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THE FLANDRIAN HISTORY OF LAKE HOYTIAINEN, EASTERN FINLAND
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ABSTRACT

The present paper on the Flandrian history of Lake Hoytidinen, eastern Finland, is based on stratigraphical and
shore morphological investigations. Lake Hoytidinen is situated on the proximal side of a great end moraine, Jaaman-
kangas. The final retreat of the ice during the Weichselian glaciation started from Jaamankangas about 10 000 years
B.P. Lake Héytidinen was isolated from the final stage of the Yoldia Sea 8 500—8 900 years B.P. This age is com-
patible with the result of Sauramo and Auer (1928). The diatom analysis does not show any influence of salt water
before the isolation.

After the isolation a transgression started on the SE-side of the isolation threshold and a regression on the NW-
side of it. The shore-line displacement of the lake is studied only stratigraphically because no raised beach before the
clear shore of 1859 has been found. In 1859 the water of Lake Hoytidinen forced a dam of the canal being built in
Jaamankangas and eroded a new outlet through it to Lake Pyhiselki. The water level fell in a month about 9.5 metres.
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Introduction

The independent development of a lake on
subaquatic land begins after its isolation from
the sea. After this the development of a lake is
influenced by, apart from the climate, the rela-
tionship of its outlet to the differential land
uplift, the height of the surrounding thresholds
and finally by human operations. It is free of
the eustatic movements of the sea level. Un-
doubtedly, the most remarkable events in the
development of Finnish lakes, after their iso-
lation, have been the changes in their outlets
due to the tilting of the land.

The purpose of the present study is to explain
the Flandrian (= Post-glacial; see West 1963)
history of Lake Hoytidinen located in North-
Karelia (eastern Finland), and to study the
morphology of the shore-zone which was under
water before the draining of the lake in the year
1859. Thus this study secks to clarify the inves-
tigation of raised beaches. Bog investigations
were used in the research on development
of Lake Hoytidinen as an aid to the shore
studies.

At the end of the last century Hackman (1895,
1896) investigated the highest marine limit in
North Karelia, but the most significant researches
concerning Lake Hoytidinen were made in the
1910’s and 1920’s. Wilkman (1912) discussed the
birth of stump and peat deposits revealed by
the draining of Lake Hoytidinen. He also treated
this subject in his explanation to the Geological
Map of Finland (Frosterus and Wilkman 1917).
Helaakoski (1915) surveyed the shore formation
of Jouhteninen island on Lake Héytidinen. The
Post-glacial development of this lake was inves-
tigated by Sauramo and Auer (1928). In this
context mention should also be made of Sau-
ramo’s (1928) work, in which he discussed the
shore-line displacement in North Karelia. The
end moraine of Jaamankangas, which is closely
related to Lake Hoytidinen, has been investigated
by Repo (1957). The research of Hyvirinen
(1966) on Pielis-Karelia with its numerous C-14

datings, is also important in the study of Lake
Hoytidinen.

History of lake investigation

As early as the 19th century raised beaches
surrounding lake basins had attracted the atten-
tion of researchers, but not until the turn of the
century did beach studies begin. Since then,
almost all our Quaternary geologists who have
investigated shore-line displacements in the re-
gion of the Baltic Sea have also to some extent
studied the development of our lakes.

Berghell (1898) was the first to refer to the
ancient connection between Lake Saimaa and
Lake Piijinne. Sederholm (1899) dealt with lakes
in the Atlas of Finland. Wilkman’s work, men-
tioned in the introduction, treated the Lake Sai-
maa area. Ramsay (1924, 1926) in his investiga-
tions on sea boundaries also dealt with Lake
Saimaa and Lake Piijinne. The first to specialize
in the development of lakes was Tolvanen, who,
on the basis of the morphology of shores, inves-
tigated the development of Ancient Piijinne
(1922) and Ancient Nisijarvi (1924).

A methodical contribution to lake research
was made by Auer’s Vanajavesi investigation
(1924) in which he connected the study of shore
bogs with morphological observations. The sa-
me methods were applied later by Sauramo and
Auer in their investigations on Lake Hoytidinen
(1928), mentioned above in this text. Hellaakoski
investigated Great Saimaa (e.g. 1922, 1936) and
Lake Puulavesi (1928). Other noteworthy inves-
tigators of Great Saimaa were Donner (1957) and
Okko (1948, 1965) who worked in the Kuopio
region, and Lappalainen, who investigated
Southern Saimaa (1962). L. Aario (1936, 1952)
studied the development of the southern part of
Ancient Piijinne, and R. Aario (1965) widened
the study to cover the development of the entire
lake system. Alhonen (1967) investigated the
Post-glacial history of Lake Kyrésjirvi on the
basis of limnic sediments. A new study dealing



with Lake Vanajavesi has been published by
Liisa Simola (1963). The development of the
lakes has also been discussed in the commentaries
and explanations to geological maps, e.g. Virk-
kala’s investigations on Lake Pielinen (1948) and
Lake Nisijarvi (1962).

The development of the greatest basins of
the Lake Region is relatively well known al-
though the investigations date from different
times. The small number of C-14 datings makes
it difficult to draw conclusions about the chro-
nology for the present.

Lake Hoytidinen

The longitudinal axis of Lake Hoytidinen runs
from N'W to SE, the area of lake being 285 sq.km
and the elevation above sea level 87.5 metres.
Its length from Martonvaara bay to Jaaman-
kangas is about 40 kilometers, its greatest width
14 kilometres and its greatest known depth, at
the southern end, 50 meters. The shape of the
lake has been determined by NW — SE and
ENE — WSW orientated fault lines (Frosterus
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Fig. 1. Map showing the location of Lake Hoytidinen.
Isobases for the recent land uplift in mm pet year. Accord-
ing to Kaiiridinen (1963). Ss. I, Salpausselkd I; Ss II,
Salpausselki II; Jk, Jaamankangas.
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and Wilkman 1917, p. 19). The northwestern
part of the lake has long bays; the southern part
is open with very few islands. (The names of
the places mentioned in this study are shown
on the appended map, Appendix V.)

Relief, bedrock and surficial deposits

Lake Hoytidinen is surrounded by hilly terrain
rising up to 100 — 150 metres. The wide, even
dried-up lake bottom, especially at the northern
end of the lake, is lower. Before draining in
1859, the lake was surrounded by abrupt shores.
Especially imposing are the Huhmarisenvaara
rock at the western side of the lake and the esker
island of Jouhteninen, both of which rise by
over 50 meters above the water level of the lake.
Generally the islands in the lake are low and
distinctively longish emphasizing the NW — SE
orientated striation of the area.

