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PREFACE. 

The post-G1aciaJ cll anges (01' disp laeement) of tlle shol'e-line in 
South Finland was first dealt with in G. De Geer':,; paper (1894). in 
" 'hieh he mentioned a num bel' of observations concerning raised shores 
on either side of the Gull of Finland. Soon after (1 HDß) H. Herghell's 
,;tudy dealing with tbe Quatel'l1ary ebanges of the sbore-line in South 
F'inland lras published. 130th De Geer's and Rerghell's studies were 
l,ased on seanty material ' and the age of the aneient beaehes was 
estah lished aeeording to the eustom prevailing at that time on the 
batlis of the altitude of t he shores. At that time the h istol'Y of the 
development of the Baltie \\"as uivided into three epochs : the Yoldia 
~eH . the Ancylus L al.;:e and thc Littorina Sea. It was t hought that 
the shol'e-surfaces of these three stages were situated at d.efinite. 
';lIccessi vely lo\\"er levels , beginning with the Yoldia I\"hieh at that 
time represented the earliest phase in the development of tbe l3altle. 
Jn determining the age of the shore-Ievels De Oeer's and Berghell's 
f'OnClll, ions naturally C'ontainecl errors and the maximum limit of 
the Littol'ina Sea. in particular. II"aR plaeed in most of the observa
tion ites at too high a leveJ. 

Xeyertheless. these researehe ' pl'ovided a basis \\"anted for the sub
seqllent unravelling of tbc 1110vement of the shore-Ievel in Finland. 
In 1020 Professor W. Ram.·ny published a paper. in whieh he dealt 
\\"ith the highest limit of the Littorina Sea in SOllth Finland. This 
stllcl,v 11 as principall" based on cliatom researehes made by H. Lind
herg. on the basis of II'hir'h Rami:lay establishes the maximum limit 
of the Littorina Sea in Val'iOllS districts in South Finland. These 
oU,'eryation data were also seanty and only a fe,,· acülal identifiea
tions of ancient shores are brollght into eonnection with them. The 
rf'RlJ\t. hOI\·e'.'er. is eOlTect in its main features as regard the maximum 
limit of the Littorina. 8ea. In 1 D21i a fresh study by Ramsay on the 
displacel1lent of the Littorina. Sea shore-level appeared. in 'whieh the 
relation of Stone Age settlement to the change:; of the shore-line was 
sllujected to detailecl examination throughout the whole region of 
the 13altic. 

Professor Ramsay"s \\"ork was prematurely interrupted by his 
cleath in 1928. so that he harl on Iy had time to treat the problem in 
IJroacl line nnd to establish, in an ingenious \\"ay, the general natural 
(·all,·es of the <,hanges of level. After him Professor M. Sauramo. in 



i'i 13\lllctill de In COlllllli .. sioll gl'olo!!·jqlH' d(' l:'inllllHlp ~:O L:.!O. 

particular, has done productive anel thorough \1"01'1\. in explaining 
the development of tho "'hole of the Haltic ( 1. Sauramo 19J 8. H)~:3. 

Hl28, L929 a. 1929 b. Hl30, 1933. 1934, 1937). During the lat:;t ten 
years his pupils haye carrieel out studies concerning the post-UlaciaJ 
changes of the hore-line in vurious parts of Finland. 

In Ramsay's researches referred to above some stratigrapbical 
evidence was brought forward for the first time i.n Fillianel in support 
of the chronology. Similar studies had all'eacly been made earliel' in 
8\\'oden. The -tratigraphieal in vestigation gainee! in importance 
especially after L. von Post in L916 hael publi, herl hi age diyj"ioll 
of the peat deposits of South S\\'erlen basod on il1\'estigation~ into 
theu' quantitative pollen contents. He himsel! anel several other 
~\I"edish geologist· have subsequently de\'eloped thi' chronological 
system and applied it to researehes into the Quaternary displaeement 
of the shore-line in conneetion \l"ith subfossil eliatom flora. 

I wiU only reIer in this eonnection to 13. Halden's papel' of I H 17. 
in whioh he stucliecl the post-Glacial clisplacement of the shore-Ieycl 
in Hälsingland as recorded Ly the subfossil diatoms. In his stud.\' 
the beginning of the common occurrence of P~'cea anel the C'orrespond
ing position of the sea-level formed an important chronological point . 
U. Sundelin (1 !l19) also made use simultaneow .. :I.v of the evielellcc 
~mpplie(l by the pollen flora and the diatoms in stllclying the late
(~,uaternary histor,v 01' East-Götaland (Gothia) amI Smaland. Sin('e 
theso researches very many studies 01 the post-OIacial changes of the 
shore-line have been publi heel in Rweclen , in ",hieb micropctlaeoJl 
tological dating occupies a very prominent position . r sha Il ha \'e 
an opportunity of referring to these investigations in connectioll 
with my treatment of the present subjert. 

In Finlanel Profes, 01' Yäini'l Auer laiel the founclation for thC' 
quantitative investigation of pollen grains ("o ntained in tbe late
Q,uaternary clepoi::iits am1 the dating basec1 Oll them. Already in In:!:~ 

he published a scheme for future peat-geological research in Fill 
land and laiel particular stress on the fil'., t appearanl'E' of S]Jrllce for 
establishing the position of the contell1poraneous shore-level in dif 
ferent parts of the country. Auer extendecl this plan for the peat
geological work in 1924, when he published Cl pamphlet on the suh
ject: »:Eräitä vastaisia tehtäviä suotn tkimuksen alaUa. RUOmei::iSCl» 
(Some future problems in the investigation of peat hogs in Finland). 
fn this scheme Auer further emphasised the nece 'sity of cleterminin@: 
the absolute date of the immigration of spruce as adefinite ohrono
logical point. By making investigations at suffioiently close in 
tervals from th e sea coast to\\"arcls the interior it should be possihle 
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to ascertain the position of the sea-level at the time of the appearance 
of spruce. The inclination of tbe shore-level at the time of the isola
tion of lakes and the composition of the pollen flom that corresponds 
to the isolation should 111so affOl'cl definite chronological data accorel
ing to Auer. By the correlation of pollen diagrams on the basis of 
sufficiently extensive materials the different positions of the shore
Jine during the post-Glacial eporh should be ascertained for the whole 
conntry. 

At Auer's instigation anel guieled by his valuable stuelies (V. Auer 
1923a, 1923b Hl2..J.a. 1924b, Hl27a, 1927b, 1928, 1933) peat-geolo
gical research was started vigol"ously in Finlanel amL pl'oveel of very 
great benefit in establishing the post-Glacial shifts of the shores as 
weIl as the elevelopment of forests and dimate. We can, indeed, no 
longer speak of the first appearance of spruce allel of its pollen limit 
oxactly in their former meaning. Instead there are some othel' 
synchronous phases in the development of the pollen flora thai
pl'ovide important bases for dating in Quaternary geological research. 

1 employed this stratigraphie al methoel of investigation for the 
first time in a paper that I published in 1932 on the ]Jost-Glacil:l,~ 

changes of the shore-line on the Karelian Isthmus. This study advanced 
our ImowJedge of the displacement of the shore on the Isthmus anel of 
the development of the fOl'ests a step further , though in many respects 
it was still imperfeet. After publishing my paper on the Karelian 
Isthmus and partly even before, I continued my studies of the move
ment of the shore-line along the coast of the Gulf of Finland west
ward trom the Isthmus. At the same time I carried out furthE'r in
vestigations on the Kareli.an Isthmus in order to check 111Y former 
results. 

I canied my researches in the \\"est as far as the Helsinki distl'ict. 
so as to include the greater part of the coastal elistrict of South 
Finlanel, as the accompanying map (Appendix I) shows. The special 
object of my study was the change of the Littorina Sea shore. 
In addition, however, I devoteel my attention to pre-Littorina and 
even post-Littorina beaches anel the establishment of their age. 
YI:y abundant pollen anel diatom materials also enableel me to touch 
on some questions concerning the chronological employment of the 
subfossil microflora. WhiLe working on my pollen materials I was 
111so ineluced to considel' the development of post-Glacial forests anel 
dimate in South Finland. I have, however, not been able to n.eal 
with these latter questions in detail in this connection. 

It was already obvious from my study of the Karelian Isthmus 
that the Littorina Sea ,,"as transgressive there towards the land. The 

:HlOX , :n 
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question arose wheth r tlte Litturina ea was also transgre 'siv 
\\'ithin the province of "( usimaa as Ramsay, for instance, had 
assumed, at any rate aR regarels the eastern part of the district. lt \ms 
specially important, too. to ascertain whether tbe Littol'ina maximum 
limits of the Karelian Isthmus and Uusimaa \\'eJ'e synrhronous and 
" 'hetller other delay occurrerl in the retreat of the shore in South 
J?inland besides the one that represents the Littorina transgres ' ion 
maximum. In trying to solve the latter question r also stuelied the 
mutual relation bet"'een the Stone Age coastal settlement and the 
J'etreat of the shore. 

To these principal questions in my ·tucly I provided a partial 
answer already in 1935, ",hen I published preliminary data regarding 
the post-Glacial changes of the shore-line in the Helsinki district. 
Kow] am able to deal with the 'e questions on the basis of my entlre 
material. 1y \\'ork is not complete even now in regard to many 
details of the que ·tions to be settled. 1 believe, hOIYever, that 1 
am able to give a co1'rect iclea of the post -U lacial displacement of 
the shore in Routll Finland on the hasi:-; of it. · at an.\' rate in ih; 
l11ain features. 

I began the field " 'ork for the present im-estigation in the i::illllll1ler 

of 193] after obtaining a grant from the X. Helander foundation. 
I continLled the \\'o1'k during the following ·ummer . when the Helsinki 
,VI unicipality appointeel me to stmly the post-U lacial de\-elopment 
of the Helsinki district. Subsequently r \m,' ahle to complete m.\' 

i>tudies in Pusimaa amI on the Karelian Isthmus and to \\ '01'1< Itp my 
material anel prepare it for printing in the service of the CeologicaL 
Survey of Finland. For all this I am greatlyinclebted to Professor 
A.. Laitakari . Di1'ectoJ' of the SmVe)T. 1 began this \\'ork at the sug
gestion of 111Y teache1'. Professor M. 8auramo. He has sho\\'n great 
interest in follo\\'ing the progress of my \\'ork ami encouraged it 
by valuable advlce. for all of which I am ver." grateful. The pollen 
emd diato111 analyse for my studies ,rel'e mostly made hy 111Y assistant. 
YIiss Kyllikki Salminen, für ",hose yaluahle laboun; my special thanks 
are due. MI'. A. Valanne af'ted as my assistant in the peat-geological 
field work ancl identifiecl many of the aneient shores described in 
the present paper. Dr. A. Äyräpää , Dr. S. Pälsi and Dr. ,J. Leppäaho. 
officials of the Finni h I J ational Museum, spal'ecl no efforts in supply
ing me ,,,itb information concerning Stone Age coastal settlement 
in Sou tb Finland. I)r. E . Mikkola, of the Geological Survey. \I'as 
helpful in matten; concerning the English terminology. Last. but 
not least I wish to thank "ß'lr. Bd\l'arel Birse for translating the preRent 
paper into EngIish. 

