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Samples from a 33.3 m deep borehole of early Flandrian clay in Somero,
south-western Finland, were studied. The thick clay, although similar in
origin to the varved clays in the area, is here without clearly developed varves.
Pollen analysis showed that most or all pollen was redeposited Eemian pollen,
also representing the Eemian climatic optimum, and the diatoms confirmed
the marine origin of the redeposited clay. The Somero clay, together with
carlier finds of marine Eemian clay in the south-eastern parts of Fennoscandia,
as in Rouhiala, Karelia, prove that southern Finland was more submerged
during the climatic optimum of the Eemian interglacial than during the Litorina

Sea period of the Flandrian.
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In the summer of 1967 the Geotechnical
Laboratory of the State Institute for Technical
Research, Otaniemi, carried out investigations
of the Pleistocene deposits in the Somero area,
south-western Finland, under the direction of
Gardemeister. In connection with these investi-
gations two borings were made through the
thick clay deposits in the area to determine the
structure of the sediments. A piston sampler
was used, which took 5 cm cores, 70 cm or less
in length. The first borehole, at an altitude of
92.3 m, was 13.8 m deep (A in Fig. 1) and the
second, B, at 87.3 m was 33.3 m deep. The degree
of overconsolidation, the presence of a pollen
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flora with relatively high percentages of Corylus
and trees representing mixed oak forest, at an
altitude well above the upper limit of the
Litorina Sea, and the presence of some diatoms
not found in Late Weichselian or Flandrian clays
in Finland, led Gardemeister (1968 a, 1968 b)
to conclude that the lower parts of the clays
probably are interglacial and the upper parts
redeposited and partly mixed interglacial clays.
The main emphasis in Gardemeister’s work was
on the geotechnical properties of the clay and,
therefore, the cores from borehole B were used in
the present work for a more detailed pollen
analysis. Additional samples were taken by
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Fig. 1. Map showing sites studied in the Somero area. A and B, borcholes sampled in 1967; 1
and 2, sections studied in 1969.

J. J. D for comparison of the varved clays in the
Somero area in the summer of 1969 (Section 1,
Fig. 1)

The stratigraphy in borehole B down to
27.5 mis shown in Fig. 2 with the pollen diagram.
Dark grey, lighter grey and pink layers of clay
alternate irregularly in the cores, the differences
being more distinct in the lower parts. Below
19 m depth there are deformed parts, between
undisturbed layers, in which the pink and dark
grey clays are contorted and brecciated, without
clear folds or signs of truncation. The varved
clays in the clay pits in Somero have similar
differences in colour as the clay in borehole B.
The 10—15 cm thick lower varves in the two
clay pits studied (1 and 2 in Fig.1) have summer

layers of pink clay grading into dark grey winter
layers, each varve being clearly separated from
the next varve. Thus, already on the basis of the
colour changes it can be assumed that the clays
in borehole B represent varved clays but that
there were disturbances in the deposition of
these clays and that the varves, therefore, were
not fully developed. Boreholes A and B with the
thick clays lie in a straight valley in a north-west
south-easterly direction, probably being a frac-
ture zone of the bedrock. The lakes Kirkkojirvi
and Hirsjirvi and the river Someronjoki lie in
this valley and a row of short esker ridges is also
found near these lakes. The thick clays were
formed in the narrow valley immediately outside
the retreating ice margin and immediately after
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Fig. 2. Pollen diagram for clay from borehole B (1967) and varved clay in section 1 (1969)

from Somero (see Fig. 1); pollen of trees and shrubs (anal. J. J. Donner). Stratigraphical sym-

bols: black, pink clay (= summer layer); ruled, light grey clay; white, dark grey clay. Waves show

contorted and brecciated layers. Black bars in pollen diagram represent pink clay, white bars light
y grey or dark grey clay.

the formation of the esker. It is natural that the
thickest clays are found near the esker and in
the valley, but it is also here that disturbances
in the sedimentation of the clays occur. Some
may have been caused by turbulence in the water
flow near the esker but disturbances may also
have been caused by subaqueous sliding, similar
to that described by van Straaten (1949) in
varved clays in eastern Finland, or by later

compaction. Further away from the valley and
esker, in slightly more shallow water, the present
altitude being between 90 and 100 m, the
deposited clays, which must have been formed
at the same time as those in the wvalley, are
thinner and clearly varved.