The bedrock of the area belongs to the Kare-
lian schist zone. The rocks are phyllite and at
the northern end mica schist. On the western
shore gneiss-granite can be found and in some
places amphibolite.

On the shores of the present Lake Hoytidinen
wide sand and clay deposits occur which formerly
were under water. In some places the old ter-
races have turned into recent eolian sand (e.g. at
Vierevinniemi, Jokiniemi and at the southern
end of Jouhteninen). Spreading vegetation, how-
ever, continuosly decreases their area. The ori-
ginal Quaternary deposits, with the exception of
some eskers and Jaamankangas end moraine at the
southern shore of the lake are till. Rough ablation
moraine exists on the proximal side of Jaaman-
kangas, but to a great extent the material is glacio-
fluvial. Closely connected with Jaamankangas is
the Kontioniemi esker and also the foremen-
tioned Jouhteninen. Vierevinniemi, on the east-
ern shore of Kontiolahti, has also developed out
of a high esker-hill. Kunnasniemi, on the west-
ern shore of the lake, is the starting point of an
esker extending to Juuka. This esker runs
through several islands to the north, up to the
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western shore of Koroniemi where it diverts
from Lake Hoytidinen. There are no eskers at
the northern end of the lake. Rocky shores are
most abundant on the western side of Lake
Hoéytidinen.

Earlier views on the Late-Weichselian and Flandrian
history of Lake Fliyticiinen

Observations made on striae prove that the ice cover
advanced in North Karelia at least three times during the
Late-Weichselian (= Late-glacial; see West 1963) time.
The oldest advance came from the NNW forming among
others the basin of Lake Hoytidinen in the Karelian
schist zone. Another advance came from the northwest
(Frosterus and Wilkman 1917, p.p. 30 — 34; Repo 1957,
p. 138).

The third and last advance of the ice was so weak that
it could not cross the high quarzite ridge in the east, but
found its way to lower areas formed by previous erosion
(Sauramo 1958, p. 396). It seems that a great deal of ice
accumulated in the basin of Lake Hoytidinen, and Jaaman-
kangas was formed in front of it. Its greatest plateaus, as
was frequently the case at Salpausselki, are located at the
edges of a wide basin (Repo 1957, p. 142).

According to Repo (1957, p.p. 139 — 144, 266), Jaa-
mankangas and Salpausselki II (in North-Karelia) are of
the same age. They were formed on dry land, for instance,
certain plateaus of Jaamankangas seem to be abrasion
terraces. According to Sauramo (1928, 1937, p. 16) Jaa-
mankangas is a glaciofluvial delta which is a part of the
so-called Salpausselki III. The highest plateaus of Jaa-
mankangas are located at such a low level that, if they
are primary, the formation is younger than Salpaussel-
ki IT (Hyvirinen 1966 b, p.p. 5 — 6).

The retreat of ice from Jaamankangas began, according
to Sauramo’s varve chronology, at + 292 corresponding
to about 8 000 B.C. (Donner 1964, p. 31). Assuming that
the connecting of Finnish and Swedish varve chrono-
logies performed by Sauramo is correct, the precise dat-
ings made in Sweden (Fromm 1963) can be used also in
Finland. The highest shore at the southern end of Lake
Hoytidinen is Yoldia I (Y I) (Sauramo 1937). This marine
stage began soon after the Salpausselki II phase (Donner
1964, p. 33). The highest shore of Lake Hoytidinen is
metachronous because not until the time of Sauramo’s
Y IIT was the ice front at the northern end of the lake.
— Late-glacial events in the research area are schematically
presented in Fig. 2.

According to the investigations of Sauramo and Auer
(1928, p. 24), the isolation of Lake Hoytidinen took place
at about 6 800 — 6 900 B.C. This result is based on a so-
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Fig. 2. The Late-Weichselian time at Lake Hoytidinen.

called time-gradient curve, using the marine boundaries
dated by varve chronology (see Ramsay 1926) as known
shores. According to Sauramo’s latest opinion, the iso-
lation of Lake Hoytidinen occured during the youngest
stage of the Yoldia Sea, ending in the year 7 400 B.C.
(Sauramo 1937, p. 20; 1958, p. p. 44, 392).

The isolation threshold was located in the vicinity of
Polvijirvi church on the western shore of Lake Hoytidi-
nen. The position of the threshold, in the middle of the
NW — SE axis of the lake, decisively influenced the
development of the lake because of the tilting of the land.
The regression began on the northwestern side of the
»tilt-axis» at the threshold and the transgression on the
southeastern side. This development continued until the
year 1859 when Lake Hoytidinen broke the almost com-
pleted dams in a canal between it and Lake Pyhiselki at
Jaamankangas (Palmén 1903, p.p. 65—88). The water
level of Lake Héytidinen dropped by 9.5 metres (from
97 metres above sea level to 87.5 metres above sea level),
thus exposing 170 sq.kilometres of dry land, the major
part of which was located at the flat northern end of the
lake. Regression began in the whole basin. In this inves-
tigation, the lake in the year 1859 is also called Old
Lake Hoytidinen.

Land uplift

In Finland, the tilting of the land results from
the fact that the rate of land uplift in the sur-
roundings of the northern part of the Gulf of
Bothnia is quicker than in the other parts of the
country. The present uplift has been investiga-



ted thoroughly. According to Sirén (1951), the
uplift at the southern end of Lake Hoytidinen
is 5.5 mm and that at the northern end 6.5 mm
annually. According to the readings of the pre-
cise levelling made by Kiiridinen (1953), the
annual uplift at the southern end is 3.5 mm and
at the northern end 4.5 mm. It should be noted,
however, that at that time, the levelling network
did not extend to Lake Hoytidinen but the iso-
bases were drawn parallel to the lines of Sau-
ramo’s isobases describing the different stages
of the development of the Baltic Sea (Kédridi-
nen 1953, p.p. 64 — 70). According to the latest
precise levellings (Fig. 1), the southern end of
the lake rises by 4.6 mm and the northern end
by 5.4 mm a year (Kiiridinen 1963). According
to all available investigation results, Lake Hoyti-
dinen is tilting annually by 1 millimeter. The
isobases are mainly SW — NE orientated.

The rate of land uplift just after the Weich-
selian glaciation was quicker than nowadays (e.g.
Sauramo 1939), but nothing certain can be said
of the rate of annual uplift during different
times.

Shore investigations

Shore formations are created by wave action,
ice and wind. The combined effect of these
forms a type of shore that is decisively dependent
on local environment, such as the openness of
the shore, the depth of the water and the profile
of the shore but primarily the surficial deposits.
Furthermore, the development of a shore is
influenced by its position, in other words,
whether it is located at rising or sinking water
level. In narrow inland waters the shaping of
shores by ice is a result of the expansion of the
ice, the pressure of pack ice being only slight
(see Hellaakoski 1922; Leiviskd 1913).