Helsinki. December 1!)~7. 

Eso HYY}JjJii. 



()HRONOLOGICAL PRI JCIPLES. 

Before proceeding to deal with my material I must brieHy state 
the principles on which. I base the determination of the relative age 
obtained from the stratigraphy of sediments. I have made parallel 
use of L. von Post's pollen analysis method and of the evidence pro
vided by the subfossil diatom flora for eletermining the age of sedi
ments. The parallel employment oE these two methods will be pre
senteel in connection with the treatment of the material in detail. 
First, however, it is necessary to recall the results of pollen chTono
logical research that are considereel certain anel that lead to the divi
sion of tbe post-GJacial epoch in the whole of the Baltic region into 
definite periods offering different conditions for the deveJopment of 
flora and vegetation. 

In rega,rd to the development of the flora as recorded by the 
pollen grains in sediments a very distinct division can be made within 
the ",hole of the Baltic region into three parts: 1. tbe Pre-Littorina 
period, 2. the Littorina period and 3. the Post-Littorina period. 
The Littorina period is conspicuous by the luxuriant growth of mixed 
oak forests and of deciduous trees in general. It is preceded by a 
comparatively long period of development , not uniform as regards 
the composition of the forests. that includes the phases of the Ancylus 
Lake, the Yoldia Sea' (collectively) and the Baltic lee Lake (collec
tively). The Post-Littorina period is succeeded , again. by a fairly 
clearly defined period of spruce. pine and birch forests , which is 
characterised by the mass-appearancc of Picea in particular. 

This division into three periods, though in itself very reliable 
emd independent of local factors, does not suffice for a more detailed 
dating. From the point of view of an investigation dealing with 
changes of shore-line it is even deficient in this respect that the 
important limit in it, dra,nl between the Littorina and the Ancylus 
periods according to the pollen content. does not in reality corres
pond exactly to the time, when the brackish water entered the Baltic. 
The continuous appearance of mixed oak forests that culminates 
in the Littorina period . begins. at any rate in South Finland, in 
some cases already during the Ancylus regression, in others again a 
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little rater than the time. \I"hen the salt water penetrated into the 
Baltic" Nor does the beginning of the uninterrupted appearance of 
Tilicb correspond exactly to the begüming of the Littorina Sea. An 
exact limit can only be drawn between the Littorina and Ancylus 
periods in such profiles "\\"here it can be established by means of 
diatoms. On the other hand it is quite certain that the maximum 
of mixed oak forests and particularly of Tilia falls within the Litto
rina period. 

It was L. von Post (1925) who fü'st employed a considerably more 
accurate dating of a pollen diagram when studying the peat bogs 
of Gotland, a division also succesfully used and further developed 
by many other Swedish investigators. This »zone division» of the 
Swedish geologists is very good and useful in itself, if we can really 
determine the synchronous limits of these zones with complete cer
tainty in each individual diagram and also complete and modify 
this zone division so as to make it applicable on a regional basis , 
as L. von Post has done. 

Such a pollen diagram division, based on significant changes in 
the composition of the pollen flora , has not yet been made in Finland. 
The material at our disposal has hitherto seemed too small for this 
purpose. So much material, however, has ah'eady been collected in 
South Finland that a division into zones might weIl be expected in 
the present investigation. One \,"ould further expect L. von Post's 
Gotland division to have been employed, as it is apparently also 
applicable to South Finland, at any rate as weIl as to Estonia and 
the neighbourhood of Leningrad, to which such a division has 
been applied (K. K. Markov 1931 , K. K. Markov and W. S. Po
retzky 1935, P. W. Thomson 1935). 

In spite of my attemps, however, I have not'succeeded in applying 
this zone division to the material dealt with in this paper. In many 
cases it is, indeed, possible. On the other hand it has been impossible 
to carry out a division into zones consistently, as the same age would 
have been assigned to beds pal·tly of different ages, and the whole 
pollen chronology would have become doubtful on the basis of such 
a zone division. This is due to the great local influence exercised by 
various shore conditions upon the pollen composition of the sediments 
formed near the shore-line during its retreat , as we shall see later in 
connection with each individual case. 

The chronological bases for the employment of the pollen diagrams 
presented in this paper are broadly as follows. An endeavour is made 
in the first place to identify in each diagram, on the basis of the 
composition of the pollen , the time portions, 01' fields , corresponding 
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to the various stages of developlllent of the Baltic. The pollen 
eomposition of these fields in South Finland is al ready lmown in 
broad lines on the basis of the investigations made hitherto. I need 
only refer in this eonneetion to the following papers: L. Aario 
(l932, 1933, 1935, 1936) , V. Auer (1924, 19 ~8), A. Hellaakoski (1936) , 
E. Hyyppä (1932. 1933, 193,*, 1935, 1936), M. Sauramo (1934). 
Aceording to these studies, the results of whieh are supported by 
investigations made in several eorresponding areas in the region of 
the Baltie (E. Granlund 1932, 1936. B. Halden 1929, G. Lundquist 
1928, K. K. Markov 193J , K. K. Markov and W. S . Poretzky 1935. 
L. von Post 19M, !fl25, 1927 , 1928, 1933, 1935, H. Sandegren 
1932, L. Sundelin J 919.H. Thomasson 1927, 1932, 1934-, P. W. 
Thomson 1929, ] 935 ete.) the pollen flora of South Finland eorres
ponding to the various stages of development of the Baltie is as 
follo\\'s from the earliest upwards: 

1. The Baltie lee-Lake anel Y oldia Sea period. This phase of 
development is eharaeterised by bit'eh, pine and spruee pollen. 
The pollen flora representing it is on the whole fairly typieal. Never
theless, it is diffieult and even impossible in some eases to divide this 
lang period into subdivisions on the basis of the pollen analysis . 
This refers espeeially to the aqueous sediments, owing to the retreat 
of the shore-line having affeeted the aeeumulation of pollen grains. 
Tn many eases, ho\\'eyer, the Y oldia field whieh is rieh in bireh, 
ean be distinguished from the field of the Baltic lee-Lake, in 
whieh pine and spruee are more plentiful. The very oldest 
deposits of the Baltie lee-Lake on the Karelian I sthmus eontain 
bireh almost exelusively aeeording to observations made up to the 
present. For this period as a \I'hole the appearanee of late-Glaeial 
Picea is ver)' eharaeteristie, being most abundant during the latter 
half of the Haltie lee-Lake period. There are also appearanees of 
pollen grains of alder and rarer deciduous trees dnring the Baltic 
lee-Lake and Yoldia Sea periods. 

2. The Ancylus Lake period. This phase of development of the 
Baltic is an age of pine and bireh forests. It is characterised by the 
predominanee of Pintl8 in the pollen eomposition which often appears 
as a prominent maximum of pine. The continuous curve of alder 
and the isolated appearanees of rarer foliferous trees begin during 
the latter half of this period. The maximum of the Ancylus trans
gression is a fairly pure period of pine and birch forests. Pinu8 re
gularly forming a clear maximum. Post-Glacial Picea has no\,
disappeared altogether with the exception of diseonnected scattered 
a ppearanees. 
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3. The Littorina Sea pet·iod. This field is characterised by the 
maximum of mixed oal< forests and among these particularly of 
Tilia, ~while at the same time deciduous trees generally tend to be
come the dominant trees during this period. In the first half of the 
period the pollen grains of Pint/so ho\\'ever. are fairly plentiful , but 
in this respect local factors exert a ronsiderable influence. especially 
in the case of aqueou sediments. An abundance of rare decidlloll'" 
trees and particularly of Tilia is a sure and infallible sigll of the Lit
torina period. The beginning of an uninterrupted appearance of Tilia, 
however, does not always coincide \I·ith the beginning of the Littorina 
Sea. Picea also comes back now. though this appearance dom; not 
occur simultaneously throughout thewhole region. for in East Fin
land spruce appears carlier in the Littorina period than in West 
Finland, where the continuous appearance of Picea onl.\' begins at 
the end of the Littorina period. 

+. 'fhe Post-Littorina pel'iod. The Littorina is considel'ed to 
come to an end, where the uninterrupted appearance of mixed oak 
forests ends and Picea begins to attain its post-Glacial maximum. 
'fhis limit , too, is not always sharply clefinecl in the coastal region. 
The post-Littorina field represents aperiod of spruce. pine anel birch 
forests; pollen of AInus appeal" sparsely and there ü; 110\\' anel then 
a scattered appearance of rarer cleciduous trees. Within this 
comparatively long phase of clevelopment it is possible in some ('ase::; 
to distinguish subdivisions. I will. ho\\"ever, postpone the questions 
concerning a more cletailed timing until I deal ,üth my material. 

The general outline 1 have given 11e1'e of the type division of the 
South Finnish pollen flora corresponcling to the clevelopment of the 
Baltic is intendcd to facilitate tbe reacling of the pollcn diagrams. 
besides which it saves the author from recapitulating the preliminary 
principles employecl in the c1ating of these pollen cliagrams in each 
case. As a substantial example of the above division I give two 
diagrams of the Viipuri clistrict, Fig. 1 and 2, which at the same 
time represent the cliagram type of the Karelian Isthmus particularly 
with regard to Picea. 

1 should mentiol1 , too , that the employment of diatol1ls occupies 
an important position in this study for a more precise delimitation 
of the periods. In those pollen diagrams, the field division of wh ich 
is based solelyon the composition of the pollen flora. the limits of the 
time fields cannot be maintained quite exactly. Nevertheless, one 
does not run the risk of making any grave erro1's in dating tbe normal 
diagrams. 
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l<'ig. 1. Profile of tl1l' Pipnjäl'vi bog. 

1 = Picea , 2 = Pinus. :3 = ß c tula, 
4 = Ainus. 5 = rare d pc iduous Ü'eps 
('xcp pt ing Tilia. 6 = '!'ilia, 7 = t otal 
of ra re d ec idllouS tl'ees. 8 = t o t a l 
of co nife rs , 9 = tota l of d ec iduous 
tl'ees. (' I = Cor~-lus 1 %. 1.) 1 = 
Ulmus 1 0 0' Q 1 = Quercus 1 0

0' 

The e Ul""e on the l'ight in the dia
gram )"l'fll'c ts the eha ngl'>; of lev el 
above th o bog basin. + indicating 
the )"i ·ing . - the sinking of the \m
tel'-10v el. Analyst H. Lavanni. 

