been observed that 

during growing seasons following an excep
tionally favorable autumn spread of the spe
cies in the form of seedlings has taken place 
on the far northern side of its range. Also 
vegetative propagation by runners is an ef
fective characteristic of this species. 

Backman (1960 p. 10) has studied and 
mapped the northern occurrences of Lycopus 
during the temperature maximum following 
the last Ice Age and observed its having 
grown as far north as Yli-Tornio and Kuu
samo during the Atlantic stage (cf., Fig. 8, 
Hulten 1971). It was quite common also in 
the Bothnian region. In Central Pohjanmaa, 
according to Backman's investigations, the 
species disappeared c . 1500 y B.P. (Erkamo 
1980 p. 467). The present range ofLycopus ex
tends in Finland to roughly the Tampere
Imatra line, although along the Bothnian 
co ast scattered finds have been made even 
farther north. In southern Finland , it occurs 
fairly commonly on favorable growing sites 
on sedgy shores of watercourses, in some 
cases even in the water. The general distribu
tion of the species in Europe and southern 
Siberia is very much like that of the afore
mentioned Carex riparia: from the British 
Isles to the vicinity of the upper tributaries 
of the Yenisei river in the east; commonly 
met with in the northern parts of the Medi
terranean region, and in some places on the 
southern side; in northern areas of Asia 
Minor. The most abundant finds at Ryyti
maa are concentrated in the upper parts of 
drift peat (Prof. 2: 20- 10 cm, Sampie 3). 
Here it indicates a warmer climate and longer 
growing season than at the present day. 

Myrica gaLe (Fig. 8, Plate 2: k, 1) 

Bog myrtle does not at present belong to 
the local vegetation, and for this reason it 
has been inc1udes in the group of indicator 
species. The indicator value of this small 
shrub is, however, somewhat problematical. 

In Finland, there are, that is to say, gaps 
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difficult to explain in its distribution (Fig. 8) : 
on the one hand, concentrations of the plant 
on the shores of lakes and streams of the 
Saimaa and South Häme regions of the 
Finnish lake district and, on the other, lack of 
occurrences in the low-Iying coastal areas; 
occurrences again along the coast around the 
Gulf of Finland and the Gulf of Bothnia; in 
the Pohjanmaa watershed, there is even an 
isolated find in the interior, to the north 
from Vimpeli. The distribution has been ex

plained as , inter a~ia, a spreading that took 
place at different times (Tuominen 1948): to
ward the Finnish interior from the east im
mediately during the Late Glacial and the 
pre-Boreal stage, and a spread parallel to 
the co ast after the warm period from the 
west. This would seem natural in view of the 
similar distribution of other plants, but, as 
Vasari (1965 p . 167) observes, Myrica is wholly 
missing at present from eastern Europe. Its 
general range is, according to Meusel (1965), 
oceanic and circumpolar, with gaps ; accord
ing to Hulten (1958), amphiatlantic ; and, for 
example, Walter (1970 p. 307) classifies it as 
belonging to Atlantic geoelements proper. 

Within different parts of its broad range, 
Myrica har broken up ecologically and mor
phologically into different races , and presum
ably this accounts for the conflicting reports 
on its reaction to , e.g. , oceanity, which is not 
to be perceived clearly in the case of, inter 
a~ia, the North Arnerican race. Furthermore, 
according to Godwin (1975), the species ar
rived in England at a late date, first sub se
quent to the climatic optimum. 

Growing sites typical of this shrub are the 
margins of lakes and ponds, as well as bogs , 
where it often bears witness to the shore of 
a in-filled ancient lake, itself surviving perti
naciously on its growing site. EcologicaIly, it 
is perhaps mesotrophic and favors dys
trophie-type lake shores. 

In the Ryytimaa sampIes, Myrica is a com
mon and abundant fossil. It occurs fairly 

2 

early in the silt, but not until the upper parts 
of the drift peat is it at its most abundant, 
and it is missing from the intermediate 
sampIes (Profile 2, Table 1). It indicates per
haps the existence at one time of dystrophie
type bodies of water and a warmer climate. 

Profile 1 (Fig. 6) 

This sampling site is located roughly 5.5 
meters from Profile 2 toward the south, and it 
was evidently situated farther from the an
cient lake shore than the latter. The sedi
mentation took place perhaps in deeper 
water. Thus the proportion of silt is smaller 
(10- 20 cm), although the thickness of the 
drift peat is approximately the same (90 cm). 
The succession of species is the same in the 
silt and the drift peat, and the profile has not 
for that reason been tabulated . Some new 
species of plants were found in this profile. 
The bottom silt sampIe contained Loise~euria 
procumbens leaves, indicating a cold stage; 
Cardamine pratense and Rorippa is~ndica 
increase the length of the list of littoral 
plant species; Rubus idaeus probably traces 
its origin to nearby rock outcrops. Compared 
with Profile 2, Profile 1 is sparser in content: 
there is less wood and hardly any cones. 
Birch seeds, on the other hand , were conspi
cuously more abundant in Profile 1. 

Profile 2 (Table 1) 

The profile consists of two distinctly dif
ferent types of material: measured from the 
bottom, there is ab out one meter of silt 
070- 80 cm), which contains very little or
ganic matter. The plant remains are weIl 
preserved , however ; and, for example, such 
delicate plant tissues as petals, leaves and 
other parts that are easily destroyed have 
been preserved intact in places in the silt 
(Plate 2 b - c , j). 
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The sediment changes abruptly into drift 
peat (80 - 0 cm) , which contains in some 
places more, in other places less sand and 
even smaH stones . The peat contains an 
abundance of ligneous remains, bark, cones 
and needles (Plate 1, a , b ; Plate 2, n - p). 
Plant seeds, especially achenes of great 
sedges and seeds of aquatic plants , are pre
sent in large numbers , notably in the upper 
end of the profile. The delicate cellular 
tissues of plants are , however, totally absent. 
The composition of the species present in it 
strengthens the impression that the sediment 
was deposited in shallow water and elose to 
the shore. 

Set of indicator species 

Some species ineluded in the plant list 
(Table 1) indicate a cold , even an arctic 
elimate, while, on the other hand , there are 
species present that demand a elimate 
warmer than that now prevailing in Vimpeli. 
Species typical of the fjeld heath and indi
cative of arctic conditions are PhyUodoce 

coerulea (Plate 2, b - c) and Arctostaphylos 

alpina (Plate 2, d) , both of which belong to 
the perhaps most common present-day type 
of flora of the fjeld heaths in Lapland. This 
picture is nicely completed by the abundant 
seed finds of crowberry (Empetrum) and 
Dryas octopetala , the simultaneous occur
rence of which is characteristic of calcareous 
soil. 

Summer conditions warmer than those 
existing at present in the Vimpeli area are 
indicated by species such as Thalictrum 

lucidum (Plate 3, c - e), Carex ripa1'ia (Plate 
4, a - c , 3) , Lycopus europaeus (Plate 3, b) 
and Myrica gale (Plate 2, k , 1). Of these, 
Thalictrum l. is elearly the southernmost 
species and also an eastern species indicating 
a continental climate. Hs present-day distri
bution does not inelude Finland, but begins 
in Estonia (Fig. 8) and extends southeast 
into Russia. A special feature of the profile 

is that the warmth-requiring species appear 
for the first time in the silt (Carex riparia, 

Myrica gale, Thalictrum lucidum) in sam
pIes 2, 3, ;md 5 and again in the upper end 
of the profile, where also Lycopus and Picea 

enter the picture. Also in sam pIe 3 (Table 1), 
all these warm-climate indicators occur in the 
drift peat. The phenomenon could perhaps be 
interpreted as an indication of aperiod 
during which the summers were consider
ably warmer than at present and had an 
accelerating effect on the melting of the 
glacier ; similar conditions did not occur until 
later, during the time corresponding to the 
upper end of the profile, when also the 
spruce arrived in the region. Also in profile 
1 Lycopus and Thalictrum and Rubus idaeus 

occur in the upper part of the profile 20 - 30 
cm from the surface. Lycopus is a elassic 
example of a warmth indicator in Finland . 
Hs distribution during the postglacial warm 
period is fairly weil known in Finland as a 
result of Backman's studies (compare the 
ringed fossil finds in Fig. 8 with present
day finds) ; nowadays, it does not belong to 
the rather meager flora around the Vimpeli 
watershed, to which the Ryytimaa area is a 
local exception , owing to the effect of the 
calcareous soil. 