Methods

The shore profiles which are presented in Appendices
1 and II were prepared on the basis of levelling readings.
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The height of the shore-line was determined on each
shore as the average of the heights of three neighbouring
typical ice-pushed boulders. The analysis of the sediments
was made in the field and partly in the laboratory by
sifting.

The shore types of Old Lake Hiytidinen

In this investigation attention is paid, primarily, to
such points of the shore-line where morphological transi-
tions have actually occured, since these shores are most
suitable for the investigation of raised beaches. The clas-
sification of shore types presented below is based on wave
action. The same classification can also be applied to
shore formations created by ice expansion because they
are also dependent on formations resulting from wave
action. So, for instance, the marks of the ice expansion
are clearest and most permanent on erosion shores from
which the waves have washed away all fine material, and
the pressure of the ice has been directed against the
exposed rocks (Hellaakoski 1922). — Furthermore, the
classification is based on surficial deposits.

. Erosion shores in glaciofluvial material
. Erosion shores in till

. Accumulation shores

. Morphologically disappeared shores

W=

1. Erosion shores in glaciofluwial
material. A great deal of loose material is to be
found on esker shores. The profile of the shore corres-
ponds to that a typical abrasion shore. Its characteristics
are: a steep cliff and a sloping terrace ending at a distal
slope of the terrace. The movements of ice have grouped
the rocks on the terrace, the biggest rocks being piled
as a rampart under the cliff and the smaller stones pressed
firmly in the terrace. In places where there are large
amounts of rocks they have accumulated in shapeless
piles under the cliff. The terrace here generally ends at
a distal slope, located approximately at the same depth
in each place in the lake. The distal slope is composed
of sand as, for instance, on shores 25, 26 and 29 of Jouh-
teninen. In some cases the stones have been so abundant
that the seesawing motion of the ice on the terrace has
driven the rocks deeper into the water where they form
a cliff-like distal slope of the terrace (Fig. 4). The sedi-
mentation of sand and fine material has only begun at
greater depths. Examples of this are shores 6,7 and 10
of Jaamankangas, shores 13 and 14 of Kontioniemi and
shores 21, 22 and 23 of Vierevinniemi.

The investigation is obviously handicapped by the fact
that all eskers and Jaamankangas are located on the side
of the lake where transgression has occured. Therefore,
Lake Hoytidinen does not offer any opportunities for
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Fig. 3. Jouhteninen. An abrupt erosion cliff of Old Lake
Hoytidinen with continuous ice-rampart at the base. Shore
profile 29.

Fig. 4. Jaamankangas. A distal slope of the terrace of
Old Lake Hoytidinen between shore profiles 3 and 4

comparing the differences between esker shores open to
erosion in regression and transgression areas. Further-
more, the widest open places of Lake Hoytidinen are at
the southern end of the lake while the shores in the
regression area are relatively closed. Since erosion, be-
cause of transgression, has reached higher and higher and
since the vast area of water has given it strength, shores
belonging to this type have developed exceptionally
imposing shapes.

Shores falling into this category are: 4, 6, 7, 8, 10,
12,13, 14, 15, 16, 21, 22, 23, 25, 26, 27, 28 and 29 (Fig. 3).

2.Erosion shores in till. The most charac-
teristic shores of this type are similar to those mentioned
above. Such are e.g. shore 19 of Kontionlahti and shore
24 of Vierevinniemi which were generated in a thick till
by open water. In regression areas shores of this type are
obscure. In these areas the cliffs seldom reach a height of
one meter (shores 32 and 33). An incoherent ice-rampart

is often the only proof of their location. In transgression
areas the shores are also obscure in narrow places (e.g.
shores 1 and 2 of Kunnaslahti). The till cover of the
bedrock on the shores of Lake Héytidinen is generally
so thin that a cliff could not be formed. It is true that
erosion can also produce a cliff in rock as, for instance,
in Varparanta near shore 30. From friable mica schist
erosion, supported by weathering due to frost, has re-
moved rocks which form a terrace. Schistose veins and
the shore-line are parallel.

Shores falling into this category are: 1, 2, 17, 18, 19,
24, 30, 31, 32 and 33.

3. Accumulation shores. In transgression
areas erosion has been predominant. The surf has driven
material only into some closed bays and formed ramparts
on the shore. The biggest sand bars are over one meter
in height (e.g. shore 20 of Vierevinniemi). A common
feature of accumulation shores created by waves is the
absence of stones. The profile of the shores is sloping.
An accurate determination of the height of the shore-
line on accumulation shores is impossible. The weakly
developed accumulation shores in the regression area have
often been completely covered and destroyed by vegeta-
tion.

In Jaamankangas some special cases repiesenting this
type of shore can be found (shores 3, 5 and 11). At the
mouths of small bays there are banks containing such
rough material that the only explanation to this kind of
accumulation is the expansion and pressure of ice. Below
the banks the morphology of these shores is similar to
that of neighbouring erosion shores.

Shores of this type are: 3, 5, 9, 11 and 20.

4. Morphologically disappeared
shores. In surprisingly large areas the shore marks
of Old Lake Hoytidinen have disappeared almost com-
pletely within the last 100 years. Such areas are most
frequently located on the narrow till shores in regression
areas. Numerous rock belts on the slopes can easily be
misinterpreted. Also in these areas subaquatic sedimenta-
tion has taken place and therefore, by investigating the
surficial deposits, it is possible to determire the boundary
between the original slope and the sediments assorted by
abrasion. In regression areas this boundary naturally lies
higher than the shore-line of Old Lake Hoytidinen.

The suitability of the shores for the investigation of
raised beaches

The investigation is an attempt to determine
the altitude of the shore-line with the aid of



beaches. This altitude corresponds to the height
of the base of the ice-rampart or, where that
does not exist, the height of the base of the cliff.
The altitude of the shore-line is generally the
same as the mean high water level which in the
Finnish lakes is about 0.5 metres above the mean
water level (Hellaakoski 1922; Tolvanen 1922;
Varjo 1964). In investigations concerning the
lakes of the Heinola region it was found that
the height of the ice-rampart varied substantially
on shores with large amounts of stones. The
height of the base of a morphologically distinct
ice-rampart might correspond to the low level
of water in the winter (Saarnisto 1965, p. 67).

The altitude of the shore-line of Old Lake
Hoytidinen varies 0.5 metres. The difference be-
tween the extreme values is over 1 metre. The
highest shore-line is located on the open and
practically stoneles southern shore of Jouhteni-
nen (97.6 metres, shore 28). Low shore-lines can
be found e.g. on the stony slopes of Kontiolahti
(96.5 metres, shore 19) and Varparanta (96.4 me-
tres, shore 31). An accurrate determination of
the altitude of the shore lines with raised beaches
is not possible because they have become de-
formed to a greater extent than the shore of Old
Lake Hoytidinen. The average error of observa-
tions is probably at least 1 meter.