Fig. 2. Profile of th e Lüimärä bog. 

B = ßaltic l ee Lak e p eriod. Y = 
Y oldia Sca p eriot!. A = Ancylus 
Lake period. L = Lit torina Sea 
p eriod. PI = P ost -Litto l' ina p eriod. 
/I.l'la lyst A . Yalantl<' . 

In making the eliagrams of the pollen al1a1yses 1 have emp10yed 
the same methoels of elrawing as in my papers: E. Hyyppä 1935, 
1936. The exp1al1atiol1s of the desigl1atiol1s for 100se deposits anel 
other sigl1s useel will be foul1d in Fig . 3. 
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Sphagnum pe",l; 
s/ighf/y hurnifi"ed 

Sphagnurn pes!; 
sfrong/y humifled 

Eriophorum pesl 

E riophorurn-Sphsgnurn peBf 

Carex pesl 

C srex- Sphagnurn pes! 

Brown moss pes! 

Brown rnoss -Sphsgnurn pee! 

Carex-brown moss peaf 

Conif'er peaf 

Carex-coni"ter peaf 

Sphagnum-eonifer pesf 

Deeiduous free peaf 

Carex-deeiduous free pesf 

B ro wn rnoss - deeiduous 
Iree pes! 

Carex-Sphagnurn
eonif'er pea! 

Sphagnum-Carex
deeiduous tree peal 

Mixed foresf pesl 

Corex-mixed /öresf peaf 

S phagnurn - Co rex -
mixed toresf peof 

Dwarf' shrub peol 

Sphagnurn- dwsrFshrub peaf 

Carex-dwarF shrub peaf 

Fern peaf 

Eguiselurn peaf 

Carex - Eguisefum peol 

PhrtJgmifes pe at 

PhrtJgrni!es-Carex pesf 

A//oehfhonous peaf 

Mud- /ike peaf: 
rnueh deeayed 

Limnie mud 

Coarse defrilus ooze 

Fine delrilus ooze 

Lime ooze 

Dia 10m ile 

Shing/e 

Besch stJnd 

Sand 

t:::::::::::::::::::] S i/I 

1:::::::::::::::'::1 Varved sill 

~===========1 C / t'1y 

1 1 Varved c/ay 

C/ay ooze 

Esker grave/ 

77/1 

BedroCk 

Brown mo.u-dwBrt shrubpe,,1 1 ~ 1 Stumps 

Fifl:. :3. Explanation,.; 01" tlw ROi! d(';;ign'lt iOIl"; lI";'·(l. 
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HELSINKI DISTR.ICT AND AREAS TO THE NORTH OF IT. 

RAISED SHOREf:i. 

The loealities investigated in this area are indicated on the map 
(Appendix I) by numbers in blaek eircles. The numbers refer to 
sm aller areas studied in some detail, in whieh aneient shores were 
established (one 01' several) and the peat hogs were investigated. 
The shores were in general levelled from fixed points of the preeision 

'Phot o E. II)" yppä. 

Pi g . 4. vVaw>·cut eliff (LI ) in Puodillk~· l;t. 30. :J lll. >t buw> ~('a.l('n>l. 

levelling (Suomen Tarkkavaakitus 1910) . In some cases fixed points 
on the topographical map were used as a starting point in the survey, 
as will be seen in the list of shore observations below (Table T). The 
ancient shores are rather ill developed in the investiga ted areas, as 
in the South Finnish coastal district in general , especially at the 
lower levels. Most commonly they appeal' as boulder rims and ramparts 
washed by waves and piled up by iee, more rarely as distinct "ave
eut cliffs in the slopes of e kers 01' of sandy accumulations . 

;1908,-37 3 
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The numerous ancient shore-levels (01' shore-fines) determineel 
by me in the surroundings and neighbourhood of Helsinki group 
themselves at some defined levels. These are on an average at the 
following heights above sea-level: 8 m., 10 m., 13.5 m., 17.5 m. , 21.:; 
m. , 24.5 m., and 30- 34 m. Besides these there are some isolated 
raised beaches at lower levels remaining below these figures, as weH 
as aseries of higher shores that also occur in several localiti.es. The 

Photo E. H l'yppii . 

. Fig. ,). BOll[Ül'1' l'ilJ1 (LI) on tlw 1'-;. cdgc of Tattal'islio hog. 30 m. 
abovc sea-1E'\' E'1. 

heights of the latter average 42 m. , 46- 47 m. , 52 m. and 59 m. above 
sea-level. In addition to these observations a number of shore-lines 
were determined in the northern parts of the region, some of ,,,hich. 
however, are rather doubtful. These average 70 m. , 85 m., anel 90111. 
above the level of the sea. 

Tbe series of shore-levels referred to, which are l'epeated in di.ffer
ent places of investigation, as the list shows, obviously mark delays 
that occurred in the change of the shore-line 01' actual transgressions 
and thus seem to represent ancient shore-surfaces, 01' sea-levels. In 
the following pages I try to determine the age of these raised shores 
by means of the stratigraphical evidence obtained by the investiga
tion of bogs. 
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THE STRATIGH,APHY OF THE PEAT BOGS. 

Kauniainen , the Gallträsk Bog. 

T h e poIl end i a g r a m. In 1935 I already published a 
pollen diagram and diatom statistics of the Gallträsk bog (investiga
tion area No. 16). The same diagram is reproduced in Fig. 7. The chro
nological division on the right of the cliagram represents the following: 

Photo E. Hyyppä. 

Fig . 6. Haised shore bar (Lg V LII) built up of ('obblC'stones on th" 
high rock hill I<:. of Tattarisuo bog .. ,9 . { m. abo\'(' s('a.lC'y(, 1. 

Lg = Late-Glacial Period, A = Ancylus Period, L = Littorina Period, 
and PI = Post-Littorina Period. The curve in the same column 
reflects the changes of the shore-level above the bog, - being a nega
tive change, + a positive change. This curve is based on the diatom 
analyses of the aqueous sediments of the bog shown in Table Ir, 
Gallträsk 1. The numbers 694- 711 in the diagram refer to the 
sampIes analysed and their vertical position in the profile. The same 
numbers indicate the analysis columns of the sampIes in the section 
entitled Gallträsk I in the diatom table. The figures 1- 5 next to the 
species in the columns indicate the frequency of the diatom species. 
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T able 1. 

Sites Locality and appearance of raised shores 
on map : 

I

· J1Jellunlcylä: 

1 South slope of the hill of Borgs prehistorieal fort. lower rdge ul 

2 

3 

(j 

7 

8 

a bOlllder shore .. . ...... . ... . ..... . ..... . . . .. . ....... . .. . 
Foot of upper bOluder rim at same plaee 

Puodin7cylä: 

N.\\!. shore uf Puodinkylä bay. slopes oi hills S. \\' . oi Puodin- ! 
kylä manor, seyeral raised bOlllder shores, partl)' faid)' pro- I 
noullced, occur above eaeh other. Here the following heights 
were obtaincd for the lower edge oi each .. ... . . . ... . .. . 

About 700 lll. N.W. of Puoclinkylä manor, elose to the country ' 
roud leading to )1almi, there is a strong stony shore eliff, the 
foot of whieh axerages . .. . ..... .. ...... . ......... . ... . .. . 

In thc same area two more rather poorly cleveloped bOlllder shores, 
the feet oi which have a height oi ... . ... . ... . . .. ........ . 

BOlllrlery groll nd washed on the beach about 1.5 km. from Puo
dinkylä manol" on the slore oi an elevation elose to the same 

I road, the foot being roughly ............... . ... . ... . ... . . . 
About ·100 m. from the former towards )[almi, foot of a slight 

wave-cut eliff . ..... .. ..... . .. . . . . . .... . ... . ............ . . 
Foot of a abrasion eliff (Fig. 4) situated across the road abollt <l 

km. )1. \\' . o[ the sea-eoast .. . ..... . .. . .......... . . . .. . ... . 

Foot oi b:ll:;(;::·~:tt~:~e~1":~:I:~lgtoSt:~:01:e:~e~:~:~'S Fa~/Jl.: ...... . . . 1 

Tattaristto neighbourhood: 
W. oi the old Porvoo road, about 500 m. ~. oi Tattarisllo bog, 

foot oi stony wa~e-eut eliff ......... ....... : . . ....... . ... . . I 
Foot oi abraSIOn eldf abollt 100 m. S. of the former ... . .... . 
Foot of fairly large abrasion eliff ab out 100 Ill. )I. of Tattari-

suo bog ............ . .. ... ....... . ............. .. . .. .... . 
Shore bar formed oi cobblestoncs, on the esker top at the 1\. end 

of a large gra\'el pit, the erest of which is ...... . .. . ...... . 
Small boss of rock on the extreme E. eclge oI Tattarisno bog, I 

bonlder rim on the slope oI the swell (Fig. 5), the foot of whielt is 
Eastern siele of the oie! Porvoo higluoae! elose to Tattarisno bog, I 

boulcler~' beach, the height of which averages ..... . .... . . . . 
Crest of a high rock rising on the E. edge of the Porvoo highroad , 

on whieh there is a conspiclloliS eobble bar thrown up by wal'e 
(Fig. 6) , the crest ayeraging ........... . ..... ..... ....... . . 

Slope oi the same rock towards Tattarisllo , shore boulders '" 
By the siele of the roael leading to the spring or Tattarisuo bog 

where a \Va ve-cut noteh is . . ........... . ... . ........ . .... . 
Tattarisuo spring. near which a strongly wa\'e-washed stony 

slope rises, the rough base of whieh is ..... .. ...... . . .. . . . I 

Stony rampart piled up by iee on the former slope ... . . . 
Iee-pushed rampart higher up the same slope ............... . 

Altitude 
in metres 

13.3 
17. 1 

H.' 
12.3 
13.3 
16.8 
t 7. ~ 

17 .. :; 

13.5 
n .. ; 

17.fJ 

17 .. ; 

ClO.3 

13.6 

2,1.:3 
21.ü 

46.0 

30.0 

ClO.o 

on.1 
,1.4 46 

:21.7 

17 . ~ 
21.7 
<l4. 1 
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I 

Sites 

lall map 
Locality "nd appcarance of raised shares 

Altitude 
in metres 

!) 

10 

II 

12 

1 South side of ÖsterslInclolll road. about 1 km . E . of Pottmosscn 
bog, foot or a clistinct shore cliff, the height of ",hich accord-
ing to thr leyelling bascel on the topogmphical map is . .... . 

'CtlOlllarin/cylii: 

Torpparinmäh hill. X. \\". or Tuomarinkylä. on the slupes uf whieh. 
especia lly at the X. end of thc swell, thcre are se\'ernl \'er" di s
tinct boulclery shore-lines. the seaward eelges of which' have 
Iwen aecentllated by iee prrssllre. H ere the fulluwing heights 
of ancicnt shures h,we bcrn levellccl starting from points on 
the topographical map ... . ... . .......... . .... . . . ........ . 