Reconstructed biotopes 

The plant finds enable one to reconstruct 
certain biotopes that have existed in the 
vicinity of the sampling locality. 

Fjeld heath 

The fjeld heath biotope is at its most typical 

at the bottom ofthe profile in the 170- 160 cm 
sampie. In addition to the aforementioned 
species that indicate a cold climate (Phyllo

doce, Arctostaphylos alpina, Dryas) and 
other evergreen dwarf shrubs (e.g. , Empet

rum) , also Betula nana, and Betula pubes

cens Itortuosa as weH as an occasional pine 
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have been part of the local flora. Presum
ably , there has existed a kind of unclosed 
»park tundra» flora. Finds of other plant 
families are scarce (Carex rostrata, FiLipen
duLa) . 

The open, unclosed vegetation probably 
continued its existence during the entire 
period of the silt sedimentation ; herbaceous 
flora increased and included in the early 
phases (160 - 120 cm) also species indicative 
of a warm climate. Subarctic conditions seen 
perhaps to prevail. In 160- 100 cm, pine still 
occurs sparsely , birch, alpine birch and other 
shrubs abundantly . The number of species 
among the marsh and waterside flora has 
increased , but still the finds are scarce in 
the whole silt expanse. Also the aquatic flora 
is sparse, indicating primarily oligotrophy 
(Batrachium). The last silt sampies (l00 - 80 
cm) are the poorest: e .g. , pine is missing and 
also other plant finds are scarce . Birch and 
alpine birch , the leaves of a hair moss (PoLy

trichum cf. p i Liferu m, which grows on ex
posed mineral soil) and statoblasts of moss
animals (CristateLLa, Bryozoa) are the most 
abundant in this part of the profile. It could 
be a case of a climatological »draw-back» 
phenomenon ; also the speed of the silt sedi
mentation may have increased and caused 
the scarcity of finds. 

Succession of the forest 

In the period represented by the silt sec
tion, a closed forest had not yet developed ; 
instead , there existed , a spar se, birch
dominated , parklike (fjeld) heath vegetation, 
which also included so me pines. In the upper 
part of the profile (80 - 0 cm), there already 
appears a closed, pine-dominated heath 
forest. Birch is present to some degree - in 
the last two sampies , however, only sparsely. 

The ground vegetation is characterized by 
Empetrum and ArctostaphyLos uva-ursi. The 
dry heath forest was probably situated close 
to the sampling site , if all the aforementioned 

species did not originate on the nearby rocks. 
The spruce in the last two sampies (20 - 0 cm) 

and the separate sampie 3 indicate a wetter 
environment. The amount of spruce needles 
in the said sam pIes was found to be small. 

Rock vegetation 

Juniper (Juniperus) arrived on the site 
early. Its seeds and needles were found 
throughout the whole range of the profile. 
Juniper has here been interpreted to be an 
indicator of a rocky growing site. Fragaria 

and Rubus idaeus also belong to typical cliff
side vegetation. SeLaginelLa seLaginoides in 
the upper part of the profile could also origi
nate from the rocks. It is a calcium indicator 
and it grows at present on the Ryytimaa lime
stone cliffs , even in a comparatively dry habi
tat. Especially in Lapland it is , however , a 
species typical of rich fens, and it might have 
also here grown in rich, boggy shore areas. 

Marsh and shore vegetation 

Marsh and shore vegetation is best repre
sented along with aquatic vegetation , both 
when the estimate is based on the number 
of species and when it is based on the number 
of finds. 

Typical plants of the shrub vegetation of 
the boggy shore are alpine birch and , espe
cially, bog myrtle (Myrica gaLe ), which lines 
the watercourse. Excluding the aforemen
tioned intermediate phase in the silt, bog 

m yrtle is most abundant in the upper end of 
the profile in sampies 160 - 140 cm. Other

wis e, the shoreline has been dominated by 
the great sedges Carex rostrata and C. ripa

ria apparently growing partly in water. Lyco

pus, Mentha, FiLipenduLa, CaLtha, Menyant

hes, PotentiUa paLustris, VioLa paLustris 

and the exotic, tall ThaLictrum Lucidum com
plete the image of a marshy, meadowlike 
waterside vegetation. The mosses are all of a 
Bryidae type, only a few Sphagnum leaves 

were found in the s"ample at a depth of 50-

40 cm. 
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Aquatic vegetation 

In the silt, aquatic vegetation, as weil as 
other vegetation, is scarce. Only water crow
foots rBatrachium) appear regularly in the 
sampIes, also at the upper end of the profile. 
Within the area of the stratified drift peat, 
the range of the aquatic species becomes 
more varied and includes, for example, many 
species of Potamogeton. Of these, P. natans 

occurs most regularly and abundantly in the 
finds, and it may be considered a characteris
tic species. By itself, P. natans is not a spe
cies requiring speciaily nutrient-rich condi
tions ; but, when it appears in great numbers 
together with other Potamogeton species, it 
indicates a comparatively rich growing site. 
Water crowfoots, Nuphar lutea, Scirpus la

custris , and Sparganium emersum complete 

the picture of a fairly lush watercourse. The 
finds are at their most abundant in the upper 
end of the profile, and this has been inter
preted as a shift in the direction of a richer 
environment (cf. , Tynni below). 

Sampie 3 (Table 1) 

The sampIe consists of drift peat containing 
large amounts of wood and cones. The list 
of species (Table 1) indicate a temperate , 
perhaps a somewhat continental climate. 
Temperature indicators include, e .g., Lyco

pus, Thalictrum Lucidum, Carex riparia 

and Myrica. Cold-climate indicators are lack
ing. Among the aquatic vegetation there oc
cur species bearing witness to a moderate 
supply of nutrients , including Potamogeton 

berchtoldii and P. perjoliatus. The species 
are similar to those at the upper end of Pro
files 1 and 2 and evidently date from the same 
period. Also spruce needles were met with 
sparsely in this sampIe. 

Sampie 4 (Table 1) 

This sampIe was taken from the silt below 
the foregoing one. Among the species finds 

are an abundance of fragments of netweined 
leaves (a portion of the Dryas leaves), Empet

rum endocarps, Polytrichum leaves, Batrac

hium endocarps, achenes ofCaltha and Eleo

charis palustris, ail typical species met with 
in the silt area in the profiles. An exceptional 
find, encountered in this sampIe alone, is 
Andromeda polijoLia, a modest shrub that 
grows in bogs and on shores. No species ac
tually indicating a cold climate were met with 
in this sampIe. Thermal indicators likewise 
are lacking, as are also water plants indicat
ing eutrophy. The sampIe corresponds tem
porally probably to the middle part of the 
silt in Profile 2. 

Sampie 5, 170- 163 cm (Table 1) 

The sam pIe was taken from the upper part 
ofthe glaciofluvial gravel and the bottom por
tion of the silt between Profiles 1 and 2 (Fig. 
6). Thus, as expected, there occurred as indi
cators of a cold climate ArctostaphyLos 

aLpina and Dryas together with Empetrum, 

revealing a fjeld-heath biotope. Further, an 
unclosed growing site and mineral soil with 
sparse vegetation are revealed by abundant 
finds of PoLytrichum leaves. Water vegetation 
is represented by Batrachium alone, which 
speaks of oligotrophy, and bog and littoral 
vegetation by ELeocharis, FiLipendula and 
PotentilLa paLustris. The sam pIe corresponds 
both temporally and with respect to species 
present to the bottommost sam pIes from 
Profiles 1 and 2 and indicates a cold, arctic 
tundra stage. 

Sampie 6 (Table 1) 

The sampIe was taken from the lower por
tion of the lodgement till at a point where 
the till lies in direct contact with the dolo
mite bedrock (Fig. 5). 

Organie material did not appear to be pre
sent there. However, when a rather large 
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sam pIe was rinsed , well-preserved plant re
mains and seeds were found, though, to be 
sure, in scanty measure. Pinus, Picea and 
Betu/,a sp. are the species oftrees represented , 
and shrubby vegetation is represented by 
Juniperus, Betula nana and Salix sp. Dwarf 
shrub plants did not appear ; littoral and mea
dow vegetation are represented by the sedge 

species C. rostrata, C. b1 unnescens /cane
scens, as a newcomer (the species could not 
be determined because of the lack of the 
beak of utricle), Filipendula and Potentilla 
palustris. Among water plants, only Batrac
hium was represented. Deviating from the 
other sampies , there were various species 
ofmosses; for example, the sampie contained 
an abundance of Sphagnum leaves and entire 
branches of shoots. The plant remains of the 
sampie probably date from later periods, 
when paludification was notable , judging by 
the rather abundant occurrence of Sphagnum 
and spruce, an indicator of humidness, as 
weH as the disposition of the sampie. Sela
ginella selaginoides occurs as an indicator of 
limestone. No particular species indicating 
either a cold climate or conspicuous warmth 
was met with in the sam pIe. 