A comparison with the varved clays earlier
studied by Sauramo in the Somero area shows
that the varved clays in the two pits approxima-
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tely represent the years 200 to --300 in
Sauramo’s (1923) chronology, which means,
if +0 in his chronology is correlated with the
latest revised dating of the last drainage of the
Baltic Ice Lake in Sweden, z.e. 8213 B.C.
(Nilsson 1968, Donner 1969 a), that they were
formed in early Flandrian time about 8 000—
7900 B.C. or 10 000—9 900 B.P. At this time
the water level was in this area at about 130—
140 m (Donner 1964, 1969 b), which means
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Fig. 3. Pollen diagram for clay from borehole B (1967)
and varved clay in section 1 (1969) from Somero; non-tree
pollen and spores (anal. J. J. Donner).

that the varved clay now at an altitude of 90—
100 m was deposited in 30—50 m deep water and
the thick clay deposit in borehole B, assuming
its age to be the same, in 70—80 m deep water
when the lower parts were formed and the upper
parts in 40—50 m deep water. It can thus be
concluded that the about 30 m thick clays in
borehole B, most likely deposited at the same
time as the varved clays of the clay pits on
higher ground, were deposited in deep water in
about one hundred years. The deposition of such
thick clays in a short time is, however, restricted
to the narrow valley near the esker and therefore
exceptional. The rapid deposition is clearly
reflected in the pollen diagrams (Figs 2 and 3)
in which there are no significant differences
between the samples from different depths.
In Fig. 2 the percentages are based on the
number of pollen of trees and shrubs, all drawn
separately. The total diagram including all
pollen shows the QM curve, including Corylus,
Ulmus, Quercus and Carpinus, trees, shrubs and
non-tree pollen (NAP). The pollen sum is given
for each sample as well as the number of tree
pollen (AP) per slide, the cover glass being
24 x 32 mm. As about the same amount of
material was used for each sample and all were
treated with HF the number of tree pollen per
slide gives a rough measure of changes and
differences in pollen concentration, especially
between the pink clay on one hand and the dark
grey or light grey clay on the other, as seen in
the diagram. As the pink clay has a greater pollen
concentration than the grey the number of
pollen counted was greater than in the grey clay.
Therefore the mean number of taxa found in the
pink clay, 13.75, is slightly higher than the mean
for the grey clay, 13.13, the total number of the
taxa in the diagram being 31. There is, however,
no significant difference in percentages or pollen
composition between the two different clays in
the profile, which is dominated by Bet#la, but in
addition to Pinus, has Alnus and Corylus strongly
represented. Picea is present in many samples,
Abies in a tew. Ulmus and Quercus occur irregu-



larly as well as Carpinus. Of the shrubs Ephedra
distachya was found in one sample, as well as
Hippophaé, wheteas Juniperns pollen was found
in several. The percentages in the NAP diagram
(Fig. 3), also giving the spores, were based on
100 tree pollen because the amount of NAP of
the total amount of pollen was low, 4—17 9,
throughout the diagram, as seen in Fig. 2. No
pollen of aquatics was found in any of the
samples. A comparison of the pollen composition
of the clays of borehole B formed immediately
after 10 000 B.P. with the pollen composition
of Cti-dated eatly Flandrian organic sediments
in southern Finland (Salmi 1963, Donner 1963,
1967; Repo and Tynni 1969), which regularly
are dominated by Besu/a but in addition have
only Pinus pollen, apart from occasional occur-
rences of other tree pollen, makes it clear that
all or most pollen must be redeposited from
older sediments. Further, the percentages of
Corylus are higher than in any Flandrian sedi-
ments from southern Finland and Carpinus is
hardly ever found in Flandrian sediments. The
pollen assemblage must therefore be considered
to be interglacial, as concluded by Gardemeister
(1968 a, 1968 b). The Betula-dominated forests
of the Early or Middle Weichselian interstadials
demonstrated in northern Finland (Korpela
1969) and central Sweden (Lundqvist 1967) can
not have produced the pollen assemblage found
in the Somero clays. In Figs 2 and 3 the results
of the pollen counts from a few bottom varves
from the clay pit in section 1 (Fig. 1) are also
given. The pollen composition is similar to that
found in borehole B and the difference in pollen
concentration between the pink summer layer
and grey winter layer is also here clear and
confirms the conclusion that the clay material
in borehole B comes from the same source as the
clay with clearly developed varves and that the
different layers in borehole B represent disturbed
annual varves.