On the shores of Old Lake Hoytidinen the
elevation of the shore-line can only be deter-
mined on shores falling into categories 1. and 2.
The suitability of esker shores which contain
much fine material for the investigation of raised
beaches is impaired by the fact that in places
where many shores coincide vertically, most of-
ten only the yongest is visible. It erodes the old
shores above it and accumulates over the lower
shores. This has happened e.g. on shore 29 of
Jouhteninen where the slope runs with the same
abruptness from the base of the cliff to the top
of the esker up to a height of 30 metres (see
Hellaakoski 1928, p. 6).

In this investigation special attention is paid
to any possible shore marks appearing in the
nine meter high zone which emerged at the
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draining of the lake in 1859. According to Sau-
ramo and Auer (1928, Appendix II), the last ma-
rine boundaries preceding the isolation of Lake
Hoytidinen, and above all, the isolation shore of
the lake fall within this zone on the southeastern
side of Polvijirvi threshold. Most shores rele-
vant to this investigation are of type 1. There-
fore the investigation throws light on the preser-
vation of raised beaches under conditions of
transgression in environments favourable to the
development of shores.

Shore profiles show that the shore of the year
1859 is morphologically dominant. In the study
of raised beaches the distal slopes of the terrace
on some shores might confuse the determination
of the elevation of the shore, especially if the
supra-aquatic part of the shore is morpholo-
gically weaker than the distal slope of the ter-
race, as for instance on shores 3 and 5. However,
the material of the distal slope distinctively dif-
fers from the material of the cliff and no ice-
rampart at the base of the distal slope of the ter-
race is to be found. Fig. 4 shows how the stones
accumulated by the ice on a distal slope have
fallen down from the upper parts. In three pro-
files (11, 15 and 26) low cliffs near the present
water level can be identified as shores, but no
shore-line can be described on these grounds.

The formation of the shore of Old Lake Hoy-
tidinen have destroyed almost all lover shore
marks. Naturally, during the progress of trans-
gression the shore-line at some stage was located
in every part of the zone investigated at the
southern end of the lake providing that the iso-
lation shore there is located at the present water
level (see Sauramo and Auer 1928). However,
neither the isolation shore of Lake Hoytidinen
nor any other shore-lines of the lake prior the
year 1859 can be discovered by the morphologi-
cal investigation of the shores.

Marine raised beaches in the basin of Lake Haytidginen

Above the 1859 shore the morphology of the
slope shows features that can be considered as
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products of erosion. The most distinctive marks
are located on the same slopes as those on which
the shore of Old Lake Hoytidinen is most dis-
tinctive. A list of the latest observations is pres-
ented below. The same observations are also
shown on the appended map.

New observations (levelled from the
water level of Lake Hoytidinen)

1. Jaamankangas (shore 10). Gradually sloping erosion
cliff, shapeless ice-rampart at the base. 103,6 metres.

2. Jaamankangas (shore 8). Gradually sloping erosion
cliff, shapeless ice-rampart at the base. 106,3 metres.

3. Jaamankangas (shore 4). Abrupt erosion cliff, co-
herent ice-rampart at the base. The width of the terrace
has been eroded to less than 10 metres. 105,7 metres.

4. Kontioniemi (shore 14). Abrupt erosion cliff, sha-
peless ice-rampart at the base. The width of the terrace
has been eroded to less than 10 metres. 106,3 metres.

5. Kontioniemi (shore 15). Gradually sloping erosion
cliff, shapeless ice-rampart at the base. 106,3 metres.

6. Vierevinniemi (shore 23). Abrupt erosion cliff,
coherent ice-rampart at the base. 106,3 metres.

7. Martonvaara (by barometer). On the slope of the
hill a low cliff and below it a sand terrace. 113,5 metres.

Lower, another cliff, the height of which is about 1
metre, and below it a sand terrace. 103,5 metres.

Previous observations areshown on
the appended map. The oldest measurements
were made by Wilkman (1912) with the aid of
a barometer. In part they are based on the erro-
neous elevation of Lake Hoytidinen: 85 metres.
To the measurements, used in the present inves-
tigation, 2 metres have been added. The num-
bering of the appended map does not correspond
to Wilkman’s numbering. The most abundant
information concerning the study of raised
beaches is included in Sauramo’s investigation
(1928). The elevations of the shore lines have
been levelled. The numbering is similar to that
of Sauramo. In a posthumous paper, published
by Sauramo, Ramsay gives a number of shore
observations from different parts of Finland
(Ramsay 1931). The numbering corresponds to
that of Ramsay.

The above investigations also contain some
shore observations below the 1859 shore line.
It has previously been emphasized that the
formations of the shore of Old Lake Hoytisinen
are morphologically dominant in the zone which
emerged at the draining of the lake. Therefore,
the observations made below the 97 meter level
have been omitted as uncertain.

The description of synchronous shore lines
based only on morphological observations is
uncertain but the marine stages preceding the
isolation of the basin of the Lake Hoytidinen
are so few and the observations group themselves
into such distinct zones that the description of
the shore lines shown in the appended diagram
(Appendix VI) is well grounded. They are in
accordance with the shore lines of the same re-
gion described by Sauramo (1937, p. 17, 1958).

Bog investigations

Auer (1924) was the first in Finland to take
advantage of bog investigations in his study of
the Post-glacial history of Lake Vanajavesi.
L.von Post (1909) proved that the boundary
between limnic and telmatic sediments — the
limno-telmatic contact — gives the approximate
level of low water in a basin (see Auer 1924,
p-p- 136 — 137). The stratigraphy of shore bogs
is not always complete because the variations in
the water level easily turn the conditions in the
shore zone favourable to either erosion or sedi-
mentation. This possibility is minor in limnic
sediments, but the determination of different
water levels on these grounds can only be done
very approximately.

Methods

The elevation of the bogs was determined by using
two barometers and a topographic map, scale 1:100 000.
Measurings were started from the water level of Lake
Héytidinen which is determined daily by the Hydrological
Bureau. The time between the start and completion of a
measuring was less than five minutes.



Samples were taken by a Hiller sampler. The sedi-
ments were usually identified in the field and check-ups
were made microscopically.

Pollen samples were prepared by the KOH-method
and, if necessary, siliceous components were removed by
HF treatment (see Faegri and Iversen 1964). All prepa-
rations were made in glycerol and dyed by safranin. In
the analysed samples, 150 tree-pollen (AP) grains were
counted (including Corylus). Some samples of older mine-
rogenic sediments were so poor in pollen that counting
was limited to 100. The results of the analysis are shown
in column diagrams. As to the AP/NAP ratio, tree-pollen
includes pollen of shrubs, but NAP does not include
aquatic pollen.