Sampie 7 (Fig. 6). 

The rather large sampie taken from the 
glaciofluvial gravel underneath the silt did 
not contain a single shred of plant remains. 
Consequently, it has not been tabulated. 

Compa risons and Sum mary 

In Profiles 1 and 2, the succession of spe
eies is of the same kind in the silt and the 
drift peat, revealing at the base of the silt a 
cold stage, perhaps the proximity ofthe melt
ing ice sheet and arctic fjeld-heath vegetation 
(biozone a). It is characterized by such indi
cator species as Phyllodoce coerulea, Arcto
staphylos alpina, D1-yas octopetala and Loi-

seleuria procumbens, all of which are at the 
present day typical species in the fjeld heaths 
of Fennoscandia. This apparently brief and 
transitory phase changed abruptly, after a 
subarctic »bireh tundra» stage, into a closed 
pine-dominated forest phase (biozone b), 
conforming to the sudden succession from 
sediment to drift peat, with signs ofincipient 
paludification. The grassy vegetation includ
ed species requiring considerable warmth. 
Certain of these plants (Thalictrum Lucidum, 
Carex riparia) grow at present in a notably 
more southerly environment than the boreal 
vegetation zone of Vimpeli, revealing tem
perate conditions of growth. 

The spruce needle finds made in the upper 
parts of the profiles offer evidence of the 
arrival of the species in the locality. Separate 
sampies 4 and 5 from the silt and No. 3 from 
the drift peat reflect the vegetation of the 
corresponding sediments of the profiles. 
The consistently similar stratigraphy and 
corresponding flora succession of all the 
sampling sites described in the foregoing 
demonstrate indisputably that nearly the 
entire organie deposit is in situ, with the 
possible exception of the northern side, 
closest to the limestone rock, where it is 
slightly folded and has become mixed with 
the overlying lodgement till as separate in
clusions. Compared with the flora succession 
of the pollen analysis (Donner, below), the 
results are parallel and support each other. 

The separate sam pIe from the base of the 
till bed overlying the organic deposit (Sampie 
6), on the other hand , contained scantily well
preserved plant remains. The several species 
were mainly the same as in the underlying 
organic deposit, although the amounts differ: 
there were equal amounts ofspruce and pine 
needles; Sphagnum leaves and shoot remains 
made up the main part of the moss finds, 
and the species of moss differed otherwise, 
too. Further, certain n·ew species of vascular 
plants were present in the till sampie. On the 
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basis ofthe foregoing , it may be assumed that 
the lodgement tiU, deposited during the melt
ing stage of the later glaciation, remained 
quite local having originated from the close 

vicinity. This view is also supported by the 
calcium content of the till and the finding 
of a certain calcifilous species (Selaginella) in 
the sediment. The flora mainly represent in 
composition boreal vegetation of an indif
ferent nature. 

The deposit has been interpreted in the 
light of the foregoing to date from the early 

Eem interglacial stage, which probably cor
responds in the pollen succession of Leveä
niemi to biozone a and the beginning of bio
zone b (Robertsson 1971). The temperature 
maximum of Leveäniemi (Lundqvist 1971) is 
not reached in the Vimpeli deposit. Consider
ing the great difference in latitude between 
the sites of the finds at Vimpeli and Leveä
niemi (c. 63° N - nearly 68° N) and the not
ably thermophile flora and fauna of the last 
mentioned, the macrofossil flora of Vimpeli 
reflects the early beginning of the interglacial 
stage. 

Pollen flora 

The till-covered layer of organic sediments 
at Vimpeli (Fig. 6), as seen in the open sec
tion exposed in 1980, consists of hard , com
pressed dark-brown drift peat with greyish 
patches. It varies in thickness, is folded in 
places and has probably been at least in 
part horizontally replaced. It contains smaIl 
logs , twigs, pine cones and occasional stones 
as weIl as so me sand. On the basis of the 

A/J D. 1. .10. 1980 

stratigraphical position of the drift peat, as 
seen in the exposure, it could be assumed 
that it does not represent a complete se
quence of a non-glacial interval. But it is not 
clear from the stratigraphy alone whether 
the drift peat is part of an undisturbed se
quence or mixed and redeposited material. 
Therefore, in order to find out how the drift 
peat was deposited, three profiles were stu-

Vimpeli. Ryytimaa 1980 

~ Drift peat 

, Peace of wood 

BI J. D. 27. 7. 1980 

Fig. 9. PI aces where pollen-sam pIe series A and B / J. Donner were taken. Compare also with Fig. 6. 
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died by means of pollen analyses. The sam
pIes for the first profile (1 in Fig. 6) were taken 
by Niemelä and Tynni on August 28th, 1980, 
from apart where the drift peat is 100 cm 

the other two, may be due to the folding of 
the drift peat in this part (see Fig. 9). Further, 
the sampies for this profile could not be taken 
along a vertical line which mayaiso have 

thick and overlies grey silt and stony water- caused slight discrepancies in sampling 

laid gravel. The second A and third B profiles depths . 
were sampled in places where the drift peat 
and underlying grey silt overlie till-like mate
rial similar to the till on top of the drift peat 
(Fig. 9) . In Profile A, the peat is 85 cm thick 
but folded , and in profile B only 20 cm thick. 
The intervals between the samples analyzed 
were 10 cm in Profile 1,5 cm in Profile A and 
3 cm in Profile B. The loss-on-ignition curve 
has the same trend in all three profiles ana
lyzed (Fig. 10). It is below 10 ', ~ in the silt in 
Profiles 1 and A and rises in the drift peat 
first to 20 - 30 ',e and at the top to nearly 30 ',(
in Profile 1 and to nearly 40 '!c in Profile A. In 
Profile B , the loss on ignition is about 20 'fe 
in the lower part and rises to nearly 40 '/c at 
the top. All three curves thus show a steady 
increase in organic matter toward the top of 
the drift peat. It is therefore likely that the 
peat represents the basal part of an eroded, 
formerly thicker sequence of organic sedi
ments. 

The pollen diagrams of the three profiles 
analyzed are given in Fig. 10, in which the 
percentages are based on the total amount 
of tree pollen. The tree pollens are almost 
entirely represented by BetuLa and Pinus, 
the former dominating in the lower part of 
each profile and the latter in the higher , 
even in the short Profile B. Also other fea
tures, such as the steady decline in the pro

portion of pollen of shrubs and herbs , are 
similar in all three profiles. This means that 
even if the drift peat has been folded in 
parts and somewhat replaced horizontally, 
the material has not been mixed but repre
sents part of an originally thicker strati
graphical sequence, as already indicated by 
the loss-on-ignition curves. The more irreg
ular curves in Profile A , as compared with 

The pollen diagrams show c10se similarities 
with the basal parts of Flandrian pollen dia
grams in Central Finland , deglaciated be
tween 10000 and 9000 B.P. , in an area with 
no detectable woodless vegetation before the 
spread of birch forests. The higher percen
tages of Juniperus and SaLix as well as of 
NAP, mostly Gramineae (many 30-40 mic
rons in diameter) and Cyperaceae, but also 
Ericaceae and Empetrum, in the lower parts 
are indications of an open birch forest pre
ceding the more c10sed vegetation, even
tually developing into pine forests with birch. 
It is difficult to assess the presence of pollen 
of CoryLus and Picea and the occasional 
occurrences of ULmus. ALnus, Quercus and 
Carpinus. The C01-yLus-type pollen may , at 
least partly, represent Myrica. and the others 
may represent long-distance transport 01' 
redeposited older pollen grains. Their pre
sence is not here considered to show that 
trees other than birch and pine grew in the 
vicinity of the site at the time of the deposi
tion of the drift peat. Part of the birch pollen 
is represented by BetuLa nana, especially at 
one level in Profile A (Fig. 10). The pine log 
in this profile is at a level where the pine 
curve has already risen to higher percentages 
than the birch curve. Similarly, pine cones 
were frequent in the thin layer of drift peat 
from which Profile B was taken and in which 
the pine pollen curve rises to 80 - 90 'iC . Even 
if it is likely that the drift peat deposited in 
shallow water near a bog, eventually invaded 
by pine, there were in the vicinity bare areas, 
as shown, for instance, by the presence of 
Hippophae, Artemisia, PLantago, Rumex, 

ThaLictrum and Urtica. Some of these may 
represent plants of a littoral zone, with co ast-
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al plants similar to those on the coast of Poh
janmaa at present. The pollen of aquatic 
plants in the profiles must be from the water 
plants of the lake into which the drift peat 
accumulated , whereas the spores co me from 

the vegetation surrounding the lake, mostly 
probably from the bog. But there are also 
fragments of fen mosses in the peat. 