If all or most of the pollen in the clays studied
is redeposited interglacial pollen the clear
difference in pollen concentration between the
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pink summer layers and the grey winter layers
has to be explained. The mean value for AP per
slide in the Somero 1967 profile in Fig. 2 is for
the pink clay 58 and for the grey clay 19, i.e.
about a third of that in the summer layer. This
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Fig. 4. Percentages of the grain size fractions in three
bottom varves from section 1 in Somero (anal. A. E.
Kuusisto). S, summer layer; W, winter layer, numbered
from base to top. The particle size range, corresponding
to the calculated settling velocity of Befula pollen grains,
is also shown in the diagram.
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difference would seem natural if the pollen were
produced at the same time as the clay was
deposited. Then the summer layer, of which the
first part represents the first melting in the spring,
would be expected to contain more pollen than
the winter layer. To elucidate the relationship
between the pollen sedimentation and the
formation of varves three varves from section 1
(Fig. 1) were more closely studied. The lower-
most varve analysed corresponds to the upper
of the two varves pollen analytically studied and
shown in Fig. 2. The results of the grain size
analysis, in which Andreasen’s pipette analysis
was used, is shown in Fig. 4. A diagram is given
for each of the three varves. The percentages
for the different fractions of the pink summer
layer is given with a full line (S) and for the
different parts of the grey to dark grey winter
layer with broken lines, numbered from below
(W1, W 2, and in one varve W 3). In the two
top varves there is clearly more clay, around
60 9,, in the winter layer than in the summer
layer, whereas in the lowermost varve there is no
difference. In all three varves, however, the
pink summer layer contains clearly more medium
silt (0.02—0.006 mm) than the winter layer. By
experimentally observing the settling velocity
of Betula pollen grains in sea water Fries (1951,
p. 107—108, see also Jerbo 1965) obtained a
value of 0.6—4 cm per minute, the lower value
being caused by the time it took for the settling
to begin. Pinus pollen showed a much slower
velocity. If Stokes’ law, on which the pipette
analysis is based, is used the velocity determined
by Fries for Betula is equivalent to the settling
velocity of clay particles of 0.0108—0.0273 mm
with a specific gravity of 2.6. This particle size
range, corresponding to the settling velocity of
Betnla pollen grains, is also shown in Fig. 4. The
comparison shows that the settling velocity of
Betula pollen grains, which form the main part
of the pollen grains found in the Somero clays,
is the same as that for medium silt. Therefore,
as the summer layers contain clearly more me-
dium silt than the winter layers it is natural that

they also contain more Betula pollen, as well as
other pollen. The mean value for AP per slide
was in the Somero 1967 (borehole B) profile 58
for the summer layers and 19 for the winter
layers, and a similar difference was found in the
varves pollen analytically studied (Somero 1969,
Fig. 2). It thus seems already from these calcula-
tions as if the difference in pollen concentration
between the summer and winter layers was only
caused by the relatively rapid settling of most
of the pollen grains together with most of the
medium silt already during the summer. Most
of the finer clay particles settled later in the
winter and formed the grey layers. The fact that
the settling velocities determined by Fries for
pollen grains were determined for sea water does
not alter these conclusions.