_\-eighbourlwod 0/ Hf/')wböle: 

I
Ice-plished boulder rnmparts allli aneient stony shore zones on 

the slope of the ele"at ion about 1 km. S. of Rekola halt anel 
about 200 )11. K 01 thc rail",a.,-. of the following height ..... 

Bo~l~l~~" ;'Ü;'[ 'o'r{ 't'l{e' ~i(i~ ' ~f' 'ti1~' ~l~\:,;t'i;)~ ~b~;r't' 300 ;1;'- ·~.·I~.· ~i I 
the former. its foot bpin~ ... ......... . ................... . 

S.E. ellge of thr wltivated arra around llanaböle. elose to thr 
vi lla~c, lower ('(Ige 01 a stron?; bOlllder p,wement forlllpd at 
t he shore ........ . ...... . .... . .. ' ... . .... . ............... . 

Lower cdg<, of llistinct bOlllder "im about -WO m. S. of tll<' former I 
OOllntry foud siele betwrcn llanabiilc and thc P01'VOO road , abollt I 

500 Jll. rrom thc lattl'!'. bar-lik<' shore aCCllmulation or cobblt·- I 
stOllCS elosr to the road. tbc foot of which is ........... . . . 

Boulcler shore urar the rornrpr ............ . ................ . 
I J'anaböle road siele elose to the Pon'oo roar! . foot of all abrasioll 

eliff .............. . . ... .. . ... .................. . ....... . . 
Poryoo roar! sille opposite Ilanaböle La];e. foot oi a roll~hl,' de- I 

I'inr([ wan-cut diff ... . ...... . ..... . .... . . .. . ........... . I 

"'or~o : 

1:1 Cliff along thc Ii. and S. \\'. slopes of a Jlartl~' dril't-blankl·tcd roek 

.12.0 

ca. 32.0 
,) 24.0 
,) 2+.4 
,) 20 .. ; 
,) 21.0 
,) 21.1; 

32.7 
32.2 
32.2 

3:2.2 

3~.:l 
32.1 

.i:2.o 
-lö.l 

.)2. 2 

~l(j. ,; 

hill abollt 1 km. ,'.E. of Korso station. abollt 3 111. in hei ght. 
consisting of large bOlilders. its foot IJPing ............. > .. 1 n.u 

On thc samc hili tlwrr is another more indistinct hOlilder shol'(' -13.:1 

[' itkii jiirr i (L!lIlgtrii sk) : 

IJ F,. sltofl' 01' T~ ake Pitkii.jiin·i elose to thc highroael. foot ot a distinct I 
sto n~ "a, c-cnt elrfl .................. . . ..... . ........... . 

\'ih rr/((!lkso: 

].-) H()lllder~' sbore aCtlLlllulation on the :'\. slope of the top o[ the 
long rock hili X.E. or \'ihcrlaakso. ~howillg an iet' press,,!,<, 
limit. the lcyelling or whirh bascd on the topograpbicallllap gaY(' 

r,ower edgl' of thc ,allle bOllldl'l' arcllllllllation .............. . 

3.1.1 

ca. 33.0 
" 50.0 
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::5ite::i 
on map 

Locn lity and appearance of raiAed shorc~ 

11 (/11/1 il( i/ll//: 

lli Foot (11' a sligh! <lbrasi.on tliff aIJolit J 1,111, I ~, o[ 1\<llIn iaincn sta
tiOIl :-l, o[ thr railwa,' ,,', " ',',', ' ,',',""', ', ""' , ' , ', 

17 B,' tlte sidl' 01' thr lüuiniainen- riherlaakso road , foot 01' wavr-
'cut c1iff , " , , , , " , , , , " , , , , , , , , , , ' , , , , , , , , , ' , " ' , ' , , , , , , , 

Siele 01' thr .\laistl'rintir st r!'('t ill I\allniainell lo\\'pr rd!!,r of bOllldrr 

I 
S, fi,n;n'd' (; i ti,;, 'I;, ;,~~ 'r~~i;' ~\;' ~I'I':\ : ~t 'I~ ~;, ;1'i;; ;~(:I;,' i I:P~i-' ,;( ;,' ;,~i)'b'!;' 

haI' throwll IIJl IJ~' \\,lIV('S ,. " .. ,., . , .. ,.",.""'.'"".,, 

illlgll/l/Ild: 

Altitude 
in metres 

33,l 

33,0 

33.3 

48,0 

18 S. 01' .Ilagallind lllanOL foot of ",ave-cut diH ' . ' . '" , . , . .. ", :21.0 
Another sllla lirr notch abovr thc fOTmer '., ... "",' .. , ... " . 25.0 
W. shore o[ thl' Inl,\' ot .I so IllIopalahti , 10\\'l'l' cdge of hOllldrr shorc 7. ~ 
~owel' t'dgl' o~ bOllld,rr beaeh 011 the fOl'llwr pllll'r ,.""' .. ,,. 13. ~ 
I'oot 01' lIb raslon cllll................. .. .. .. . ......... I 21.1 

O/iko[l(: 

J\J I .\lound of till on :-l,I~. l'dgl' of the roaü abollt ~ kill. frolll .Ilin·i
haara tow<lrds Ohkola, on the slope of whielt tlwre is an in
distinet bOllldl'r rilll , Its low!'r edge according to the le\'Plling 
baseel on tlw topographical IlHlp is . .. "".".,. , .. ,.,'. ' . 

~o 

~l 

:'\.E. cdge o[ thl' fiplds arolllld Ohkola "illagr, 10\\,('1' l'llgl' of IJonl<ler 
shorr . Ir"r ll pd 1'1'0111 a point on thr topographieal Illap 

lle/'llt'll/ljiirr i : 

Ancient stru ngl\' "'<!"l'-washrd sho rl' ZOlll' :-l, of Lake l\era\'<lIl
jär\'i, quitt' ' oil S. edge 01' thc cOllntr~' road Irl1dinf( to the Hi
dasjän' i road . thc lower cdf(<': o[ which,accordin!?; to thc Irve l- I 
Img based Oll thc top0f(raplllcal map. IS .,."""",."", 

Upprr linli t 01' thr ~amc boulder zone. , .. , , , . , , . ' , , .. , . . ' 
I Stony ,horr dirl' in the nrighbonrhool] 01 thl' forn1l'r " ."., . 

Hllin/am/li: 

I 
AIJout 1 kill. \\', 01' Lake I\rnl"anjärYi alollf( thc (,olliltry road. 

By the sidr of tlw road thcre is a boulcler rampart . thc foot 
01' \\'h i ('11 , lI('('ordin!?; to tlw topographieal map, is ' .. ,."., ' . 

I 

_Yu"'lI' i: 
On thl' esk,,]' slupe by the siele of thc l-lyvinkiiii J'oad ",herc it 

follows an cskr r betwecn Nnkari anel 'rllusula. two wave-cllt 
diffs appr;U' olle . abo\'~ . t hC other. thr lowrr 01' whieh, accor-

I (]mg to thp topographlCa l Illilp. IS .. ,.,."., ' .,." . ,'. ', '. 

The foot 01' tltr IIpprr r1ifl' is ., .. ,' , ." .... ,' .. .... " .. ,.,'. 

1'el'l'i/ii: 

:23 .\.bont J kill. duc X. of Hllslltjiiryi. about 0.5 kill. \\'. of tlll' 11\'-

tao tl·tll 

» l:l8.o 

ca. 85.0 
» 94.0 
,) 84 ... 

('11.90.0 

ca. ö8.0 
» 73.0 

\'inkää highroad .. \. bOllldery ",aw-cllt noteh on thr \\. , edge 
of a bog. the foot or ",hieh. acco rding to the le"clling based 
on the topogra phical mup, is , .... "., ' .. ,."., .. , . , ... ,.. ca. 69.0 

'rhe sanw beach rUIlS across the highroacl on thl' rdgc 01' thl' clIl- I 
ti"ated plain S.E. 01' thr hog. . , 
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Of these 1 = very scarce, :2 = scarce. 3 = general, 4 = ab undant , 
and 5 = very abundant . 

P l' i n c i pIe san d met h 0 d s 0 f t h e dia tom a n a
l .y s i s . As to the diatoms, I have in the first instan ce taken into 
consideration those species and ecological associations which are 
of th e greatest importance in respect to the displacement of t he shore-

Fig.8. 

Fig.9 . 

.9 

J=r;- ""',,W g 
Fig. ·7. Fig. 10. 

Fif! . 7. Vrofilc N o. 1 of tJH' Ualltl'äsk b og. Analyst E. Aurola. 

1 =. Picea, 2 = l'inus. 3 = Hetula, 4 = Ainus, 5 = 1'a1'(' d ec idu ous t rees 
('xcppt ing l'ili a . 6 = Tili a. 7 = total of l'a rp dpciduoLls tl'pes . 8 = total 
of ('onife f·s. !) = total of deeiduous trees. U 1 = COl'ylus I %. Ca I. = Uar
[J inus I. 00' L; 1 = 'C'lmus 1 %, L g = L at p-Clacia l pC'riod. A = Ancyllls p e
riocl. L = Lit torina period, PI = Post-Littorina p eriod . ~ = posltlve change 
of thC' shore -luw. - = negative change . 694- 711 Nos. of sampll's . :31 .7 m. 
height abo\'e thc sea. I'.:xplanatiom; of signs for t h C' cliffC' I' C' llt kinds 01' d eposIts 
on pagC' 16. Fig. 3. 
Fii!'. 8. Profile of the Gallträsk bog X o. 2. Anal~'st E y llikki Salt ni llPIl . 
Fig. 9 . Profile of the Hanabök bog. Ana lyst E. H~·~'pp;i. 
\,'ig. 10. ProfilC' of thC' K OI'RO boi!' X o. 1. .~nal.vst E. Hy~·ppä. 
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Table H. 

t:all-

• \ lIa I. K . i"ialminell 69! I 696 ü!li l ü!l8 , ü!l9 iOU I i02 703 iO! 70.) iOG 

I 
. t III)J/wra arenicola v. lIlajor . .......... +1 3 

capitato .. . . . .. . . ............ 

:21 
1 

commutata . . . . . . . . . . . . . . . . . . Cl Cl 
ovalis ...... .. .. . .... .. . . .... 1 

:21 
1 

r libyc(I . ....... .. ..... 1 3 :2 
,) ., v. pediculu .• " ......... 

. l)wllweollei .• sphaerop/wl'a .. . . ... .. . .. . 