In making the diatom preparations the sample was
kept ina 30 % H,O, solution at a temperature of + 50°C
for about 24 hours. Diatom scales were separated from
the mineral material by flushing and decanting. Hyrax
was employed as mounting material. 100 individuals were
identified in each preparation. In the identification of
diatoms the works of Hustedt (1930, 1930—64) and Foged
(1964) were referred to and in ecological questions the
investigations of Maj-Britt Florin (1946), Astrid Cleve-
Euler (1946), Molder (1943) and Tynni (1966) were
consulted.

Pollen stratigraphy

In the determination of the age relationships
of the litostratigraphic changes pollen analysis
was employed. The pollen diagrams were divided
into the forest historical zones according to
Donner (1963, also 1951, 1966) and Sauramo
(1958, also 1949). The dating of pollen strati-
graphy is checked by C-14 determinations made
during recent years in different parts of Finland.
In the southern parts of Finland the zones are
mainly synchronous (Donner 1963, p. 22) yet so
that they get slightly yonger eastwards and
northwards, e.g. the boundary between zones IV
and V in eastern Finland is presumbly 300 years
younger than that in southern Finland (Donner
1966, p. 19). Donner has also proved (1966, p.
21) that in the terms of pollen chronology only
Post-glacial sediments are comparable. The
maxima of non-tree pollen found in the early
Post-glacial sediments representing the first
stages of local vegetation after the deglaciation
and/or emergence of the area and without any
chronological value is often erroneously con-
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sidered to be of the same age with the Late-
glacial Yonger Dryas, characterized by the abun-
dance of NAP.

The oldest forest historical zone that can be
identified in the investigated area is the first
Post-glacial zone IV. In the lower part of this
zone, plenty of non-tree pollen is to be found.
The retreat of ice from Jaamankangas began
about 10 000 years ago. This was the beginning
of zone IV at Lake Hoytidinen. The age of the
zone boundary IV/V is about 8 500 years which,
according to the classification made by Hyviri-
nen (1966) on the basis of the maximal occut-
rence of different trees, corresponds to the
boundary between Betula and Pinus zones. Ac-
cording to Tolonen (1967, p. 363), the age of
the zone boundary IV/V in northern Karelia is
the same as in South Finland, i.e. about 8 800
years (e.g. Donner 1966). The dating corres-
ponds to the beginning of the Post-glacial
Hypsithermal interval (Deevey and Flint 1957).
The zone boundary V/VI can be distinguished
in the pollen composition because at this point
Pinus decreases while Betula increases, the curve
of Alnus rises and the amount of rare deciduous
trees increases. The age of the zone boundary
is about 8 000 years (see C-14 datings in South
Finland: Donner 1966, p. 20, about 7 800 years;
Virkkala 1966, p. 238, about 8 000 years; Alhonen
1967, p. 23, about 8 000 years and in northern
Karelia: Tolonen 1967, p. 365, about 8 000 years).

In Finland, the zone boundaries between zones
VI — VIII cannot be determined even in those
places where the appearence of rare deciduous
trees has been more abundant than in northern
Karelia (see Donner 1963, p. 6). The only chro-
nological fixing point in northern Karelia is the
immigration of Picea which took place already in
the middle of the Hypsithermal interval, about
5000 yeats ago (Hyvirinen 1966, p. 18, Tolo-
nen 1967, p. 366).

The zone boundary VIII/IX can be distin-
guished in pollen stratigraphy because rare de-
siduous trees disappear and the proportion of
Pinus increases while that of Betula decreases.
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The boundary is not as clear as the zone bound-
aries IV/V and V/VI (see Donner 1966). The
age of the zone boundary in South Finland is
about 2 500 years (Sauramo 1958, p. 44; Alho-
nen 1967, p. 23). Tolonen (1967, p. 368) is of
the opinion that the boundary in northern Kare-
lia is of the same age, even though it is uncer-
tain. The age of the boundary coincides with
the end of the Hypsithermal interval.

The samples belonging to zone IV, investi-
gated at Lake Hoytidinen, are often composed
of clay or other minerogenic material. Heinonen
(1957) has proved that till contains abundantly
secondary pollen, and because of this, the pollen
analysis of Late-glacial clays is not reliable (Sau-
ramo 1958, p. p. 39 — 41). In younger mineroge-
nic sediments, the abundant primary pollen con-
ceals the possible secondary pollen (see also
L. Aario 1940; Donner 1951). In the lower parts
of the profiles investigated at Lake Hoytidinen
secondary pollen plays some role but already
during zone IV their role has become non-ex-
istant due to the great density of pollen in the
preparations.

The variations of tree pollen in the samples
correspond to the general description of the
zones. The rise of Alnus’s curve begins already
within zone V and its immigration cannot al-
ways be regarded as zone boundary V/VI. Of
the scant rare deciduous trees Tilia should be
mentioned. Its discontinuous curve often begins
shortly before Picea’s immigration. Auer (1928)
was the first to point out that the immigration
of Picea to Finland came from the east. Hyviri-
nen’s C-14 dating, mentioned above, proves that
Picea began to immigrate to Lake Pielinen 5 000
years ago. The area Hyvirinen investigated is
located less than 50 kilometres from Lake Hoyti-
dinen and therefore the immigration of Picea
was most probably almoust simultaneous in these
two areas. The immigration of Picea could be
distinctively identified in each investigated bog
and therefore it is suitable for dating.

The occurrence of NAP and shrub pollen at
Lake Hoytidinen can be seen in the diagram

illustrating the Kiiskisensuo bog (Fig. 6). NAP
was very abundant immediately after the retreat
of the ice. When the development of vegetation
became subject to the fluctuations of the Post-
glacial climate the occurrence of NAP declines.
Later, non-tree pollen may reach a new maxi-
mum when indicating a shore. These maxima
are generally composed of Gramineae and Cy-
peraceae. There is only scant aquatic pollen to
be found in the investigated bogs.

Description of bogs

Kiiskisensuo bog (diagram 1., Fig. 6) is
located at the northern end of Lake Hoytidinen and has
a direct connection with the lake. The lowermost clay
deposits goes down to 7 metres. Possible varves cannot
be distinguished. The stratigraphy shows the location of
the bog in a regression area (see Sauramo 1958, p.p.
35—36). The water level cannot be accurately determined
by stratigraphy. The upper part of the clay-mud contains
remains of Equisetum. The highest telmatic deposit
ends at a depth of 160 centimetres. It is loose mixed peat
containing pieces of Carex, Equisetum, Phragmites and
Sphagnum and has probably accumulated on the shore.