The foregoing results show that the drift 

peat preserved at Vimpeli was deposited in 
shallow water on top of silts and that it repre
sents the beginning ofthe vegetational devel

opment of a non-glacial stage. It cannot be 

determined on the basis of the profiles stud

ied what the subsequent vegetation al history 

was like because the peat has been eroded. 
The preserved peat, however , must origin
ally have been thicker before it was com

pressed and dried under the pressure of the 
overlying till , clay and sand . 

The pollen diagrams in the three profiles 
from Vimpeli allow a division for this site 

into pollen assemblage biozones (p.a.b.) , 

which can be used in comparisons with other 
similar sites. The zones are: ' 

A. Birch p.a.b. BetuLa and Pinus are the 
two main tree pollen taxa , the former reach
ing 55 - 80 '.(. The pollen OfC07'yLus and Picea. 

not exceeding 1 ',I:, and of ULmus and ALnus, 

occurring in a few sampies , do not necessari
ly represent the local vegetation. The CoryLus 

curve also includes MYTica which probably 

grew in the area. JunipeTus and Salix are 
prominently represented , particularly in the 

lower part of the zone. The upper boundary 
of the zone is at 30 cm in Profile 1, 40 cm in 
Profile A and 15 cm in Profile B. 

B. Pine p.a.b. Pinus, exceeding 70 {/e, and 

BetuLa are the main tree pollen taxa , with 

some Corylus (less than 3 '/c ), Picea, Ulmus 

and Alnus. The low percentages of JunipeTUs 

and Salix decrease towards the top. 
The boundary between zones A and B is at 

the rise of the Pinus curve and the corres
ponding fall oftheBetula curve, thus defined 

on the basis of only two taxa. The other tree 
pollen are insignificant and, as pointed out 
in the foregoing not likely to represent the 
local forest vegetation at the time ofthe depo
sition of the drift peat. 

On the basis of the pollen diagrams from 
Vimpeli, it may be concluded that the drift 
pe at can either represent a slightly eroded 
sequence of an interstadial during wh ich pine 

forests had time to spread after the initial 
birch forest , 01' a basal remnant of a thicker 
and much eroded sequence ofan interglacial. 
In the latter case, the drift peat would, com

pared with Flandrian diagrams from the 

same area, represent the Pretemperate zone 

of an interglacial , Zone I , as defined by 
Turner and West (1968). If an interstadial is 

defined as being either too short or too cold 
to permit a vegetation al development similar 
to the Flandrian , the Vimpeli sequence could 
represent an interstadial. If the Vimpeli 
pollen diagrams represent the early part of 
an interglacial sequence, the parts that could 

prove the sequence to be interglacial are 

missing . Thu s pollen analysis alone does not 
reveal the nature ofthe inter val during wh ich 
the drift peat was formed. 

A sam pIe from the basal part of the till 
lying 0.3 m above the drift peat contained 

pollen in addition to the diatoms mentioned 
elsewhere. The percentages of tree pollen 
(based on 300 counted tree pollen). 

AInus 13 'je 

Betula 34 r/c 

Pinus 44 % 

Picea 8 r/c 

Corylus 1 r/e 

The NAP (7 % of total pollen) in the Vim

peli sam pIe represented mainly CypeTaceae 

and GTamineae. The most frequent spores 
(10 ',d were PoLypodiaceae and Sphagnum 

spores. If it is assumed that the till is local 
and that it eroded the underlying drift peat, 
the pollen in the till would mostly represent 
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the missing topmost part of the peat. The 
pollen composition differs from that in the 
peat by having comparatively high percent
ages of Alnus and Picea, both of which are 
almost absent from the peat. There iso how

ever, no indication of a pollen assemblage 
representing a mixed oak forest in the till. 

Conclusions 

On the basis of the tree pollen diagrams, it 
can be concluded that the drift peat at Vim
peli represents the compressed basal part 
of an eroded sedimentary sequence mostly 
in situ, but partly folded and displaced 
horizontally and thus sandwiched into the 
overlying till. The Birch p.a.b. I'ollowed by 
a Pine p.a.b. in all three diagrams either rep
resent an almost complete relatively warm 
interstadial 01' the pretemperate zone of a for
merly thicker interglacial sequence. The mac
rofossils favor the latter conclusion. The 
radiocarbon dates, > 43 000 - > 50300 yrs 
cannot be used in dating the drift peat. 

Comparisons 

The three pollen diagrams from the Vim
peli drift peat have a Birch p.a.b . followed 
by a Pine p .a.b. In Finnish Lapland , the thin 
layers of peat or organic material underlying 
deposits of ablation till and lodgement till 
have regularly a pollen composition dominat
ed by Betul.a and containing small amounts 
of Pinus. thus equivalent to the Vimpeli 
Birch p.a.b. This Weichselian interval is 
named in Lapland the Peräpohjola Inter
stadial (Korpela 1969, Hirvas et al. 1976,1977). 
This has been correlated with the J ämtland 
Interstadial in Sweden, with similar organic 
sediments underlying till. On the basis of 
pollen diagrams and macrofossils of these 
sediments, vegetation zones could be sepa
rated for this interstadial, with a tundra zone 
and abireh forest zone northwest of a coni-

ferous forest zone (Lundqvist 1967, 1978). In 
the last-mentioned, both pine and spruee 
were present, with pine dominating. If the 
northwestern boundary of this forest zone 
is extended over to Finland (see map by 
Lundqvist 1978), it would I'ollow the coast 

of north Pohjanmaa. Thus a forest vegetation 
dominated by pine could have spread to 
Vimpeli during the Peräpohjola-Jämtland 
Interstadial at the same time as Finnish 
Lapland had birch forests. Stratigraphically 
below the Peräpohjola Interstadial and sepa
rated from it by a till-bed are lake sediments 
and peats, which have tree pollen speetra 
dominated by Pinus. and, in addition to 
Betula also have Alnus, Corylus and Picea 

(Hirvas et al. 1976, 1977). These have been 
eorrelated with the Eemian Interglaeial. In 
Swedish Lapland, the till-eovered peat and 
mud sequence at Leveäniemi was formed in 
more temperate climatic conditions than the 
organie sediments during the Flandrian eli
matic optimum in the same area (Lundqvist 
1971). In the most complete pollen diagram , 
a Betula zone (a) was followed by a Pinus

Betula-Alnus zone (b). a Picea-Pinus zone (c), 
a Pinus-Betula zone (d) , a Betula Zone (c) 
and a Pinus-Betula zone (f) (Robertson 1971). 
The basal part thus shows a Betula zone 
followed by a zone dominated by Pinus, but 
a continuous Alnus curve. In Pohjanmaa, a 
till-covered redeposited mud at Norinkylä 
contained a pollen assemblage dominated by 
Betula and Alnus, but with a prominent 
occurrence of Pinus and Picea in addition 
to low frequencies of Corylus, Que1'C'Us, 
Ulmus and Carpinus (Niemelä & Tynni 1979). 
This pollen assemblage, reflecting also here a 
warmer climate than during the Flandrian eli
matic optimum, was dated as Eemian. If the 
I'oregoing datings are correct, the two Eemian 
sites show the difference in vegetation be
tween Pohjanmaa in Finland and Swedish 
Lapland. Other remnants of Eemian sedi
ments in Finland confirm this, even if no 

I 



longer sequences have been found in situ. 

As the beginning of the Eemian vegetational 

history is similar to that of the Flandrian, 
the pollen diagrams from Vimpeli could re
present the basal part of an eroded thicker 
Eemian sequence. There is, however, no indi
cation in the Pine p.a.b. of the beginning of 
a development leading up to temperate con
ditions as warm 01' warmer than during the 
Flandrian climatic optimum. 
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In the light of the foregoing discussion of 
the pollen . sequence, it may be concluded 
that the till-covered, eroded drift peat at Vim
peli can either represent the beginning and 
middle of the Weichselian Peräpohjola Inter
stadial or the beginning of the Eemian Inter
glacial. The till-stratigraphy in Pohjanmaa is 
not yet known in detail and cannot therefore 
be used in separating these two intervals. 