In order to test the validity of the above-
mentioned conclusions about the sedimentation
of pollen in varved clays a varve was artificially
produced in the laboratory. 10 g of air-dried
pink clay from the lowermost summer layer
of one of the thick bottom varves from section
1 was mixed with 10 g dark grey clay from the
winter layer and dispersed in alchohol by using
a mixer. The suspension was poured into a
perplex 54 mm cylinder which was sealed at the
bottom with a cork. The depth of the liquid was
at the beginning 340 mm. After two weeks the
clay material had formed a 5 mm thick »varve»
and the remaining clear liquid, of which in two
weeks time about 3/4 had evaporated, was
removed. The varve, which had settled on the
sealing cork, could be removed with the cork
and sampled after it had partly dried. Two
samples 2.5 mm thick were taken from this
artificial varve, one from the top »winter» layer
and the other from the lower »summer» layer
with coarser material. The dry weight was 0.66 g
for each sample. They were treated with HF,
after which 5 pollen slides were made from the
remaining material of each sample. The total
amount of tree pollen found in the two equally

big samples was the following:
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The clear difference in pollen concentration
between the coarser »summer» layer and the
finer »winter» layer confirms the conclusion
that the greater pollen concentration in the lower
summer layers of annual varves is caused by the
rapid settling of the pollen grains, the velocity
being the same as for medium silt. No significant
differences in settling velocity of the different
pollen taxa can be demonstrated in the artificial
varve, which agrees with the results from the
Somero varved clays. Thus, there is in the
present investigation no indication of Pinus and
Picea pollen grains settling more slowly than
pollen grains of other trees. This may be because
the pollen grains were already dispersed together
with the clay and silt material in the water before
deposition, whereas in cases where the pollen
grains are produced by the vegetation surround-
ing the basins in which the sediments are formed
the grains float on the water surface for some
time before sinking. Differences in the capacity
to float may thus cause a slower settling of for
instance Pinus pollen grains than Besula pollen
grains and in this way the observed unequal
distribution of these grains in the sediments.

From the pollen composition in the Somero
clays it was concluded that all or most pollen
is redeposited from interglacial deposits and
that the greater pollen concentration in the
summer layers is caused by the settling velocity
of the pollen grains. At the time of the formation
of the Somero clays outside the retreating ice
margin most of south-western Finland was
submerged and the pollen production from the
vegetation of the emerged islands along the
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coast at this time must have had a negligible
effect if any on the pollen composition of the
Somero clays. At most some Befula pollen grains,
some pollen of Juniperus and Salix together with
some NAP, may be from the early Flandrian
vegetation in this area. Pollen grains representing
this first plant cover in south-western Finland
can not, however, be separated from the others
because all pollen taxa may equally well represent
an earlier interglacial vegetation. Some pollen
grains may be found in the Somero clays because
of long distance transport from areas further
south. The low pollen concentration in the clay,
particularly in the winter layers, makes such
occurrences more likely. Therefore, the presence
of Ephedra in one sample from a winter layer
(Fig. 2) may represent long distance transport,
as has been suggested for the other early
Flandrian occurrences of Ephedra in southern
Finland (Donner 1967), but as it is also found
in interglacial deposits,as for instance from Mga
near Lenigrad (Gross 1967), it may equally well
be redeposited. Studies in other areas with
varved clays formed in surroundings different
to those in Finland have led to the conclusion
that all or most pollen is redeposited, as first
shown by Iversen (1936) in Denmark and later,
for instance, by Davis (1961) in Massachusetts.
The pollen grains were generally well preserved
in the Somero clays, but a comparatively large
proportion, 17—37 9, of the tree pollen grains
in the varves counted from section 1, were
deteriorated, some corroded, which has also been
noticed in redeposited pollen grains elsewhere
(Cushing 1964).