The zone boundaries IV/V and V/VI are clear but the
boundary VIII/IX is uncertain. The limnotelmatic contact
dates from the beginning of zone VI. The final drop in
the water level did not take place until the middle of the
Hypsithermal interval, before the immigration of Picea.
The sedimentation of Eriophorum-Sphagnum peat oc-
curred at the same time.

A diatom analysis was made of the clay and clay-mud
of Kiiskisensuo bog. The results of the analysis are pre-
sented in Appendix III. The diatom flora does not in-
clude any salt-water species even though the lowest
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deposits were formed on the bottom of the Yoldia Sea.
The same observation has also been made in the Kuopio
region by Donner (1957, p. 13). He points out thac this
results from the fact that the area was connected with
the sea through shallow and narrow waters and therefore
the saltwater did not reach far inland, especially since the
melting ice produced fresh water. Not even at Lake Pie-

linen have saltwater diatoms been found (Hyvirinen
1966). As far south as Askola in South Finland the Yoldia
Sea was almost fresh and the flora caracterizes rather a
great lake (Tynni 1966, p. 68).

When comparing the variations of the diatom flora of
Kiiskisensuo bog with the corresponding flora of Vattu-
suo bog at Lake Piclinen (Hyvirinen 1966, p. 25), many
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similarities can be seen. A maximal occurrence of pelagic
Melosira islandica ssp. helvetica in both regions dates
from zone IV (the NAP and Betula zones of Hyvirinen).
The maximal occurrence of Fragilaria in both areas dates
from the beginning of zone V. Even after this the
development of the diatom flora shows similar varia-
tions. Diatoms are usually littoral fresh water forms. The
development in these neigh bouring areas has been very
much alike. Regression has occured in both basins. The
diatom flora does not indicate the isolation of the lake.

Martonvaara bog (diagram 2., Fig. 7). On
the southwestern slope of Martonvaara hill there is a cliff
(113.5 metres) and below it a plain terrace. The bog is
located on the terrace, its size being 50 x 100 metres.
The area started to become embogged only after the
zone V/VI even though the place had emerged much
earlier. This is indicated by earlier peat sediments on
lower bogs.

Viklinsuo bog (diagram 3., Fig. 8) is a vast
shallow bog in the regression area. The sedimentation of
mud discontinued a short time before the immigration
of Picea. The boundary between mud and terrestric peat
lies at an elevation of 98 metres above sea level. The
regression of Lake Hoytidinen on Viklinsuo bog since
the middle of the Hypsithermal interval was only about
1 metre. The location of the bog near the tilt-axis makes
this credible. — The maximal occurrence of NAP indicat-
ng the shore consists of Gramineae.

Konnunsuo bog (diagram 4., Fig. 9) is located
at the tilt-axis on the eastern shore of Lake Hoytidinen
at an elevation of 98.5 metres. Mud, containing fine sand,
formed during zone VI. This obviously proves that the
water level in Lake Hoytidinen was at a higher level than
the outlet threshold, providing there has not been any

other threshold damming:the water between the lake and
Konnunsuo bog,

Huhmarinen bog 1and?2 (diagrams 5. and 6.,
Figures 10. and 11). On the western side of Huhmarisen-
vaara, about 8 kilometres to the southeast of the iso-
lation threshold, there is a bog, a part of which was
submerged before the year 1859. A 1 metre high cliff in
the peat shows the location of the 100-year-old shore.
Sample 1 was taken from that part of the bog which was
not submerged. On the bottom, the peat lies directly on
mineral material, and there are no limnic sediments be-
tween them. This proves that the place where the sample
was taken was a forest which later became embogged.
The deepest place in the bog is elsewhere.

Sample 2 was taken below the 1859 cliff about 100 metres
away from the previous sample. The elevation of the bog
is about 95.5 metres. This place emerged at the end of
zone IV. At that time water was below the 94.5 metre
level. Soon after the zone boundary V/VI before the
immigration of Picea the place was submerged under a
transgression. The maximal occurrence of Alnus shown
in diagram 5 probably refers to this. After the bog had
become submerged, erosion could not have been extensive
because the place is so closed. On the other hand, no sedi-
mentation occurred after the rise of the water and there-
fore the stratigraphy shows a hiatus before the recent
surface.

Kunnaslahti bog (diagram 7., Fig. 12). This
bog is located below the shore of Old Lake Héytiinen
and a part of it is field. The peat is partly covered by sand.
The peat, containing wood lying at a depth of 100—130
centimetres, contains sticks of Betula nana. Emergence
occurred during zone IV. At that time the water level
was under 91.5 metres which made the sedimentation of
terrestric peat possible. The bog became flooded under
a transgression after the zone boundary V/VI.
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Lahdepohja bog (Sauramo 1958, p. 392, Fig.
134), (diagram 8., Fig. 13). About two kilometres to the
northwest of Kunnaslahti bog there is another bog in
which even the stratigraphy indicates the transgression.
Since the end of zone V the sedimentation of Equisetum-
and Phragmites- peat had occured on terrestric peat. The
water level in Lahdenpohja at that time was at least at a
height of 92 metres. A distinct maximal occurrence of
Gramineae in the non-tree pollen is shown in the dia-
gram and the maximal occurrence coincides with the
transgression. Lahdenpohja bog began to become embog-
ged during zone IV while the water level was under 91.5
metres,

Vierevinniem1 (diagram 9., Fig. 14). In the
draining of Lake Hoytidinen an extensive terrace emerged
in Vierevinniemi. Abrasion has formed an abrupt cliff
in this place (Fig. 15), which is continuosly diminishing
rather quickly. A sandy mud layer has emerged at the
present water level and slightly above it. The layer con-
tains many tree trunks, stumps and other organic residue.
The amount of organic material decreases clearly about
0.5 meters above the present water level and a cliff com-
posed of fine sand but with only a few trunks continues
upwards. Below the tree trunk deposit the organic mate-
rial soon decreases and at a depth of one meter, clean
fine sand is to be found.

Fig. 15. Vierevinniemi. An abrupt cliff eroded in the
sandy terrace of Old Lake Héytidinen. Near the water
level tree trunks and stumps.

This deposit with the trunks indicates the water level
at the time during which the trees were still growing
quite accurately. After the shore had advanced further on
dry land the trunks fell down into the water. As similar
development can be seen in Vierevinniemi at the present
time. The shore sediment, which is stratigraphically com-
parable with the tree deposit, is not of the same age.
After the trees had become submerged, no sedimentation
occured in Vierevinniemi because of the openness of the



place. This can be seen in the shore profiles which show
that the sedimentation of sand before the year 1959 only
occured at a depth of 4—5 metres.