The diatom succession of the deposit underlying the till 

Diatom analyses were made at 10 cm 
intervals from the drift peat and silt deposit 
of Profile 2 and a diatom diagram (Fig. 11) 
was drawn to illustrate the variations in the 
most common species. The density of di
atoms is on the average rather sparse, and 
in the middle portion of the peat especially 
sparse, most probablyon account of the dis
solution of diatoms. Presumably , the diver
sity of the original species has been reduced 
by the disappearance of the more delicate 
forms . but from the variations in the pre
served forms can be gained a summary idea 
of the evolutionary changes wrought by cli
matic conditions in the fresh-water sphere. 
The diatom diagram is divided into 75-cm 
lower and upper zones , in which the diatom 
proportions differ from each other. At the 
same depths, there is situated the gradual 
trans ition contact between the s ilt and the 
peat deposits. 

The relative occurrences of diatoms in the 
silt deposit and pertinent ecological 
observations 

The d iato ms most commonly present in the 
silt deposit a r e Mdosira arenaria, Fragila

ria pinnata and Cymbella behrei. Melosira 

arenaria is known as a form native to the 

sandy shores ofthe Ancylus lake and ofmany 
smaller postglacial and present-day lakes. 
Data relating to its recent distribution are 
concentrated in northern Europe, although 
according to Hustedt (930) it is commonly 
met with throughout Europe. M. arenaria 

is a common form in Finnish Lapland (Cleve
Euler 1951). Among other places, it occurs 
in Ireland and Iceland , too (Foged 1972,1974). 
Van der Werff and Huls (1957 - 74) describe 
M. arenaria as a cold-climate form , and this 
view is supported by the present study. 

FragilaJ'ia pinnata is commonly present 
in the silt, whereas the other Fragila1'ia 

species nowadays common in Finland are an 
exceedingly rare occurrence. F. pinnata is 
an epiphyte and an alkaliphilic form. Accord
ing to Cholnoky (968), it thrives on ly in 
oxygen-rich water. 

Cymbella behrei has recently been de
scribed by Foged (974) in the light of ob
servations made in Iceland. The pH of the 
site of the find is 7.5- 7.9. This form have 
been found in L apland (Tynni 1978); but it 
is conceivable that certain observations re
corded in the older literature also apply to 
the same form though erroneously identified 
as the closely related C. obtusa species. On 
the basis of the observations so far made, 
the species appears to be native to a cold
water habitat. 
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Fig. 11. Diatom flora of Profile 2. 

Other less eommon eold-water forms met 
with in the silt deposit are the resting spores 
of MeLosira isLandiea, CycLoteLLa antiqua, C. 
iTis , TetTaeycLus emaTginatus, Aehnanthes 
suchlandti , DipLoneis finniea var. cLevei. 
N av icuLa jaagi. 

The predominant part of the speeies be
longs to alkaphilie forms and represents a 
relatively small, cool lake stage before its 
shore area beeame rapidly paludified. MeLo
siTa aTenaTia is also a clear-water form, but 
its occurrenee as a single species does not 
indicate a big-lake situation but rather a loeal 
sandy shore environment. 

The relative occurrences of diatoms in the 
drift peat and pertinent ecological observa
tions 

During the deposition of the lower peat, 
MeLosiTa aTenaTia eonstituted the maximum 

of the diatoms that gathered at the initial 
stage ; but soon a change took place to a 
maximum of M. itaLica ssp. subaTctica v. 
vaLida (Grun.) Miller et Falkenström. Miller's 
(1971) position has been adopted in the pre
sent case beeause the form presented by her 
from Leveäniemi corresponds to the one met 
with at Ryytimaa. At Leveäniemi, M. itaLica 
ssp. subaTctica v . v aLida represents the most 
eommon taxon at point D in diatom zone 
5. This level corresponds to the b-zone in 
Robertsson 's (1971) pollen diagram , that is, 
the early part of the interglaeial , before the 
rise of Picea. Miller's eharaeterization of dia
tom zone 5 is: »acid oligotrophie to dystrophie 
milieu mixed with a more neutral to slightly 
alkaline one. » The situation at Ryytimaa res
embled this . With respect to temperature, M. 
itaLica ssp. subaTctica v . vaLida is to a rather 
large extent eurythermic, even though it does 
favor fairly cool water. 



At the depth of 10 cm in the upper part of 
the drift peat, M. italica ssp. subarctica v. 
valida constitutes a diminution, one of about 
20 ',c, while at the same point more demand
ing forms reach a transitory peak. Present is 
Melosira ambigua (6 '/e), and the genus Na
vicula (26 '/d, which is otherwise a rarity in 
the deposit , attains its maximum. These spe
cies have their source in a rather smaU lake 
nearby , on the shore of which waves had 
piled up drift peat. 

As the upper part of the drift peat formed, 
a notable drop in the pB level of the lake 
water took place. It appears in the growth 
of Melosira distans + var. lirata and many 
Eunotia species. Eunotia forms produced a 
separate rising level already at a depth of 40 
cm. Many of the species met with in the Ryy
timaa deposit are the same as those observed 
nowadays in springs, pools and the surface of 
bogs. Likewise, they commonly occur in 
small numbers in lakes (cf., Meriläinen 1971). 
In the Ryytimaa deposit, the abundance of 
Eunotia 00 '10 on the surface) is probably due 
to the rapid palud ification of shores. 

Diatoms of the lodgement till 

A diatom investigation was made of the 
lower part of the lodgement till 0.3 meters 
above the drift peat as weU as of the upper 
part of the tiU bed in order to determine 
whether material had coUected into the tiU 
from underlying or nearby organogenic de
posits that might shed additional light on 
an intermediary stage of glaciation. In the 
sam pIe taken from the upper level, no dia
toms whatsoever could be found, but in the 
lower part of the till , the diatom density is 
fairly high, 460 /preparation. Most of the dia
toms are fragments , but even so identifiable 
as to species. Some of the forms are intact; 
evidently, the diatoms are nearly local. 

Saline- and brackish-water forms account 
for c. 6 '70 of the total, fresh-water , big-lake 
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forms for c. 22 '70 and other fresh-water forms 
for 72 '70 . The following species of saline- and 
brackish-water diatoms are represented: Ac
tinocyclus ehrenbergii var. minuta, A . küt
zingii, Chaetoceros mitra, C. sp. , Coscino
discus sp. fr. , Grammatophora oceanica, 
Hyalodiscus scoticus and Rhabdonema ar
cuatum. Of these, Grammatophora oceanica 
is the commonest, accounting for roughly 
two per cent ofthe total. The species referred 
to in the foregoing make up a scanty array, 
but they are the same ones met with in the 
Eem deposits of Rova and N orinkylä as near
ly the commonest of aU (Niemelä & Tynni 
1979). 

Among the big-Iake forms, Melosira is
landica ssp. helvetica is the most prevalent 
07 '10 ). It represents clear-water deposits in 
the source material of the till , whereas the 
majority is composed of Pinnularia viridis 
var. sudetica and numerous Eunotia species 
(Table 2). There also occurs in the till a rare 
fresh-water species, Cyclotella omarensis 
(Kuptz. ) Losseva and Makarova (977). The 
same type has been met with in the inter
glacial deposit of Pohjanmaa (Niemelä & 
Tynni 1979), but it is better known from 
Pliocene deposits in the Kama region (Gleser 
et al. 1974). The till sampIe yielded three fair
ly intact individuals, the peat sampIes , one. 

A dia tom stratig raphie synthesis noting the 
diatoms eontained in the till and underlying 
deposits 

The silt and peat layers underlying the till 
bed reflect, in the light ofthe diatoms present 
in them, a developmental process starting 
from a coollacustrine stage and leading to a 
somewhat warmer and, at the same time, 
more dystrophic lacustrine stage. It probably 
corresponds to the early interglacial stage 
and is comparable to diatom zones a and b at 
Leveäniemi. 

The deposit appear to date from a younger 
part of an interglacial or an interstadial for 
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the following reasons: 1. Not a single saline
or brackish-water form was met with in the 
deposits underlying the till bed. Such forms 
might have been expected to become mixed 
up with the till commonly and to pass on into 
the interstadial sediments in the areas located 
elose to Eemian deposits . 2. Marine diatoms 
typical of the Eem stage were observed to be 
present in the lower part of the till bed , and 
the probability is that the marine deposits are 
younger than the deposits preserved under
neath the till at Ryytimaa. 3. The lower part of 
the Ryytimaa till bed alone contains micro
fossils and macrofossils , and there they could 

have survived only dUl'ing a very short trans
portation distance. 4. Upon a comparison 
being made of the occurrence of macrofossils 
in the till and the underlying deposit, it was 
noted thai the most abundant occurrence of 
Picea needles was in the till. It reflects the 
subsequent but later eliminated warmstage 
deposit, to which belonged the extensive 

spread of the genus Picea (Zone c at Leveä
niemi). 