~ I v. poltgram>l/l( . +1 :d 
c·. scu pta ..... BI :2 

Caloneis wllphisb((('I/(( . . . . . . . . . . . . . . . . . 
lonn08a c'. holmiellsis .......... 
latiuscula · . . . . . . . . . . . . . . . . . . . , 
::> eInuno nll ia /la v. biconstricta . . 1 1

/ ,) silicula ... ... . . .. . . . . .. . .... . 1 I 1 1. 
Campylodiscll .• ecltcnei, · . .... . .. . .. . .. . :2 Cl 

clYPl'lIS .... . ..... . .. . 1 .) .i .") ;) .. . 
c· . bicostat(( . . . ... 

/loricu" .......... . .. . .. . 
.) ,) 1'. hibemicu .... . . :2 

Coccolleis discullls .. . ...... . . . ........ . 

tl pedicllllls ...... . .. . .. . .. . ... 
placentulll . ..... .. .. . . . . . . . . . :2 

' ) scu tel/w)' .. . ... ... ... . . . . .. . 1 
C hoetoceros sp . .. . . . . . . . . . . . . . . . . . . . . . .) 

Cyc/otella bod{wicil .... · . . . . . . . . . . . . . . . 
,) ocrllata . . . . . . . . . . . . . . . . . . . . . 1 - . 

CYlI!atoplelim ellipticlI . . . . . . . . . . . . . . . . . J 
I'. hibemica . .. .. . . 
1'. lIobilis . . . . . . . . . 

solea · . ... . . . .. ..... .. . . 
r'ymbelln aspem ... . .... .. . . ..... . .... t l l i 

clispidat(l .... . . . ..... ........ + Cl 1 
Ehrellbergii ...... . . . . .. . .... . 
Irwceol(lill ... . ....... . ... . ... 
prostrat(l . . . ... ... . .... . .. . .. 
-'»Ji . ..... . . . .... . .... . ...... :2 1 

lJill/rmeis domblittellsi" · . . . . . . . . . . I 
,) /' BlIbcolIstricta .. . l ' 

el/iptim ... .. . ...... " 

lillllica · . . . . . . . . . . ..... . . .. 3 Ci .) 

Jlallieri ...... . . . ... .. .. . ... 
omli~ ...... . .......... ... . . 

» obloll[Jellll ..... .. . .. . .. 
SII/itltii .. . . . . . . .... . .. . . . ... 

ti 
.) 

') » v. rllOmbica .. . .. . . .. 
DidynwS1Jhe)li(! [Jell/illll/a .. . .......... . . 

Epithelllia argus . . . .. . .......... . .. . .. + 1 
ll yndlHanll i .. ... ... . ....... 3 + + :2 + 
intennedia . ..... . ... . ... . .. . 1 I , 
Jluel/eri . ..... ... .......... .) 1 I 1 
:Iorex . . . . . .. . ........ . . . . .. :2 :2 1 3/ 11 1 
turgl·da ....... ... .... .. ... . + ;-) j :2 -! 

)' [Jramtlc!ta . . . . . . . . . 1 ,.. I\' e8tenwII1Il i .. . . . . :2 Cl .) .-) 1 + .. 
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Gall-
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1 

11 
J~pithemia zebra ...... . ............... :2 3 51 3 5 5 

» » 1' . jiorcelltls • ••• o e • • •• 0' 3 f) :2 .) , 1 1 
Runotia Claei ............ . .......... 1 :2 3 ~ I 

SpJI· ••••• 0 •••• 0._ •••• 0 •• ••••• C3 
1 
1 

Frugilaria SpjJ· ••••• . •. . •• . •..•.••.• o ' 1 

(.'omphonell1a acwninatwl1 .. ..... . ...... 11 1 
» r. coronata . . .. 1 

augur .... .............. . 
cOlistrictlllll . . . . . . . . . . . . . . . 
spp . . . ...... . .........•. 

( :ytosiglila acwninatwil ................ 
attenuatum , ... ...... . ...... :2 :2 :2 2 

Il {( ntzscltia ~j!. ........... ....... . .... -
I I 

.11 astogloia Braunii . . . . . . . . . . . . . . . . . . . :2 , 1 
~I eil i}Jtica ....... " ...... . .. . :2 :2 

,) r . dansei . . . . . . . . . . . :2 :2 
PllII!ihb . ................ ... 

3i 
~I 

» Sillilhii wll)Jhicephala .... . . . .) I 
.llelosim ambigLlCb .......... .. ..... ... . 51 

~I 
31 --='1 

arenaria .. . .. . ..... . . . ...... . 1 3 31 3 .J. 5 5 
distalls :) I . . . . . . . . . . . . . . . . . . . . . . ;) 

1 
l 

granulat(b .................. _ . 
islrmdica subsp. helmtica ....•. -I - -, :2 3 5 3 5 5 
itlllica ~'. ralida . . ....... .. ... 5 .J. 
Juergellsi .................... 
IllOnililor III is . . ....... . .. . .... 1 
\\' estii I· parva ..... . . ....... 

~Yal;icula wHericwU/ ......... .. .... . . . . 
bacillwn .. ..........•.. . ... . . -I 
digitoradiata . ..... .. ......... 
gasttum ............... . ..... 
Jentzschii ... .......... ...... 

-I libelltts . .. ................ . .. 1 
lI1utica •••••• • 0 •••• • •• •••• ••• 

~I I » v. Cohnii . . . . . . . . . . . . . 
j!lflcentula ....... .. . .. ....... 

f· la tiuscu la . . . . . . . . 1 -
f· rostra ta . . . . . . . . . . 

peregril111 ....... ............. 

1 

1 
pusillo ••• •••• •••• • •• 0 •••••• • 

11 mdiosa .......... . ........ . . 11 
scutelloides ......... . ..... . .. 

,) luscula •••••• • • •• •••• • •• 0 • ••• 

XeidiulIL spp . .... ....... ..... .. ... ... 
Xitzschia navicularis ...... . ...... . .... 

-I 
obtusa • • • • 0 • • • • • • • • • • • • • • • • • 

~I scalaris . . . . . . . . . . . . . . . . . . . . . 5 .) 5 :2 
trybliollella . . . . . . . . . . . . . . . . . . 1 

1 

Opephora ilIartyi . . . . . . . . . . . . . . . . . . . . . 
J Pi1l1wlarirl 8P/' · .. . ................... :) :2 ~ 
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Rlwicosphenict curvat(l .... ... ......... . 
Rlwpalodict gibba .................... . 

» v. ventricosa ....... . . . 
musculus ................. . 

S tnu1'Oneis aCl/ta ................... .. . 
anceps v. gracilis .......... . 

» plwenicenteron ........... . . . 
8tephanodiscus astraeft .. . ....... . .... . 
8uril'ella biseriata .................. . . . 

» v. bi/rans ........ . . . 
Capronii ... .. .. .... ... _ .... . 
elegans ....... ..... .... ..... . 
omta . . .... . ....•.......... . 
peisonius ................ . .. . 

» striatula . . ..... . .......... . . . 
i:Jynedra pulehe/lft ... . • .... . . . .. .. . .. .. 

S]J . . . ......... . ........... . . . 

'L'abellaria spp . .............. . ...... . . 
l'etraeyclus la{' ll stri~ ....... . .......... . 

» » I'. rhombicrf .... . .. . 
'L'?'O]Jidoneis S]J . .. . ...... . ............ . 

Gall

m696 697 698 699700 7021703 70~ 705f 706 ' 

-- -1 - -I 1 J 1 -I --I 
1 1 11 1 - 1 -

1 - - 11 

:2 1 1 
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=1 

1 1 
:2[-

:2 

line. I have tried to group the species both on the basis of their 
halophility and of bathymetrical relations as far as possible with 
the help of the available literature and my own experience. Diatoms 
have thus been used firstly as indicators of salt (or brackish) water 
and fresh water and secondly for determining the depth of the ancient 
water body and the changes that have occurred in it. Here I have 
directed my attention not only to the number of species . but also 
to the frequency of each species in the different sampie . In ealculat
ing the vertical grouping of the forms of large and sm all water bo
dies I have considered their relative amounts 01' the figures 1- 5. 
A comparison of the frequency figmes thus obtained results , of 
comse, in certain arithmetical values. It is pos ihle, e. g. , to calculate 
the percentage figures for the large-water and small-water forms 
l'espectively. I have actually made such a calculation from the 
sampies, hut as the original analysis only shows the re 1 a t i v e 
fr e q u e nc y of species, the result of the calculation cannot be 
regarded as exact. 

Therefore I have used the bathymetric CUl've obtained by calculat
ing in this manner only as a basis and have tried to improve it by 
taking into consideration the ecological t,vpe of the whole diatom 
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flora of each sampie and the fact, as to ho"," reliable an indicator of 
the deep 01' shallow, brackish 01' fresh water each species concerned iso 
In this connection I have, too, paid special attention to local condi
tions, for a eertain speeies may, e. g., in one ease indieate an inereasing 
depth and salinity, while in some other instanee and in a different 
assoeiation it may indieate the reverse. Quite particularly I have 
taken into aecount the presenee 01' absence of 1) deep-water bottom 
forms, 2) euhalobic forms and 3) pelagic planeton. In this eonnection 
I refer to the studies of B. Halden (1929) , U. Sundelin (1919) and 
H. Thomasson (1927, 1932, 1934). 

The eurve deseribing the ehanges of the water-level of Gallträsk, 
as in the other diagrams to be dealt with below, is therefore by 
no means agraphie reproduetion of any mathematieal result. Its 
objeet is to give the reader a visual idea of the cllaraeter of the displace
ments of the shore-level, aecording to the evidence of the diatoms, on 
eaeh si te of observation. At the same time it saves the author from 
going through the extensive material regarding the diatoms in detail, 
which is to be published in eonnection with this paper. The reader 
will, however, be able to cheek my conclusions in each individual 
case on the basis of the diatom tables. The diatoms have been 
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determined principally according to F. Hustedt (F. Hustedt 1930, 
1930- 1937). 

T h e s t rat i g rap h y 0 f t h e G a 11 t r ä s k bog. The 
pollen diagram of the Gallträsk peat bog can easily be divided into 
three large portions. The zone with the broael percentage field of 
mixed oak forests represents the Littorina peI'iod, below which is 
the pre-Littorina and above it the post-Littorina period. The diatoms 
accentuate this division. The limit between the Ancylus and Litto
rina perioels is drawn at the point in the profile, at ·which the fresh
water diatom flora that is typical of the final phase of the Aneylus 
Lake passes over into brackish-water flora. 

In the sediment itself no visible change occurs in the transition 
from the Ancylus to the Littorina period . The fine detritus ooze 
only becomes gradually rieher in organic remains upwards and 
at the same time darker. Sueh an even change of the sediment from 
the deep water type to the shallow water type would point to no 
considerable transgression having occurred at this place between 
the Ancylus Lake and the Littorina Sea epochs and to the shore
line not having advaneed towards the land during the later phases of 
the Littorina Sea either. 