At the time of Picea’s immigration the water level was
so high that fine sand drifting from the shore covered
the trunks. The lowest samples probably formed as early
as during zone V. It is hard to determine the hiatus in
the stratigraphy. Only C-14 dating could throw light on
the determination of the age of the shore and the tree
layer.

A diatom analysis was made of the samples (Appendix
1V). The flora is heterogenous but indicates the nearness
of the shore. Most diatoms are littoral forms or belong
to the littoral plankton. The frequent appearance of Cyc-
lotella comta during the Hypsithermal interval shows deep
water of southern Lake Hoytidinen (see Molder 1943).
The species differ slightly from the diatom flora of
Kiiskisensuo bog. Ecological factors in the wide, open
waters in Vierevinniemi differ from those in Kiiskisensuo.

Numerous bog studies of the Lake Hoytidinen region
have been published in the work of Sauramo and Auer
(1928). Two diagrams of that investigation are presented
in the present study, and the zones have been marked
in them.

Samples taken from the upper end of Kontio-
laht: bog (Sauramo and Auer 1928, Appendix 1V),
(diagram 10, Fig. 16) prove that the water level during
zone V was about 87 meters, because at the same time
accumulation peat was deposited at this level. The uppet-
most Bryales peat is recent. The abundant appearance of
Corylus at a depth of 85 centimetres is surprising but the
maximal occutrence of Pinus is so clear that dating was
possible.

Paskonpohja bog (Sauramo and Auer 1928,

Appendix 1V), (diagram 11., Fig. 17) is located near the
Puntarkoski at the southwestern corner of the lake. The
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emergence occured at the zone boundary IV/V. Tet-
restric sedimentation continued for some time after the
zone boundary V/VI until the water overflowed the bog
which was logated at a height of 94 metres. No telmatic
or limnic sediments appear above the Sphagnum-peat.

The Flandrian history of Lake Hoytidinen
Shore investigations

The shore of Old Lake Hoytidinen is most
distinct at the southern end of the lake where
Jaamankangas, composed of abundant loose
material, and all the eskers are located. Further-
more, the widest open waters of Lake Hoytidinen
are in the southern part of the basin and, addi-
tionally, a transgression occured in this area.
Therefore erosion has had an increasingly higher
reaching effect in this area. At the northern end
of the lake, on the other hand, quite opposite
factors have prevailed and the development of
shore formations has been obscure. On the
northwestern side of the »tilt-axis» crossing the
Polvijirvi threshold, no open water area exists,
shores are rocky, till covers slopes and the water
level dropped continuously. Due to these factors
the shores are incomplete.



88 Matti Saarnisto

Formations of the shore of Old Lake Hoy-
tidinen are morphologically dominant in the
emerged zone at the southern end of the lake.
On shores which have developed in glaciofluvial
material one finds that the distal slope of the
terrace which is formed of ice driven stones is
as distinctive as the cliff. This may cause con-
fusion when determinations of the elevation of
raised beaches are made. The shore of 1859 has
covered and partly eroded all shore marks below
it and thus made the morphological investigation
of the earlier stages of the lake impossible. Of
the shores eroded in glaciofluvial material often
only most recent one can be seen when shores of
different ages coincide. This is an obvious ob-
stacle to the investigation of raised beaches. In
regression areas, where before the draining the
1859 shore was lowest, it is not even possible to
draw synchronous shore lines on the basis of
obscure shore marks.

Marine raised beaches. Numerous
observations concerning raised beaches were
made on the same shores as those on which the
1859 shore is most distinct. Marine raised beaches
are all older than the zone boundary IV/V.
Therefore, it is not possible to check the shore
lines, determined by morphological observations,
by pollen analysis. The observations on raised
beaches are shown in Appendix V.

The Lake Hoytidinen region, which had been
eroded earlier deeper than the neighbouring are-
as, was a Zungenbecken during the last advance
of the ice. The ice could not cross the threshold
at the southern end of the lake. The height of
the threshold was at least 50 metres (the depth
of Lake Hoytidinen at the southern end of the
basin is 50 metres, and at Puntarkoski bedrock
is visible at the present water level). Jaamankan-
gas formed on the threshold at the ice front.
The retreat of the ice began from this end mo-
raine in about 8 000 B.C. (see Fig. 2), and ac-
cording to the varve chronology (Sauramo 1928),
the ice front was at the northern end of Lake
Hoytidinen in about 7 850 B.C. Jaamankangas

formed during the Yoldia stage of the Baltic
Sea. The highest shore line at Lake Hoytidinen
corresponds, according to Sauramo’s (1937) clas-
sification, to the level of Y I. At the end of
this stage, ice still existed at the northern end
of Lake Hoytidinen and therefore the highest
beaches there are even yonger. Water levels
(Sauramo’s Y II and Y III) cannot be graphi-
cally illustrated because only a few observations
concerning the waters of the upper Yoldia and
the relatively distinct youngest Yoldia (Sau-
ramo’s Y IV) are available.

The shore of Sauramo’s Y IV is located at
the Polvijirvi threshold (at the southern end of
Lake Mertajirvi) about 7 metres above the
threshold. This point is the only possible iso-
lation threshold because the terrain is so high
in other places. The first distinct water level of
the last Yoldia stage, the so-called Echeneis Sea,
is as much as 20 meters below Y IV (Sauramo
1937). According to this, the youngest marine
boundary at Lake Hoytidinen was Y IV. Thus
the isolation of the lake took place at the end of
the Yoldia regression. There is no evidence that
the Ancylus transgression of the Baltic Sea
reached Lake Hoytidinen.

Some authors have assumed that there was an
ancient connection between Lake Pielinen and
Lake Hoytidinen (Sauramo 1928, 1958; Tolvanen
1926). According to these theories, Lake Pieli-
nen had an outlet from Nunnanlahti in Juuka
to the northern end of Lake Héytidinen before
the present outlet opened. Hyvirinen (1966, p.
37) agrees with Sauramo’s original opinion
(1928), according to which the outlet was active
already at a much earlier date when the water
of the ice-dammed lake was discharged into the
northern end of Lake Hoytidinen. However, the
isobases of Yoldia IV lie distinctively below the
outlet, proving that no connection existed be-
tween Lake Hoytidinen and Lake Pielinen.