The marine stage would , in the light of the 
foregoing, have extended as far as the Ryyti
maa area , poss ibly during the mid-inter
glacial. 

CONCLUSIONS 

The results arrived at by different methods 
in the inves tigation of the sequence of strata 
at Ryytimaa are to some extent divergent -
or they differ in the value of the evidence 
provided by them. The organogenic deposit 
yielded both an abundant and convincing 
macrofossil flora. which in this case must be 
regarded as the strongest argument, since the 
macrofossils represent for sure local vegeta
tion. 

Judged on the basis of the macrofossils, 
the lower part of the till-covered deposit 
originated under arctic conditions , when an 
open tundra-type vegetation prevailed in the 
locality. This period was followed by an open 
birch-forest stage. The elosed forest stage was 
dominated by the pine. Certain macroscopic 
remains met with in the upper part of the or
ganogenic deposit (Thalictrum lucidum, 

Myrica gale, Carex riparia and Lycopus 

eUTOpaeus) indicate somewhat more favor
able elimatic conditions than those prevailing 
at the present day. 

The northern limit of the present range of 
Thalictrum lucidum is nearly 500 km to the 

south from Vimpeli, in Estonia, where the 

mean annual temperature is 3°_ 5° high er. The 
present northern limit of Lycopus europaeus 

is less than 100 km south ofVimpeli. There is 
reason , furthermore , to remark that the site of 
the Vimpeli find need not represent the 
northern limit of these plants. The existence 
of the plants probably signifies that the or
ganogenic depos it is cut off at the incipient 
temperature maximum. The most likely ex
planation for the break is that the continental 
ice sheet advancing over the region (either 
the early Weichsel stage or that following the 
Peräpohjola interstadial) cut the upper parts 
off, for which reason the succession is not to 
be seen in its entirety. In the light of results 
arrived at by different methods, the organo
genic deposit most likely originated during 
the early Eem interglacial stage in the littoral 
zone of a freshwater lake. Both the observa
tions made from the sequence of strata and 
the comparative pollen investigation support 
the view that the deposit is in situ and virtual
ly undisturbed. 

The lowest part of the strata succession, 
sandy gravel, was probably originally glacio
fluvial. The gravel pro bably formed in a bed-



rock fracture during the melting stage of the 
Saale ice sheet. The till-covered silt , again , 
was deposited during the late glacial stage 
following the Saale glaciation. 

The pollen analyses made ofthe sediments 
underlying the till bed yield no certain 
answer to the question relating to the time of 
their origin. If the entire succession of strata 
of a deglaciated transitional stage is involved , 
then the pollen flora reflect an interstadial: if 
the initial stage of the succession is involved , 
as the macrofossils would indicate, then the 
pollen flora reflect the development from the 
late glacial situation to the postglacial Pinus 
stage d uring the Eem interglacial. 

A till sam pie taken directly from its situa
tion on the very surface of the dolomite bed
rock on the side of the advance of the ice 
sheet a few meters from the place where the 
organogenic deposit was discovered proved 
exceedingly important from the methodolog
ical standpoint. Although it did not out
wardly deviate from the lodgement till in 
general, it was found under analysis to con
tain both fairly well-preserved macrofossils 
and microfossils. The fossil flora showed that 
these fossils quite evidently originated from 
those sediments that were swept away from 
their primary situation at the site of the Ryy
timaa find by the advance of the continental 
ice sheet. 
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1. Most interesting was the fact that the 
macrofossils in the till induded spruce need
les, only a few of which were met with in 
the upper part of the organogenic deposit. 
There is reason to assume that the needles 
indicate deposits that were laid down at a 
time when the spruce became common in the 
region. This stage is not revealed by the 
macro- or microfossils contained in the or
ganogenic sediment. 

2. The pollen flora induded 8 ',c Picea and 
13 ',( Alnus, which is also to be interpreted to 
mean that the pollen grains trace their origin 
to a more advanced deglaciated stage than 
the pollens contained in the organogenic 
sediment. It should be noted, however , that 
the proportion 0 f Picea among the forest veg
etation was appreciably higher. considering 
that the Picea pollen are under-represented 
in the sam pie series (Donner 1972). 

3. Of the diatoms redeposited in the till, the 
majority were fresh-water forms - but pre
sent were also saline- or brackish-water forms 
to the extent of 6 r;c. Since the diatoms Ir'. the 
bottom section of the till bed cannot have 
been transported any long distance, the as
sumption is warranted that they originated in 
deposits of the Eem sea, which extended as 
far as the Vimpeli area. This stage was re
flected in no way in the organogenic deposit. 

COMPARISONS 

The organic portion of the Ryytimaa strata 
succession in the parish of Vimpeli bears the 
dosest resemblance to the Vuojolankangas 
deposit at Oulainen, Finland (Aario & Fors
ström 1979), or the deposit of Stenberget in 
southern Sweden (Berglund & Lagerlund 
1981). All three cases probably represent an 
organogenie deposit in situ, of which only the 
lower portion remains in existence - or, then, 
no more was ever deposited. The interglacial 

temperature maximum does not appear in 
them. The results arrived at in the study of 
the lodgement till sam pie from Ryytimaa 
indicate, however, that sediments had ex
isted in the region that gave evidence of the 
general spread of Picea. Accordingly, the 
pollen composition of the Ryytimaa till re
sembles that reported from Navetta-aho, Evi
järvi (Eriksson, Grönlund & Kujansuu 1980) 
as weil as from Norinkylä, Teuva (Niemelä & 
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Fig. 12. Sites of certain finds interpreted to date from the Eem interglacial. See text. 1. Eem find, fresh
water diatoms. 2. Eem find , salt-water diatoms. 3. Distribution of Littorina-sea species. 4. L I-isobases. 
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Tynni 1979), or a parallel to it can be found in 
Zone c ofthe Leveäniemi sequence (Roberts
son 1971). 

The abrasive action of the ice sheet was 
apparently stronger in the Vimpeli area than 
in some other localities in South Finnish 
Bothnia (= Etelä-Pohjanmaa), where till
covered soft sediments are known to exist in 
abundance. The observations made at the 
Ryytimaa quan'y indicate that only the sedi
ments occurring in protected places escaped 
the erosive effects of glaciation, the Ryytimaa 
find, contained in a bedrock fracture, being a 
typical example. 

On the basis of diatoms met with in the 
lodgement till , there is reason to suppose that 
the Eem sea extended as far as the area und er 
discussion . If one accepts the premise that 
the trend of land uplift following the Saale 
glaciation ran roughly parallel, at least on 
broad lines , to that following the Weichsel Ice 
Age, one can in theory draw a parallel also be
tween the Eem maximum and the Littorina 
maximum at such points of observation as 
have yielded diatoms indicating Eem salinity 
(Fig. 12). Such points include Kyyrölä, on the 
Karelian Isthmus (Sokolova, Malyasova, 
Vishneskaja & Lavrova 1972) , where the level 
of the Eem sea on the Littorina + 10-meter 
iso base must have been on the order of 10 - 20 
m above pres nt sea level, and Rouhiala 
(Brander 1937), on the + 20-meter iso base, 
55 - 60 m. According to Tanner (930), the 
Eem transgress ion in the region of Archangel 
was over 70 m. It may be roughly estimated 
that the level of the Eem sea was approxi
mately 2 x the highest Littorina level. Situ
ated in the Vimpeli area, this would signify an 
Eem elevation of approximately 180-200 m 
in relation to the present sea level. Fitting the 
picture produced according to the foregoing 
theoretical model quite weIl are the pre
viously presented observations offormations 
interpreted to be Eem sediments, such as 
Evijärvi (Eriksson, Grönlund & Kujansuu 

3 

1980), Norinkylä and Rova (Niemel? & Tynni 
1979) as weIl as Siurunmaa, as described from 
Finnish Lapland by Tynni (in print). On the 
other hand , only fresh-water diatom flora 
have been met with at the site of the Oulai
nen find, wh ich is distinctly below Littorina
level. It should be emphasized, however, that 
the data at our disposal on the amount ofland 
settlement and the progress of land uplift 
during the Eem interglacial are very scanty. 