As all or most of the pollen in the Somero
clays is interglacial, an Eemian age for at least
most of it seems most likely. The diatoms
studied by Tynni and discussed in Appendix 1
show that the clay is a redeposited marine
sediment, which explains the total absence of
any pollen grains of fresh water plants in the
samples. In a comparison of the mean tree pollen
percentages in the studied Somero clays (Table 1)
with the mean percentages of some of the
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TABLE 1

Pollen composition (percentages of total tree pollen) of the Somero clays compared with that of Weichselian till,
Eemian clay and some Flandrian deposits

Clay from Varved clay, Lower Weich- Eemian matine Flandrian peat & Flandrian clay
borehole B, section 1, selian till in clay, Rouhiala mud (Sauramo) (Mélder 1946,
Somero 1967 Somero 1969 C. Ostrobothnia (Brander 1937) 1958, Fig. 61), Diagr. 1), zones
(Heinonen 1957) zones IV—IX IV—IX &
VI—VIII
VS vomwins st e o 0.2 -— — — — s —
RICERT i il e s s e 1.6 1.2 6 — 6.5 1.7 1.2
BOHES. & Sxr st T s 14.1 12.3 18 T 32.0 56.5 46.9
Betla, oo s s e 62.1 67.2 61 11 44.7 27.3 32.4
AR s s s dilaaib e s 10.5 10.0 12 52 9.9 10.7 14.2
COYIls s s omiine o8 s 8.7 7.3 2.5 27 4.1 0.9 1.2
G e Mriiasdee st 0.5 0.3 0.4 1 155 1.5 2.3
N6, 7715 e S 1.0 Lo 0.1 1 0.2 0.2 0.5
TG v sninisimmennsem o — — + — 1.1 1.0 1.5
CarPINLS vt sovpmio s e 1:3 0.7 + 1 — — —
100.0 100.0 100.0 100 100.0 99.7 100.2
DM 2. s s 11.5 02 3.0 30 6.9 3.5 5.5
Shrubs siiasscpmisie ssmes 2.5 3.2 1 23,5 incl.
N e 11 14 f =% AquP

Weichselian tills studied by Heinonen (1957),
in for instance Central Ostrobothnia, a striking
similarity in the pollen content is found. On the
other hand, in comparing the above-mentioned
means from Somero and the Ostrobothnian tills
with the means calculated for two Flandrian
pollen diagrams, one from peats and muds in
Pusula, not far from Somero (Sauramo 1958)
and the other from Tervajoki in Ostrobothnia
(Molder 1946), some differences can be observed.
The Flandrian sediments have, even if the mean
is based only on the samples for the climatic
optimum, zones VI—VIII, higher percentages
for Pinus and lower percentages for Corylus than
the Somero samples. Further, the Flandrian
diagrams have a mean of 1.0—1.5 9, for Tilia
whereas the Somero samples and the till samples
cither lack 77i/ia altogether or only have occa-
sional occurrences of 7i/a pollen grains.
Carpinus, on the other hand, is present in the
varved clay and the till samples but absent from
the Flandrian profiles in Finland. The similarities
between the pollen composition of the Somero
clays and of known Eemian deposits and tills
containing Eemian pollen is obvious. The reason
why it is possible to separate an Eemian pollen
flora from a Flandrian in the Baltic area is that

the Eemian vegetational history, as reflected in
the pollen diagrams, differs from the Flandrian.
In Eemian diagrams from the Leningrad area
(here the Mikulino interglacial), as in the
diagrams from Jukki (personal communication
by E. S. Maljasova) and Mga * (see Gross 1967),
from Estonia, as in a diagram from Réngu near
Tartu (Thomson 1941), and from Denmark
(Andersen 1965), there is throughout the whole
area a marked Cuarpinus maximum, zone g, after
a Corylus maximum, zone f (for Eemian zoning
see Jessen and Milthers 1928, Hansen 1965),
unlike Flandrian diagrams. 77/a, on the other
hand, is less frequent. It can also be noted that
Abies, which occurs in a few of the samples from
Somero, is not usually present in Flandrian
diagrams. As seen, the pollen composition found
in the redeposited clays in Somero indicates that
the Eemian vegetational history in southern
Finland was similar to that in the areas mentioned
above.