The Isolation, Lake Hiytidinen as an independent lake

It is obvious that the shore line of Y IV was
about 7 metres above the isolation threshold of
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Lake Héytidinen. Kilpi (1937, p. 52) points out
that the shore line number VI determined by
him is 7 metres above the isolation threshold of
Lake Pielinen. This shore line corresponds to Y
IV (Kilpi 1937, p. 108, Sauramo 1958, p. 398).
The conclusion may be drawn from this that
the isolation of Lake Pielinen and Lake Hoytidi-
nen occurred at about same time. Since the land
uplift at the threshold of Lake Pielinen has been
more rapid than at the threshold of Lake Hoyti-
dinen — the shore of Y IV is over 60 meters
higher — the isolation of Lake Pielinen probably
occurred somewhat earlier. According to Hyviri-
nen (1966, p. 37), Lake Pielinen was isolated at
about 6 900 B.C. and consequently this is the
earliest date for the isolation of Lake Hoytidinen.

Sedimentation of terrestric peat at the bottoms
of the bogs investigated at the southern end of
Lake Héytidinen occured during zone IV at such
a low level that Lake Hoytidinen must have been
a lake at that time because the water level was
so low. The zone boundary IV/V in the Hoytidi-
nen region dates from the year 6 500 B.C., which
proves that the lake was isolated before this.
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Thus the isolation can be bracketed between the
years 6500 — 6900 B.C. It probably occured
closer to the year 6900 B.C. because already
during zone IV, 20 centimetres of peat had
been formed. According to Sauramo (1937,
1958), Y IV ended in 7 400 B.C.

The changes in diatom flora do not indicate
the isolation because the water of the Yoldia
Sea in northern Karelia was fresh. The diatom
succession of Kiiskisensuo bog indicates regres-
sion which is shown by the stratigraphy.

The isolation shore cannot be morphologically
determined. The lowest terrestric sedimentation
at the southern end of the basin was determined
by investigating the shore bogs. By stratigraphy
it was also possible to investigate the water
levels after the isolation. The results are pre-
sented in the same equidistant diagram as the
morphological shore observations (Appendix
VI). The results concerning Jaamankangas and
Martonvaara are shown in Fig. 18. The broken
lines (Appendix VI) showing the water levels
determined by stratigraphic investigation are ten-
tative. A shore line based both on shore morpho-
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logical and litostratigraphical observations can-
not be found at Lake Hoytidinen and therefore
a comparison between the different methods is
impossible.

In the bogs of Lahdenpohja (diagram 8) and
Kunnaslahti (7) terrestric peat had formed al-
ready at the end of zone IV. If in the equidistant
diagram a line is drawn which passes through
the isolation threshold and the lowest boundary
of terrestric peat, the highest possible altitude
of the isolation shore on the southwestern side
of the tilt-axis and its lowest possible location
on the northwestern side of the tilt-axis may be
determined, assuming that the shore line is linear.
At Vierevinniemi, this shore line is situated
slightly below a stump deposit located at the
present water level. An more accurate determi-
nation of the isolation shore by stratigraphy is
impossible. The gradient of the determined shore
is 49 cm/km. The gradient of the isolation shore
of Lake Hoytidinen determined by Sauramo and
Avuer (1928) is 39 cm/km and the dating of the
isolation, based on this information, is between
6800 and 6900 B.C. In other words, the age
corresponds to the conclusion of the present
study.

After the isolation, a transgression began on
the southeastern side of the threshold and a
regression on the northwestern side. During
zone V water overflown the forests of Vierevin-
niemi (9) and the surf had eroded eatlier deposits.
The Lahdenpohja bog (8) was submerged at the
end of zone IV and the formation of Equisetum-
and Phragmites- peat began. The terrestric peat
development continued during zone V in the
Kunnaslahti bog (7), which at that time was on
a higher level.

The beginning of zone VI seems to have ac-
celerated the transgression. Already at the be-
ginning of this zone, the bogs in Paskonpohja
(11) and Huhmarinen (6) were submerged, as-
suming that later sediments have not been
eroded. The acceleration of the transgression was
probably caused by the humid climate during
the Atlantic period which increased the amount

of water in the basins. The narrow, shallow and
bending outlet of Lake Héytidinen could not
discharge the surplus water. In regression areas
this slowed down the receding of the shore line.
The broken line describing the shore line at the
beginning of zone VI is half a meter above the
Polvijirvi threshold and indicates the increased
amount of water. In Konnunsuo (4) on the tilt-
axis, beach-sand formed above the isolation
threshold.

In the middle of the Hypsithermal interval,
the regression strengthened and the transgres-
sion slackened. Viklinsuo bog (3) emetrged. In
Kiiskisensuo bog (1) clay-mud formed after the
zone boundary V/VI. Only a short time before
Picea’s immigration a transition occurred and
the sediments in Kiiskisensuo became terrestric.

Since the immigration of Picea (5000 B.P.)
the water level rose at the southern end of the
lake about 2.5 metres until the year 1859, and
went down at the northern end about 2 metres.
If this measurement is accurate, it might be
supposed that the tilting of the land — 1 mm
per annum — has been almost the same for
5000 years. The tilt-axis is situated almost in
the middle of the SE — NW oriented longitudi-
nal axis of the lake and thus the regression in
the north has been 0.5 mm per annum and the
transgression in the south 0.5 per annum, or a
total of 2.5 metres in 5 000 years.

The rhythm of the water level fluctuation has
not been observed since the immigration of
Picea. The changes of water level, in any case,
have been so small that it would be unsafe to
draw any conclusions on the basis of pollen
chronology, especially since no distinct transi-
tions in pollen stratigraphy have occurred at
Lake Hoytidinen since the immigration of Picea.

In the year 1859 the water level in the lake
had reached the 97 meter level. Frequent floods
at the southern end were one reason for the
draining. In August 1859 the dams of a canal
being built in Jaamankangas broke and water
eroded an outlet 10 kilometres in length and
0.5 kilometres in width into Lake Pyhiselka.



Within one month the water level sank by about
9.5 metres. The old outlet, the Viinijoki stream,
dried up. Nowadays, Puntarkoski Rapid in the
new outlet has been dammed so that the changes
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of water level in Lake Hoytidinen are no longer
determined by geological development.

Mr. Arto Laitinen translated the text into English for
which i want to express my sincere thanks.
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Explanations for Appendices

Appendices I—II. Shore profiles.

Appendix III. Diatom diagram of the Kiiskisen-
suo bog.

Appendix IV- Diatom diagram of Vierevin-
niemi.

Appendix V. Map of Lake Hoytidinen with the
names of the places used in this study showing
the sites of shote observations and sites for

pollendiagrams. Site 5 for raised beach is miss-
ing, but should be immediately east of 4.

Appendix VI. Shore-line diagram of the basin
of Lake Héytidinen. The direction of the base-
line and the explanation for the observations
on the raised beaches are given in Appendix V.
The broken lines showing the water levels,
determined by stratigraphic investigations, are
tentative.
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Appendix II
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Appendix IV
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Appendix V
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