Judging by the Vimpeli deposit, it would 
seem that the Finnish Eem maximum takes 
its place somewhere in the neighborhood of 
the temperature optimum , when the spruce 
became a common species in the region. In 
the Kyyrölä strata sequence (Sokolova, 
Malyasova, Vishnevskaya & Lavrova 1972), 
the spruce occurs throughout the marine 
interglacial stage, or earlier than the post
glacial period. The explanation for this m ight 
be the occurrence of a more continental cli
mate then than after the Weichsel Ice Age. 

Pointing in the same direction are the ob
servations made at Norinkylä (Niemelä & 
Tynni 1979), provided that the layer sequence 
of the sediments has remained in its original 
state on the site ofthe find . In the Norinkylä 
series, the saline Eem stage does not emerge 
until after the general spread ofthe spruce. In 
the sequence of strata at Evijärvi (Eriksson, 
Grönlund & Kujansuu 1980), which has been 
interpreted to date from the Eem interglacial, 
the temperature maximum , the occurrence of 
the spruce and the marine stage overlap, but 
the colder initial part ofthe interglacial seems 
to be missing from the series . 

The views of Zans (936). Brander 0937b) 
and Lavrova (961) are in accord in that they 
regard the Eem transgression - the Mga 
transgression, according to Lavrova - as hav
ing taken place during the temperature opti
mum. Tanner (930) disagreed with this con
ception: he believed that the Eem transgres
sion took place as early as the beginning of 
the interglacial. 
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Table 1. Vimpeli , Ryytimaa 1980 

Sort of the sampies lithostratigra-
phy of the 
deposit 

biozone 

depth , cm 

Trees: type 01' remains 
BetuLa penduLa f , fs 
B. pubeseens f, fs 
B. sp. f 
Picea abies ne 
Pinus syLvest'ris ne, C, b. w 

Shrubs: 
Betula naua f. fs 
Juniperus communis s 
Myrica gau, d 
SaLix sp. bs 

Dwarf·shrubs: 
Andromeda poLifoLia 
A rctostaphyLos aLpina c 
A. uva-ursi e 
Dryas octopetaLa ( cf.) I 
Empetrum nig71tm e 
PhyUodoce caemu,a e, ('3 

Share and marsh plants: 
CaLtha paLustris 
eares canescens bnw.nescells n.u 
Ci. riporia n.u 
C. Tostrata n.u 
C. aquatiLis-type n 
C. sp. n 
Eu,ocharis paLustris coLL. n 
Eriophonnn. sp. n 
Filipendula ulmaria 
Lycopus eUTopaeus n 
Mentha arvensislaquatica n 

Profile 2. SampIes 
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M enyant hes trifoliata 
Potentilla palustns 
Thalictrum lucidum 
Viola palustris 

Aqu atic p lants: 
Batmchium sp. 
H ippuris vulgaris 
1 soetes lacust ris 
Nuphar lutea 
Potamogeton alpinus 
P. beTchtold ii 
P. gramineus 
P . natans 
P . perfoliatus 
Scirpus lacustris 
Spa1'ganium e111ersum 

Mi scellan eOll S p lan t 5: 

F1'agaria v esca 
Luzu la sp. 
Polytrichum cf piliferum 
Rume:r acetoseUa s. la t. 
R. s. 
Selaginella selaginoides 
Bryidae 
Sphagnidae 
macrospo res (indet .) 
sp.1 . 
spp. 

Ti ssues: 
delicate t issue fragm ent s 
wood 

AnimaJs: 
Bryozoa (cf. C"istate lla) 
b eetles 

F ungi: 
Cenococcum Q1"anijonne 
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Abbreviations: a = ach enc, b = ba rk, bs = bud scale. ca = capsu le rragm ents. c = cone, d = drupe, e = enctocalp, f = fmit, f1 = fl owers. fs = fruit scale. 1 = leaves. n = nutlet, ne = needles. = 
s = seeds, spo = spores (macrospo res), spr = macrosporangiu m wall o f Selaginella , sb = statob lasts , Sla = stamen s. s t = sterns. u = utricle o f' CaTf~x:, w = waod . F requencies. when not COUIl- ~ 
tab le: + same, ++ frequent, + ++ cop ious. Nomenclature follows t hat of Hämet-Ahti ct al. 1980. 
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Table 2 

Diatom flora of R yytimaa till (a = separate sampie 6), drift peat (b = upper part of 
Profile 2) and silt deposit (c = lower part of Profile 2). 

a b c 

f-w , s Achnanthes jlexeLLa (Kütz.) Grun . x x 
A . LanceoLata (Breb.) Grun. x 
A. LanceoLata v. elliptica Cl. x x 
A. Lapponica Hust. x 
A . Linearis (W. Sm.) Grun. x 
A. östrupii (A. Cl.) Hust. x 
A. suchLandti Hust. x 

mesoh. pol. ActinocycLus eh7'enbergii v. minuta x 
polyh. A. kützingii (A. S .) Sim. x 
f-w , s 1 Amphora ovaLis Kütz. x x x 

A. ovaLis v. pedicuLus Kütz. x x 
A. perpusifLa Grun. x 

f-w , mesoh. A. veneta Kütz. x 
f-w, s 1 CaLoneis baciLLum (Grun.) Meresch. x x 

C. siLicuLa (Ehr.) Cl. x x 
C. siLicuLa v. t7'uncatuLa Grun . x 
C. siLicuLa v. tumida Hust. x 

f-w, bl CampyLodiscus hibernicus Ehr. x 
polyh. Chaetoceros mitra (Bail.) Cl. x 

C. sp. x 
f-w , s 1 Cocconeis pLacentuLa Ehr. x 
polyh. Coscinodiscus sp . x 
f-w , s 1 CycloteLLa antiqua W. Sm. x 

C. comta (Ehr.) Kütz. xx x 
f-w , bl C. iris Brun x x x 
f-w, s 1 C. kützingiana Thw. x 
f-w , b I? C . omarensis (Kuptz.) L os. et Makar. x x 
f-w, s 1 CymbeLLa ajjinis Kütz. x x 

C . aspera (Ehr.) Cl. x x 
C. behrei Foged x x 
C. cuspidata Kütz. x x 
C. cymbijormis Ag. x x 
C. cymbijormis v. nonpunctata Font. x 

f-w, b 1 C . ehrenbergii Kütz . x 
f-w, s 1 C. hustedtii Krasske x x 

C. Leptoceros (Ehr.) Grun. x 
C. prostrata v. aue7'swaLdii (Rabh.) Reim. x 

f-w, b 1 C . sinuata Greg. x 
f-w , s 1 C. turgida Greg. x 

C. ven t7'icosa Kütz. x 
DenticuLa tenuis Kütz. x 

f-w , b 1 DipLoneis dombLittensis (Grun. ) Cl. x 
D. eLLiptica (Kütz.) Cl. x 

f-w, s 1 D. jinnica (Ehr.) Cl. x x 
D. jinnica v . clevei (Font.) Hust. x x 
D. ovaLis (Hilse) Cl. x x 
D. ovaLis v. obLongeLLa (Naeg.) Cl. x 
Epithemia sorex Kütz. x x 
E . ze bra v. porceLLus (Kütz.) Grun. x x 
Eunotia diodon Ehr. x 
E.jaba (Ehr.) Grun. x 
E. jormica Ehr. x x x 
E . Lapponica Grun. x 
E. Lunaris (Ehr.) Grun . x 
E. meisteri Hust. x 
E . mono don Ehr. x 
E. paraLLeLa Ehr. x 

polyh. = polyhalobes; mesoh. pol. = mesohalobe-polyhalobe; f-w = fresh-water dia-
toms; b 1 = b ig lake; s i = s malliake. 
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a b c 