When most or all pollen grains and diatoms

* The pollen diagram from Mga is clearly an Eemian
diagram (Gross 1967) and the two radiocarbon dates
obtained for samples Le-56 and Le-57 giving the ages
36 500 + 100 B.P. and 47 400 + 1 400 (Arslanov 1968)
are not conclusive proof for an early or middle
Weichselian age for these deposits.



in the Somero clays are redeposited Eemian
fossils it is most likely that the clay and silt, in
which these microfossils are found and together
with which they settled, is also Eemian, or
possibly even older. A partly preglacial or
interglacial origin for the Finnish glacial clays
and silts has been suggested by particularly Soveri
(1956) in discussing their mineralogical compo-
sition. If the glacial clays and fine material in the
till were foremost rock powder from the Weich-
selian glaciation they would not contain pollen
and diatoms. Thus, the till in the Weichselian
ice sheet must have formed from a mixture of
new material from the underlying bedrock and
of different Eemian sediments, including clays
containing pollen and diatoms. It is less likely
that clays were separately included in the ice and
later redeposited. From this till the clays were
washed out and deposited, and the remaining
fine fractions in the till has a similar Eemian
pollen composition (Heinonen 1957) as the clays
unaffected by the pollen rain from the Late
Weichselian or early Flandrian vegetation, as are
the thick clays at Somero. These are, however,
unique because of their pure Eemian pollen
composition, whereas in some other clays in
southern Finland the redeposited Eemian pollen
flora may be obscured by Late Weichselian and
particularly by Flandrian pollen to a great degree
and its presence, therefore, is difficult to prove
and its part of the whole amount of pollen
impossible to assess. Further, if only deposits
representing the upper or lower part of the
Eemian interglacial were redeposited the pollen
composition could not in most cases be distin-
guished from a Flandrian composition. A strong
influence of redeposited Eemian pollen, diatoms
and clay, however, undoubtedly does occur
throughout southern Finland. This is seen in
a great number of pollen diagrams of clays, in
which the effect of redeposition can cleatly be
seen when compared with diagrams of contem-
porary organic sediments without any secondary
influence (Sauramo 1949).

The redeposited Eemian clay, containing

11 13815—70
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pollen and diatoms, was, as concluded above,
most likely part of the till material in the ice
sheet. Hellaakoski (1930) showed that the till
material in the Laitila area in south-western
Finland is largely local material transported only
a few kilometres. Hellaakoski also found that
most of the glaciofluvial material in the Laitila
esker was transported 5—8 km. Assuming the
transport of esker material in Somero to be
similar to that in Laitila it is likely that the clay
and silt material, deposited at the same time and
in the same valley in Somero and also near the
ice margin was carried somewhat further by the
meltwaters before it settled. It can not, however,
originate from an area far away from Somero and
it must have come from the direction of the main
movement of the ice, from the north-west. The
clays at Somero, including the clearly varved
clay, occur up to an altitude of about 90—100 m,
and the area from which it originated is also at
about this altitude. As the clay contains relatively
high percentages of both Corylus and Carpinus
pollen it must be assumed that the Eemian
marine clay, from which the Somero clay was
formed, included clays of zones f and g, which
together in Denmark represent the warmest
middle part of the interglacial and correspond
to the Eem Sea transgression, which was followed
at the end of the interglacial by the transgression
the Skaerumhede
including a Portlandica arctica zone (see Hansen
1965). The highest shore-line for the Litorina
Sea from about 7 500—7 000 B.P., corresponding
to the warmest part of the Flandrian, is at an

represented by sequence

altitude of about 55 m in Somero, thus well
below the altitude of 90—100 m to which the
Eem Sea reached here during its warmest part.