What elo the diatoms sayabout this? Besides sampies at intervals 
of 10 em. taken from the ",hole seetion, I took a complete sample 
of a length of 30 cm. from the contact zone between Ancylus and 
Littorina anel investigateel the eliatoms at an average interval of 
:2 cm. 

The tab le TIr shows, how the change proceeds from the fresh
water flora typical of the Ancylus regression (samples I - III) to a 
transition horizon (sampIe IV), in which, besic1es brackish forms 
(Amphora ar'enicola v. major, Anomoeoneis sphaerophora v. poly
gramma, A. sphaerophora v. sculpta, Campylodiscus clypeus, C. eche
neis , Nitzschia scalaris, N. tryblionella) , there are many species typ
ical of the former (final phase of Ancylus) horizon: Campylodiscus 
hibernica, Eunotia Clevei , J.11 elosira arenaria and e pecially SU1'irella 
Capronii . Then comes a purer, though still very slightly brackish 
Littorina, represented by a sandy diatomite layer formed chiefly 
of Cam1Jylodiscus clypeus. The three uppermost samples (VI, VII, 
VIII) alreaely represent true Littorina, in which the salinity has ob
viously increased slightly. Above this the diatoms were examined 
at 10 cm. intervals and from sample 698 onwards they indicate 
a continuous fall of the sea-level. The isolation of the basin from 
the Littorina Sea occurs about the 3.50 m. point of the section. 
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m. SampIes Tahle IJ l . 
3 ,70 --__________________________________________________ __ 

--- I 

3.76 

VI--VJI[ 

o 
o ,., ,.., 

Clear Littorina 

AnomoeO?~eis sphaerophora v. polygramma -- Carnpylodiscus clypeu8 - -
Mastogloia -- Nitzschia scalaris horizon. 

Amphora arenicola v . major 4. A. conunutata 3. Anomoeoneis 
sphaerophora v. polygramma 4, A. sphaerophora v . sculpta 3. eam. / 
pylodiscus clypeus 4, C. eeheneis 3, C'ymbelJa lanceolata 1. Epithemia 
spp. 4 , Gyrosigma attenuatmn 1. :\Tastogloia baltica 1. j\I. Braunii 2, 
M. elliptiea 2, j\f. Smithii v. amphicepba la 4, ::\1:. Smithii v . lacustris 2. 
Melo;::ira arenaria 1, j\L moniliformis 3. :\1". ,Tiirgcn si 2, X avicula ohlonga 
1,~. peregrina 1, ~itzschia circumsuta 1, ~. sealaris 3, X. tr.vblionella 
2, Pümularia spp. 3, Plem'osigma sp . 1, Hhoicosphenia cun'ata 3. 
Stephanodiscus astraca 1. Sllrirell a Capronii 1. S. striatula 3. 

t:I raint Littorina 
~. r 
8" Campytodiscus clypeu,s horizoll. g: 

:3. S l 0 
:!;'" Amphora arenicola v. major :3 . Anomoeoncls 8phu<'I'ophol'a \'. ( ;::. 
"'" :: pol~7grumma 3. A. sphaerophora v . sculpta 2. Campylndlscus clypells I ~ 
~ g: .J. C. echcneis 1, Cymatopleura elliptica 1. Epithcmia spp. 3, l'<:unotia I 
5.::l Clevei 1, Gyrosigma attenuatlml 1. :\Telosü-a arcnari~t 2. Xitzschia I 

;:;. circnmsuta 1. ?\ . scalaris 2, X. tryblionella 1. Surirdla C'apronii I. 
gL S. striatula 2. 

3.7 t\ --- ------------

IY 

3,HO 

o 
o 
N 

'" 

Early Littorina 

Campylodiscus clypeus -- SU1'irPlia CaZ)J'Onii horizon. 

Amphora arenicola v. major 1, Anomoeoneis sphacrop ltOra v. P01Y- / 
gramma 2, A. sphaerophora v. sculpta 1, CampyloLlisclls clypcus 4, 
Q. echcneis 1, C. noricus v . hibcrnica 2, Cymatopleura elliptica 2. C. solf'a 
2, Cymbella aspera 2, C. Ehrenbergii 2, Epithemia spp. 4, Eunotia 
Clevei 1, Gyrosigma attcnuatum 2, Mclosü'a, arenaria 2. Xavicula 
gastrum 2. X. ohlonga 2, Xitzschia scalaris 2, X. tryblionella 1, Pinnu· 
laria spp. 3. Stauroneis acuta 1. S. phoenicenteron 1. Rtephanorliscus 
astraea 2, Sm'irella Capronii + Surirella spp J. 

I - III 

o 
o ,., 
'" 

Ancylus regression 

Campylodiscus no'ricus v. hibemica --Diploneis dombliUellsis -- Ewwtia 
Clevei -- SU1'irella Capronii horizon. 

;;
Campylodiscus noricus 2, C. nm-icus Y. hibernica 3, C'ymatoplcul'a ~ 

elliptiea 3, C. solea 2, Cymbella aspera 2. C. Ehrenbergii:3. U.laneeolata >';' 
2, Diploneis clomblittensis 3, Epithcmia Hynclmanni + Epithemia 0;; 
spp. 4, ]~llnotia Clevei 2. Cyrosigma attentlaturn 3, ::\T losira. arenaria 
3, ::\avie ula gastnUTI 2, ". oblonga 2, Pinnularia major + l )innularia 
spp. 3. Stam'oneis acnta 3. S. phoenieenteron 2. Stcphanocliscus 
astraca 2, Surirella Capronii ..L Surirella spp. J . 

3.80--------------------------------------------------------------__ ___ 

Degrees of lrequency: I = very searcf'. 2 = scarce. :3 
abundant, ;) = very abundant. 

general. 4 
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Fig. 8 illustrates another pollen diagram of the Gallträsk bog. 
The profile is taken from quite elose to the threshold (01' pass-sill) 
at the eastern end of the bog. This threshold is 31 m. above sea
level. The same chronological division recurs in the diagram as in 
the previous one. The diatom flora (Table II, Gallträsk II) gives 
the same result as regards the changes of the shore-line as the diatoms 
of the previous profile did, as the curve at the side of the diagram 
shows. . 

In the neighbourhooel of Gallträsk several raised shore-lines were 
measured (see list) , the altituele of one of them being 33 m. above 
sea-Ievel anel therefore slightly above the level of the bog. In an 
earlier paper (E. Hyyppä 1935) I elescribed this shore as the Litto
rina Sea maximum. W. Ramsay (1926) fixeel the Littorina maximum 
in the Helsinki neighbourhooel at 32 m. above sea-Ievel anel M. Sau
ramo (verbal statement) measureel a wave-cut cliff at Tikkurila 
at 32 m. above sea-Ievel which he consielers to represent the 
Littol'ina Sea peak in the Helsinki neighbourhood. The Litto
rina ooze of the Gallträsk bog, which inelicates shallow water by its 
lithology anel its eliatoms, proves conelusively that the 33 m. shore 
in the neighbourhooel of the bog represents the Littorina maximum. 
The question arises, what part of the profile corresponels to this Lit
torina Sea maximum anel was this sea elearly transgressive here in 
regarel to the land as , e. g. , on the Karelian Isthmus (E. Hyyppä 
1932). 

The curve elescribing the changes of the water-Ievel in the elia
grams of Gallträsk (Fig. 7 anel 8) provieles an apparently plain an
swer to this. We see, how the retreat of the shore-line during the 
Ancylus regression perioel still continueel for a short time at the 
beginning of the Littorina perioel anel how subsequently the Litto
rina Sea rises to its maximum at the beginning of the perioel of 
mixeel oak forests. After that the bog separates rapidly from the sea. 
Accorcling to the eliatoms, then, the shore encroacheel during the 
transgression maximum upon the land. In the transition from 
Ancylus to Littorina, however, the petrographical structure of the 
seeliment itself eloes not inclicate a transgression. In oreler to settle 
the question we must return to Table III. 

SampIes IV anel V inelicate slight salinity anel shallow water. 
The following horizon (VI- VIII) shows the salt contents to have 
increaseel, which might also signify a slight rise of the water-Ievel 
01' at any rate a delay in the regression. As, however, the basin of 
Gallträsk, judging by the eliatoms, hael not separateel from the sea 
before this anel as the clifference in height between the thresholel 
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(31 m. above sea-Ievel) and the beach (33 m. above sea-level) is only 
2 metres, the possible transgression is small 01' within the limit of 
2 metres. It .therefore seems more correct in this case to speak of 
a delay having occurred in the retreat of the shore-line than of a 
distinct transgression. In my opinion the sea-Ievel was, indeed, ris
ing at that time, but the shore-line had not shiftea landwards to 
any extent ,,'orth mentioning. 

The diatoms of the Gallträsk bog indicate, at any rate apparently, 
as already mentioned, that the shore-line still retreated slightly at 
the beginning of the Littorina period. This is seen by the shore 
clisplacement curve of the diagram (Fig. 7). In the former paper 
(1935) I had expressed this opinion, but now I am doubtful, for it 
must be assumed that the penetration of the brackish water into 
the basin of the Baltic at first destroyed the former flora to a great 
extent and a new flora developed comparatively slowly. This eco
logical transition zone is thus generally poor in diatoms, which leads 
statistically to the decline of the curve for the change of the shore
level based on the diatoms, although no negative change of the shore 
may have occurred. I shall have an opportunity of reverting to this 
important circumstance in connection with other profiles. 

The diatoms of the Gallträsk bog are also of interest in another 
l'cspect. B. Halden (1917) in Hälsingland and L. Aario (1932) in 
Satakunta (South-West Finland) established a Mastogloia limit 
still lying above the C!lypeus limit. According to Halden the Mas
togloia species are the first newcomers of the Littorina Sea in the 
Baltic region. This seems really to be the case in Sweden, at any 
rate in some profiles below the Clypeus limit (B. Halden 1917 , G. 
Brander 1935), in which Mastogloia species, such a<; M. Braunii 
and M. baltica, appeal' before Campylodiscus clype~ls. These cases 
elo not, however, in my opinion prove anything beyond the fact 
that the water was at first too deep for the ClY/Jeus flora , but the 
M astogloia flora was already able to flourish there. On the other 
hand, as far as I lmow, so far not a single case has been reported 
in the \\'hole region of the Baltic, in which the jJlastogloia species 
of the Littorina period had appeared at a higher level than the Cly
peus limit of the respective districts. 