f-w, s E. pectinalis Rabenh. x x 
E. pectinalis v. mino1' (Kütz.) R. x 
E . pectinalis v. ventralis (Ehr.) H. x x 
E . polyglyphis Grun. x 
E. praerupta Ehr. x x x 
E. praerupta v. bidens (W. Sm.) Grun. x 
E. praerupta v. inflata Grun. x 
E. robusta v. diadema (Ehr.) Ralfs x 
E. robusta v. tetraodon (Ehr.) R. x 
E. sudetica O. Müller x x 
E. teneHa (Grun.) Hust. x 
E. valida Hust. x x 
E. veneris (Kütz.) O. Müller x 
Fragilaria brevistriata Grun. x x 
F. construens (Ehr.) Grun. x x 
F. construens v. binodis (Ehr.) Grun. x x 
F. construens v . subsalina Hust. x x 
F. construens v. venter (Ehr.) Grun. x x 
F. lapponica Grun. x 
F. leptostauron (Ehr.) Hust. x 
F. pinnata Ehr. x x 
F. pinnata v. lancettula (Schum .) H ust. x 
Frustulia rhomboides v . amphipL Grun. x x 
F. rhomboides v. saxonica Rabenh. x 
F. vulgaris (Thw.) De Toni x 
Gomphonema acuminatum Ehr. x x 
G. acuminatum v. coronata (Ehr.) W. Sm. x x 
G . angustatum (Kütz.) Rabenh. x x 
G. constrictum v. capitata (E hr.) Cl. x 
G.olivaceoides Hust. x 
G. teneHum (Kütz.) Hust. x x 

mesoh. pol. Grammatophora oceanica (Ehr.) Grun. x 
f-w, s 1 Gyrosigma acuminatum (Kütz.) Rabenh. x x 
f-w, bl G . attenuatum (Kütz .) Rabenh. x 
f-w Hantzschia spectabilis (Ehr.) Hust. x 
mesoh. pol. HyaLodiscus scoticus (Kütz .) Grun . x 
f-w, s 1 Melosira ambigua (Grun.) O. MülL x 
f-w M. arenaria Moore x x x 
f-w, s M. distans (Ehr.) Kütz. x x x 

M. distans v . lirata (Ehr.) Bethge x 
M. distans v . pfaffiana (Reins .) Grun. x 

f-w, bl M. islandica O. MülL x 
M. isLandica ssp. heLvetica O. Müll. x x 
M. isLandica ssp. helvetica rest. sp. x x 

f-w, s M. itaLica (E hr.) Kütz. x 
f-w M. i. ssp. subarctica v. valida (Gr.) x x x 
f-w, s NavicuLa americana Ehr. x 

N. anglica Ralfs x 
N. atomus (Kütz .) Grun. x 
N. clementoides Hust. x 
N . cuspidata Kütz. x 
N . dicephaLa (E hr.) W. S m . x x 

f-w N. hungarica Gru n . x 
N . jaag ii Me ister x 

f-w, s N. minima Grun. x 
N. peHicuLosa (BrE~b.) Hilse x 
N. pseudoscutiformis H ust. x 
N. pupuLa Kütz. x 
N. pupula f. rectangularis (Greg.) Grun. x 
N . pupuLa f. rostrata Hus t. x 
N . pusio Cl. x 
N. schönfeldii H ust. x x 
N. scutiformis Grun. x 
N . seminuLum Grun . x x 
N. vulpina Kütz. x x 
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a b c 

f-w, s Neidium bisulcatum (Lagers.) Cl. x 
N. hitchcockii (Ehr.) Cl. x 
N. iTidis (Ehr.) Cl. x 
Nitzschia angustata (W. Sm.) Grun. x 
N. denticulata Grun. x 
N. gTacilis Hantz. x 
N. sigmoidea (Ehr.) W. Sm. x 
OpephoTa mm·tyi H erib. x 
PinnulaTia dactylus Ehr. x 
P. diveTgens W. Sm. x 
P. esox Ehr. x 
P. gentilis CDonkin) Cl. x x 
P. gibba Ehr. x x x 
P. gibba f. linem"is Hust. x 
P. km·elica Cl. x 
P. macilenta (Ehr.) Cl. x 
P. polyonca (Bn§b.) Cl. x 
P. ViTidis (Nitz .) Ehr. x x 
P. ViTidis v. sudetica (Hilse) Hust. x x 

mesoh. pol. Rhabdonema m"Cuatum (L yng.) Kütz. x 
f-w, s 1 Rhopalodia gibba (Ehr.) O. Müll. x 

StauTOneis anceps Ehr . x 
S. phoenicenteTon (Nitz .) Ehr. x x 
Stephanodiscus astTaea v. minutula (K)Gr. x 
SUTiTella sp. x 
SynedTa ulna (Nitz.) Grun. x x 
TabellaTia jenestmta (Lyng.) Kütz. x x x 
T. jlocculosa (Roth) Kütz. x x x I TetTacyclus emaTginatus (Ehr.) W. Sm. x 
T. lacust1"is Ralfs x x x 
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a 

Sem 

a, cones and bark of Pinus syLv estTis from Ryytimaa site. Note the different degrees of ripens and 
erosion of the cones, b, wood sam pIes from the drift peat on Ryytimaa siie. On the Ieft, a sam pIe 

anatomically determined as Pinus syLvestTis. Photo Mauri Korhonen. 
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Dwarf-s hrubs , shrubs and trees from Ryytimaa site. a - c, PhyUodoce coerulea. a, recent leaf for com
parision, b , subfossil leaf, c, tip of subfossil leaf with typical marginal teeth of this ericoid leaf, d - e, 
Arctostaphylos alpina, d, subfossil , e, recent endocarp, f - h , Arctostaphylos uva-ursi, f, subfoss il, g - h , 
different recent types of endocarp forms, i, Empet7·um nigrum, four s ubfossil endocarps from Profile 2, 
sam pie 170 - 160 cm, j , leaf fragments from 170-160 cm, Profile 2, some belong to Dryas octopetala (cf. , 
also Fig. 7), k - I, Myrica gale, k, differently worn drupes with adnate bracts, I, drupe without bracts, 
all subfossil. m , Juniperus communis, four subfossil seeds, n -0, Pinus silvestris , n, tips of subfossil 
leaves, 0 , bases and nanoshoots of pine needles, p , leaf tip of Pinea excelsa from Profile 2, 20-10 cm 

sam pIe, q, fruit of Betula nana. 
Black lines in all photos are 1 mm, showing the magnification. 

All photos by Kalevi Hokkanen. 
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a - b, Lycopus eUTOpaeus, a, recent nutlet, both ventral and dorsal views, b , subfossil nutlet from Ryytimaa 
Profile 2, 20 - 10 cm, c - f, ThalictTum lucidum, c, d , e , subfossil achenes, f, two recent achenes for 
comparision (note the different scale in cl , g, Menyanthes tTijoliata, subfossil seed, h - i, Filipendula 
ulmaTia, h, re cent, i, subfossil seeds, j, Mentha aTVensis laquatica, subfossil achene, k, FTagaTia vesca, 
subfossil seed, 1, Potentilla palustTis, two subfossil achenes, m, Viola palustTis, two subfossil seeds, 

n, SpaTganium emeTsum, two subfossil endocarps, 0, Caltha palustris, .two subfossil seeds. 
Black !in es in all photos are 1 mm, showing t he magnification. 

All photos by Kalevi Hokkanen. 
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• 
• a - c, e , Carex riparia, a - c, subfossil fruits with utricle, e, subfossil fruit with utricle on the left, four 

nutlets without utricle on the right hand, d, Carex sp. , of distigmae type, f - g, Carex rostrata, f, 
subfossil fruit with utricle, g, subfossil nutlets without utricle, h, SelagineLla selaginoides, half of a 
subfossil macrosporangium wall i , Polytrichum cf. piliferum. subfossilieaves from Profile 2, 90 - 80 cm, 
j, Isoetes lacustris, macrospores, k, Ranunculus, sec. Batrachium, subfossil endocarp, 1- p, Potamogeton 
endocarps, 1, P. perfoliatus, m , P. gramineus, n, P. berchtoldii, 0, P. alpinus, P. natans (cf. , Aalto 1970) 

g, Carpolithus sp., Profile 2, 20 - 10 cm, r, B1'yozoa, (cf. Cristatella), subfossil statoblasts. 
Black lines in all photos are 1 mm, showing the magnification. 

All photos by Kalevi Hokkanen. 
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1. Melosira arenaria, 2- 5. M. italiea ssp. subaretiea var. valida, 6. M. italiea, 7. Cyclotella omal'ensis, 
8. Tetracyclus lacustl'is, 9. Navieula schönfeldii, 10. Cymbella behl'ei , 11. spicule of sponge. Silt and 

drift peat deposit in Profile 2 at Ryytimaa. 
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1. Actinocyclus ehrenbergii var. minuta, 2. Coscinodiscus sp. , 3. Chaetoceros sp. (? mitra), 4- 5. Cyclotella 
oma1'ensis , 6. Chaetoceros sp., seta fragment, 7. Rhabdonema arcuatum, 8. Diploneis domblittensis, 

9. Navicula dicephala, 10. Chaetoceros sp .. Basal part of till at Ryytimaa. 
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