A similar relationship of the altitudes is found
for the find in Rouhiala, Karelia, of lumps of
Eemian marine clay (Brander 1937, 1941). The
piece of marine Eemian clay studied by Brander
was found in a gravel pit of an esker at an
altitude of about 50—65 m in Rouhiala, now in
Soviet Karelia, about 13 km south-east of
Imatra in Finland. The pollen composition of
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Fig. 5. Map of southern Finland showing the areas from which the redeposited marine Eemian clay found
in Somero (S) and Rouhiala (R) most likely was transported. Broken line, highest shore-line for Flandrian
Litorina Sea; altitudinal zones from the coast are for 0—50 m, 50—100 m, 100—150 m and above 150 m.

the clay with high percentages of Corylus and
Alnus (see Table 1) showed that it must at least
partly represent the Eemian zone f period. Later
clay finds in the same area confirmed this, but
one lump had a different pollen composition
with high percentages of Picea (Brander 1941)
and therefore represents another part of the
Eemian. As these pieces of clay were found in
glaciofluvial material Brander assumed that
they had been transported some distance and he
considered it likely that the Eemian marine clay
came from the southern part of the present lake
Saimaa basin about 20 km away, a distance of
transport in agreement with that assumed above
for the Somero clays. The surface of the present
lake Saimaa is at an altitude of 76 m and the
altitude for the Litorina Sea would here be, if
extrapolated from the isobases at the coast of the

Gulf of Finland (Hyyppi 1937), about 30 m.
This difference of 40—50 m between the
Flandrian limit for the Litorina Sea and the
altitude to which the transgression of the Eem
Sea must have reached is the same as that found
in the Somero area. In Fig. 5 the area in which
the Eemian marine clays in Somero and Rouhiala
were originally assumed to have deposited are
shown and also schematically the upper limit
for the Flandrian Litorina Sea. The transgression
of the Eem Sea during the Eemian zone f and
g periods reached at least 40—50 m above this
limit but the total submergence of southern
Finland during the last interglacial is not known.
The comparatively great submergence, however,
must largely have been caused by isostatic
movements. A greater Eemian submergence as
compared with the Flandrian may be a result of



the greater load of the more extensive ice sheet
in northern Europe during the Saalian glaciation
than during the Weichselian glaciation. From
several occurrences of marine deposits it has
been shown that the Baltic was connected with
the White Sea over lakes Ladoga and Onega.
This is probably why the waters of the Baltic
were comparatively cold, as indicated by the
diatoms, at the time of the climatic optimum; a
contrast not found in Flandrian sediments
formed when the Baltic had no connection with
the White Sea. As in Denmark, the transgression
of the Eem Sea during the climatic optimum of
the Eemian was followed by a later transgression
in the White Sea area near the mouth of river
Dvina and at Arkhangelsk, representing the
transgression of the Portlandia Sea (Zans 1936).
The pollen analytical results from Somero and
Rouhiala, as well as those from Mga near
Leningrad (see Gross 1967), however, show that
the earlier transgression of the Eem Sea con-
nected the Baltic with the White Sea. The
present investigation, however, does not give
any additional information about the relationship
between theinterglacial transgressions. In Sweden
thin layers of partly redeposited drift mud
underneath 6 m of till at Bollnis, Hilsingland,
contain a pollen flora with some Corylus and
Alnus pollen in addition to Betwla, Pinus and
Picea pollen. This shows that they very likely
represent a part of an Eemian succession (An-
dersen 1961, Lungqvist 1967). Brackish water
diatoms in some samples show that the Eemian
sea-level at one time was higher than the present
altitude of 88 m at which the layers occur. Thus,
also in Sweden a high Eemian sea-level position
can be traced.