The species, on the basis of which Halden assumed a Mastrgloia 
limit in Hälsingland 5-10 m. above the Clypeus limit, are as follows: 
Mastogloia elliptica , M. elliptica v. punctata anel M. Smithi1: v. la
custris . According to Cleve-Euler (A. Cleve-Euler and A. L. Back
man 1922), these species appeal' in the Baltic region already before 
the Littorina and belong to wh at this author calls the .Rhoicosphenia 

:l90~, 3i 
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flora. Halden's samples, besides, are not from eomplete profiles, 
nor has their age been fixed with suffieient exaetitude on the basis 
of pollen analyses. Aario's (L. Aario 1932) Mastoglcia limit in Sata
kunta (South-West Finland) is on an equally inseeure basis. So 
far it is founded on a single profile (No. 80 Rynkäkeidas), the dis
eovered speeies of whieh: Mastogloia elliptica, M. ellipt. v. Dansei . 
M. Grevillei, M. Smithii v. amphicephala, and M. Smithii v. lacustri8 
appeal' in Finland already among the pre-Littorina flora. Aario, too. 
did not determine the age of these oeeurrenees of .i.l1astogloia by mean" 
of the pollen analysis, but from the papel' referred to the impression 
is obtained that, aeeording to Aario, they should be plaeed at the 
beginning of the Littorina period. 

In Aario's profiles the .i.l1astogloia flora also appears at lower 
levels in assoeiation with Campylodisws speeies ancl, what is most 
signifieant, it is only nolV that Mastogloia B ,aunii, for instanee. 
shows itself, a speeies whieh may be considered a mueh bettel' index 
fossil for the Littorina Sea than the former. 

In the profile of Gallträsk (diatom tables II and III) the Littorina 
Sea begins with a distinet Clypeus flora anel the M astogloia speeies onl.\' 
begin to appeal' in greater abundanee later. In the pre-Littorina 
deposits, in sampies 707, 708, 709 (Fig. 7), Mastogloia speeies appeal' 
very seareely, too, in the Gallträsk sequenee, but these are either 
impurities eoming from the Littorina horizon 01' else they belong 
primarily to pre-Littorina flora. The diatoms of the GaIlträsk bog 
lead to the eonclusion that there is no partieular Mastcgloia phase 
belonging to the Littorina Sea, but that the highest limit of the 
Littorina Sea eoineides here with the Clype71s limit. This eonclusion 
seems all the safer as regards Gallträsk, seeing that the gradual change 
of the diatom flora from Aneylus to Littorina as weIl as the even 
petrographieal strueture of the eontaet zone prove that there is no 
uneonformity 01' hiatus in the profile at this point. I shall have an 
opportunity of reverting to this question in eonneetion '\"ith other 
profiles and of dealing with the so-ealled Mastogloia Sea on the basi~ 
of my whole material also in a regional respeet. 

The pre-Littorina portion in the profile, Fig. 7, begins with varved 
late-Glaeial elay, whieh is sterile, however, so that it is impossible 
to fix its age more preeisely. Above the clay there is a thin layel' 
of sand whieh, aeeording to the diatoms, may signify a small regres
sion in the displaeement of the shore-line. This is sueeeeded by the 
Aneylus transgression whieh in turn is eonverted into the AneyluCi 
regression that leads to the Littorina Sea perioel just deseribed . 



8.llY!lppä: Post-Glacial Uban/les of Shorc-Linc in South Fiuland. 35 

T h e e h a n g e 0 f t h e s h 0 r e-l i n e. During the late
Glacial period the water-Ievel lay appreeiably above the level 
of the pass-sill of the Gallträsk bog 01' 31 m. The limit between 
the late-Glacial period and the Aneylus is not quite sharply defined. 
However, a regression has possibly oecurred at that time that is 
sueeeeded by the peak of the Aneylus transgression. The latter 
is to be placed in the former half of the Aneylus period. The Aneylus 
regression does not deseend below the 31 m. level and its limit praeti
eally eoineides with the Littorina maximum, the latter lying in time 
at the very beginning of the Littorina period. The maximum limit 
of the Littorina Sea is represented in this plaee by an aneient shore
line whieh is in round figures 33 m. above the sea. The basin of 
Gallträsk is isolated from the sea in the first half of the Littorina 
period and the shore-line is situated throughout the whole of the 
post-Littorina period belmv the threshold of the bog. 

Hanabäle Bog. 

The Hanaböle peat bog lies on the west of the old Porvoo high
road, about 1 km. north of Lake Hanaböleträsk (investigation area 
No. 24). In type it is a Sphagnum »Highmool'», on whieh pine grows 
sparsely. Fig. 9, page 23 illustrates its stratigraphy. The upper 
part of the profile, whieh is superfluous in this ease as regards the 
displaeement of the shore-line, has been omitted. The boring does 
not extend to the bottom of the bog. The oldest sediment bored 
(clay ooze) belongs to the Aneylus regression period. Aeeording 
to the evidenee of the diatoms, the eontact between Aneylus and 
Littorina oeeurs at the 3 m. point of the profile or on the boundary 
of the clay ooze and the fine detritus ooze. In this horizon (diatom 
table Ir, Hanaböle) there is a distinet eeologieal limit between the 
diatoms of sampies Nos. 308 and 309. The diatoms also prove that 
the water-level has subsided above this plaee in exactly the same way 
as at Gallträsk. This is comprehensible, as both bogs are on almost 
the same isobase of the land uplift and at the same altitude. 

Aneient shore-lines were measured in the neighbotlrhood of the 
Hanaböle bog, the levels of whieh are 32 m. above sea-Ievel (see 
table I, sites Nos. 11 and 12). The fine detritus ooze that represents 
the Littorina Sea maximum (sampies 307, 308) lies only 3 m. below 
this shore-Ievel (32 m). If, then, this 32 m. shore-line represents 
the Littorina maximum, the water was shallo\y at this plaee, at most 
3 m. The diatom flora representing the Littorina maximum (sampies 
307, 308) fully confirms this view, as it is a typical OampylodisGus 
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clypeus-Nitzschia scalaris flora that proves shallow water. Therefore 
it must be considered quite certain that the 32 m. shore refmTed 
to was formed at the level of this particular water body and thus 
represents the maximum limit of the Littorina Sea at this place. 

According to the evidence of the diatoms and the pollen flora 
of the Hanaböle bog, the maximum of the Littorina Sea occurs at 
the beginning of the Littorina period. The mixed oak forests only 
culminate after this. The regression that had bcgun du ring the An
cylus period would seem here, too, to judge by the diatoms, to con 
tinue at the beginning of the Littorina pm·iod. The result yielded 
by the diatoms would, however, in that case be due, at any rate 
partly, to the fact that, when the water became brackish, the An
cylus diatoms disappeared and the new marine flora developed 
slowly. The intervening zone is therefore pOOl' in diatoms, which 
causes the dia tom curve for the change of the water depth to fall. 
The threshold of the Hanaböle bog is about 30 m. above sea-level. 
The place did not separate from the sea during the possible regres
sion period preceding the Littorina maximum. As the level of the 
Littorina maximum in the neighbourhood is 32 m. above sea-level , 
the transgression here, as at Gallträsk, is within a range of 2 m. 
This figure, however, is not exact as regards Hanaböle, as the height 
of the pass-sill there was only determined on the basis of the topo
graphical map. 

About 2 km. nOl'th of Tikkurila station and about 1 km. west 
of the railway there is a shore cliff of the Littorina Sea, established 
by Sauramo and already referred to, the foot of which is approximately 
32 m. above sea-level. The shore-line has been cut into an esker 
slope and a distinct beach plain has been formed of esker gravel 
on the east side of it. From this beach gravel, which is thus directly 
connected with the 32 m. wave-cut cliff referred to, I found a little 
Campylodiscus echeneis, Diploneis incurvata and D. interrupta. A 
pollen analysis of the same sampies also proves that this is a ease 
of a beach accumulation of the Littorina period. 

Korso. 

Investigation area No. 13. see map. No Littorina shore-line was 
established here, but the site almost corresponds as regards the 
land upheaval to Lake Pitkäjärvi (Langträsk), where the Littorina 
shore is 34.4 m. above sea-level. From Korso I haye instead a 
couple of peat bogs, on the basis of which the height of the local 
Littorina maximum can be estimated. Fi/l. 10. page 23, illustrates 



I,'. fLyyppä: Post-Glac inl Ultallgc~ of Shorc-Line ill ~outh Finlancl. 37 

the pollen diagram made on the south-east of Korso station, of the 
bog quite elose to the railway. There are no salt-water diatoms in 
the aqueous deposit on the bottom of the bog, only some searee 
fresh-water speeies, most of whieh are typieal of the Aneylus Lake. 
The formation of terrestrial peat began at this plaee at the begin
ning of the Littorina period, so that at that time the sea had reeeded 
away from the bog. The bed of the bog, whieh likewise represents 
the height of the threshold, is 35.± m . above sea-level. The maximum 
limit of the Littorina Sea at Korso is therefore below this le~-el. An
other bog, about 1 km. north of the former one, gives the same result. 
Fig. l3. page 39, illustrates the pollen diagram of this bog whieh 
proves still more elearly that the aeeumulation of terrestrial peat 
began at Korso at the 35 m. level already at the beginning of the 
Littorina period 01' at the time of the maximum extent of that sea. 

Puodinkylä Bog. 

The peat bog investigated lies on the outh-west of the roael 
from Puodinkylä to Malmi (investigation area No. 3) and its surface 
at the point of boring is 29.6 m. above sea-level. In the sand at the 
bottom of the bog there is an abundant flora of braekish-water dia
toms, of whieh the following, eharaeteristie of the Littorina I ea, 
may be mentioned: Oampylodiscus clypeus 1; O. echeneis 1, Oocconeis 
swtellum 4, Diploneis didyma 1, D. incurvata 1, D. Smithii 1, Epithe
mia turgida v. Westermanni 4, Grammatophora oceanica 3, Navic1lla 
elegans 3, N. humerosa 2, Nitzschia scalaris 4, Rhabdonema arcuatum 
1 and Surirella striatula 1. These speeies are suffieient to prove that 
the sanel on the bottol1l of the bog was deposited at a place that 
was in open eonneetion 'with the Littorina Sea. The bottom of the 
bog, too , deseend" evenly from the point of boring towards the sea, 
both to the south anel to the outh-east , while the eelge of the bog 
towards the mainland rises to the 30 m. le,-el whieh eorresponds to 
the loeal maximum limit of the Littorina Sea. Fig. ] 5 illustrates 
the stratigraphy of this bog. The Littorina Sea sand at the bottom 
of the bog is very pOOl' in pollen grains. In the mud above the sand 
there are still few salt-water diatoms, so that this layer indieates 
in the profile the level. at ",hieh the boring point ,ms shut off 
from the sea. The separation level is 26.5 m. aboye sea-level. In 
the pollen diagrani of the bog this level falls ehronologieally into 
the first half of the Littorina period. Further it is evident from the 
pollen diagram that the Littorina period only ended considerably 



3~ Bulletill cle la UOlllllli~~iOJl geologiCJue df' Fi nlaucle X:o 120. 

later than the isolation oecurred. This leads to the eonclusion that 
at the end of the Littorina period the shore-line was situated ap
preeiably below the separation level (26.5 m. above sea-level). 