It was concluded that the Somero clays studied
are at least partly redeposited marine Eemian
clays. The pink colour of their coarser layers, as
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the summer layers of the varves, is unusual for
early Flandrian clays in southern Finland. Ana-
lysis of three of the lower varves in section 1 by
Mrs. A. E. Kuusisto showed that the content
of ferric iron, as that of total iron, is greater in
the dark winter layers than in the pink summer
layers. The pink colour is undoubtedly caused
by Fe,O;, which, if reduced by HCI, makes the
colour of the clay grey. In the winter layers,
which contain mote organic material than the
summer layers, it is the organic matter which
gives the layers their dark grey colour, as
shown by Arrhenius (1947) for the varved clays
in the Uppsala region. Whether the pink colour
caused by the ferric iron oxide in any way
reflects a higher proportion of redeposited
Eemian clay than in the grey varved clays of
southern Finland can not be determined on the
basis of the present material. The X-ray in-
vestigations of the mineralogical composition
of the material in the same varves which were
chemically analysed give diffraction diagrams
similar to those obtained by Soveri (1956) for
clays from different parts of Finland. These
clays are, on the basis of their mineralogical
composition, believed to contain redeposited
interglacial and also preglacial clay material
(Soveri 1956) and it is possible that the redeposi-
tion was more extensive than is generally
assumed.
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APPENDIX

THE DIATOMS IN

THE SOMERO CLAY

Risto Ty~NNI

The diatoms found in the samples from boreholes A
and B in Somero were discussed by Gardemeister (1968 a,
1968 b), who concluded that the flora represented an
interglacial marine flora, similar to that described from
Rouhiala (Brander 1937, 1937 b, 1941) and also from
Mga. Further, Brander (1941) also found a similar diatom
flora in some tills from western Finland. All above-
mentioned floras differ clearly from those in Late Weichse-
lian varved clays, which are poor in diatoms and contain
mostly fresh-water forms, as the varved clay at Jokela
(Molder 1956). In those cases where Late Weichselian or
early Flandrian Baltic sediments are rich in diatoms the
diatoms have been explained as having been derived from
interstadial or interglacial sediments, as in Ostrobothnia
(Molder 1949, Aario 1966, Ignatius and Leskeld 1970).
The interstadial deposits in northern Finland, having a
radiocarbon age of about 45 000 years, contain only fresh-
water diatoms (Korpela 1969). Some sediments found
underneath till from Finland and the Karelian Isthmus
have been dated as interstadial or interglacial (Aurola
1949, Sauramo 1940, Hyyppi 1937 b). In some cases they
have contained marine diatoms, usually dominated by
Grammatophora oceanica, in other cases they have been
extremely poor in diatoms and some sediments have not
been investigated in detail. In the present diatom investi-
gation the main question is whether or not there was a
connection between the Gulf of Finland and the White
Sea.

Many of the diatoms shown in Table 1 are marine
forms, which during the Flandrian have not thrived in the

coastal areas of Finland. The following diatoms belong
to these according to Hustedt (1930): Actinoptychus undu-
latus, Auliscus caelatus, Biddulphia rhombus, Dimerogramma
minor, Grammatophora arcuata, Stephanopyxis turris and
Trachyneis aspera. Actinoptychus undulatus is a littoral form
found in all seas. Auliscus caelatus and Stephanopyxis turris
occur along all European coasts as well as the littoral
forms Biddulphia rhombus and Dimerogramma minor. Bid-
dulphia rhombus is, according to Brander (1941) particularly
found in sediments of the Eemian Portlandia Sea. Of the
diatoms from Somero Grammatophora arcuata is at present
only found in the coastal arctic and antarctic waters.
Trachyneis aspera grows now for instance on the coasts
of France (Peragallo 1908). Synedra crystallina is common
in Europe and also in those patts of the Baltic with high
salinity, and has been present in the coastal waters of
south-western Finland at a time when the waters had a
salinity at least as high as during the Flandrian Litorina
Sea period.

The above-mentioned species are the same as those
described by Brander from Rouhiala. Even if they occur
in small numbers the numbet of species makes their
presence significant. Grammatophora ocenica, G. marina and
Epithemia turgia -+ vat. westermanni are most common, of
which G. oceanica and G. marina are common marine
forms, but are also found at present in the brackish waters
of the Gulf of Finland and the Gulf of Bothnia, and which
are frequently found also in older Flandrian sediments

in that area. Epithemia turgida - var. westermanni grows
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