'l'ATTAR1SUO Boa AND 1'1.'8 8URROLJNDING8 . 

In this urea raised shores were identified at several plaees (in
vestigation areas Nos. 5-9). On the eastern edge of the Tattarisuo bog 
there is a raised shore (Fig. 5) 30 m. above sea-level whieh, on the 
basis of its altitude, i· already equivalent to the maximum limit of 
the Littorina Sea established at Kauniainen, Hanaböle and Tikkurila. 
There are sevel'al other aneient beaehes, too, in the neighbourhood 
of the Tattarisuo bog both above and below this shore-line. In 
endeavouring to establish the age of these shores by means of the 
stratigraphy of the bogs let us first devote our attention to the 
maximum limit of the Littorina Sea aneL the beaehes below it. 

Pottmossen Bog. 

Fig. 11, page 39, illustrates the pollen diagram of the Pottmossen 
bog. The bog is a Sphagnum-Pinus »Highmoor» and is situated 
about 2 km. E.S.E of the Tattarisuo bog, No. 26 on the map. There 
is clay on the bottom of the bog whieh grades over at a depth of 
4.;; m. into fine detritus ooze, the latter eh anging further to ter
restrial peat. On the basis of its pollen and diatom flora the fine 
detritus ooze above the elay is a Littorina Sea sediment. When 
the upper part of the fine detritus ooze was deposited, the plaee 
was isolated from the sea and the formation of peat began. The 
pollen diagram also leads to the eonclusion that the separation may 
only have oecurred at the end of the Littorina period. On the basis 
of the height of the threshold of the bog the isolation oeeurred at the 
time, when the Littorina Sea stood at this place at least 27 m. above 
sea-level. The Littorina Sea would then still at the end of this period 
have been almost at its maximum level, whieh is 30 m. above the 
sea at this plaee. This, however, eontradiets the result obtained 
from the Gallträsk, Hanaböle and Puodinkylä bogs. Aeeording 
to the evidenee of the diatoms and pollen of these latter thE' 
maximum limit of the Littorina Sea is situated in time at the very 
beginning of the Littorina period, after whieh the retreat of the 
shore-line appears to have oeeurred with eomparative rapidity. 
The separation level of the Puodinkylä bog, for instanee, whieh 
is only 26. 5 m. above sea-level, still falls into the first half of the 
Littorina period. 
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'·' i/l . 11. Profilp ::\"0. 1 of thp Pottmosspn bO/l. Analyst Kyllikki Sahninen. 
Fig. 12. Profile ::\"0. 2 of the Pottmossen bog. Analyst Kyllikki Salminen. 
pier 13. Profile ::\"0. 2 of tl'lP K orso bog. Analyst K. Jokcla. Fig: u. Profile of the 24 metre b og . .c\nal~·st Kyllikki Salminel1. 
Fi/l. 1.3. Profile of the Puodinkylä b O/l. A11.alyst l<yllikki 'all11.111.(,11.. 
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The pollen diagram of the Pottmossen bog does not display 
an entirely normal 'omposition of the pollen flora. In looking fol' 
the sources of error the thought occurs that the growth of peat on 
the site of the Pottmossen bog may have only begun a long time 
after the area had been separated from the sea, in which case there 
woulel be a gap in the pollen diagram. This explanation does not 
:,;eem credible, as the upper part of the fine detritus ooze alreaely 
contains an unusual quantity (10 %) of Picea pollen and on the othel' 
hand there is a distinct maximum of Alnus in the lo~\'er part of the 
terrestriaLf;eat, \I'hieh pro\-es that the shore-line had not yet retreated 
far from the hog, \\'hen the formation of peat began already at this 
place. It may be considereel a bettel' attempt at an explanation that 
tbe pollen grains \\'ere embeddeel in the deposit during a heavy local 
influence of the shore-zone so that an exact poHen chronology i" 
impossible in this case. 

In order to elucidate the qnestion 1 investigated the basal 
layers of the bog and some other adjacent peat bogs. Fig. 12, page 
39 illustrates the stratigraphy of the eleepest layers of the Pott
mossen bog. Boring coulel be extended to a depth of J.!l m. , at ",hich 
the clay still seemecl to eontinue elown\\"ard. The clay eould , ho\\'eve1'. 
be bored to a thiclme 'S of close on 40 cm, and it was possible to mal<e 
both eliatom anel pollen analyses of the sam pIes obtained, The eli
atom analyses \\"ere carrieel out at average intervals of 2 cm. The 
results of the analysis are sho\\'n in the diatom table (Table IV, Pott
mossen bog L- 24). On the basis of it the limit between the Ancyllls 
and Littorina periods was elra\\'n in the diagrall1 as weH as the curve 
for the change of t.he shore-level above the place, on exactly the 
:,;ame principies as in the former bogs. Sam pIe 22 still belongs to 
the Ancylns regression period, containing. among others. Diploneis 
domblittensis , D. Mauleri and Eunotia Clevei. In this sall1ple, ineleed. 
and below it , there are isolateel appearances of Campylodiscus cly
]Jeus. which is , hOll'ever, entirely incompatible with that associa
tion of diatoms and must certainly haye co me with the borer from 
the upper Littorina sediments. Sall1ple 21 represents the beginning 
of the Littorina perioel anel a new assemblage of diatoms, although 
the ecological limit towards the former sampie is not very abrupt. 
The compo ition of the pollen flora coincides with the evidence of 
the diatoms. The contact zone is dominateel by pine, anel the uninter
rupteel appearance of Tilia begins shortly above the contact. Both 
these features regularly characterise the beginning of the Littorina 
perioel. 



I,,'. J-J!) .IIPpä: Post-CiJacial Change,.; of ~horE'-Lille in ~ollth I-'ildand. H 

The Littorina Sea maximum is situated in this case, judging by 
the diatoms, at the very beginning of the Littorina period (samples 
15- 21), after which the shore-line retreated gradually. According 
to the evidence of the diatoms, the displacement of the shore-line 
occurred at this place in exactly the same way as in the former areas 
(Gallträsk, Hanaböle, Puodinkylä) all of which are at the same pro
portional altitude to the Littorina maximum as Pottmossen, It 
also seems certain, therefore, that the Pottmossen bog was separated 
earlier from the sea than its pollen diagram would indicate. 

The diagram refeITed to (Fig. 12) shows a particularly large quan
tity of Picea above the clay in the fine and coarse detritu ooze, dur
ing the deposition of which the shore was very elose to the bor
ing point. This high quantity oi Picea, however, i ' exceptional in 
this case and is obviously due to the Picea pollen having been con
centrated Jocally on the shore, for we see on the re cent beaches that 
Pimls, in particular, accumulates at times in enormous quantities 
in the littoral zones. The frequency of Picea does not, therefore, 
signify the end of the Littorina period in this case. We \\'ill obtain 
additional evidence bearing on this important question in connec
tion with the stratigraphy of some neighbouring pe at bogs. 

'Pile 24 .Metre Bog. 

About 2 km. due east of the former bog there is a nal'row Pinus 
)HighmooI'» (investigation area No. 9) the stratigraphy of which is il
lustrated by Fig. 14, page 39. The results of the diatom analyses of 
the aqueous deposits of the bog are shown in Table IV, the 24 metre 
bog, 31- 46 and 2- 5. The bottom Iayers of the bog are Ancylus clay, 
which is proved by the pollen flora dominated by Pinus anel the 
Iacustrine diatom flora of a large water body, in which there are 
several species typical of the Ancylus Lake. The Ancylus regression 
is clearly recogniseel in the level of sample No. 42. Shortly after 
the clay deposited in the deep water passes over into a shanow water 
sediment 01' elay ooze. Between sampies Nos. 39 and 38 there is a 
very distinct ecological limit in the elevelopment of the diatom flora 
causeel by the penetration of the bracldsh water into the Baltic in 
the initial stage of the Littorina Sea. In the quality of the sediment 
itself no change is noticeable in this important contact zone. The 
curve for the displacement of the shore-line in the eliagram shO\ys the 
regression still to have continueel at the beginning of the Littorina 
period 01' in the horizon of sam pIe No. 38. The evidence of the dia
toms is not unimpeachabIe, however, in this case either. I ,dll only 
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Table IV. 
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repeat what I emphasised in connection -with Gallträsk and Hanaböle. 
'The fall of the curve (minus direction) may on1y mean a decrease 
of the diatom flora, when the ecological conditions changed rather 
suddenly - fresh water changed to brackish. This conclusion i 
supported by the fact that no change occurs in the quality of the 
sediment itself clnring this apparent regression. On the contrary, 
sampie No. 38, in my opinion, ' indicates rather deeper water than 
sampie 37 above it (fine detritus ooze), though the curve drawn 
on the basis of tbe diatoms tends to rise at the point of the latter 
01' to prove a transgression. I am inclined, however, to explain this 
rise by the marine conditions being stabilised at the level of sam pIe 
37 and the diatolll flora corresponding to these new conditions at 
the same time having had time to develop fully. 

In any case it should be considered certain that the time of the 
Littorina Sea maximum, according to this diagl'am too, is situated 
in the beginning of the Littorina period. The point of the profile 
separates from the sea, when the shore-line was still at least 20.4 
m. above sea-level. This figure corresponds to the level of the thresh
old of the bog and of the separation contact of the profile which is 
now at a depth of 3.'" m. in the profile. It is evident from the pollen 
diagram that the shore of that time receded past the place, at a slow 
rate, as the dominant Alnus maximum in the coarEe detritus ooze 
(3.",- 3.6 m.) proves that the shore-line lay, at any rate for some 
time, in immediate proximity to the bog. We must remember that 
two raised beaches exist in the neighbourhood of the Tattarisuo 
bog: 21. 5 m. and 24-.5 m. above sea-level. The Alnus maximum of 
the pollen diagram, formed when the 10ca1 shore-line was elose to 
the bog, slightly above the 20 m. level, corresponds chronologically, 
if not to both. at least to the lower of these rai ed shores. In the 
l'etreat of the shore this phase signifies at least a short intermission in 
the regression. possibly even a small transgre sion. The diatom 
curve for the dis placement of the shore-level rises slightly at the 
.AlnIls peak (sampie 32) and is in agreement with the above 
conelusion. 

On the basis of the pollen diagram dealt with above I place both 
these shore phases (21. 5 m. and 2,1,.5 m. above sea-Ievel) in the Lit
torina period. The Alnus maximum, indeed, renders the dating 
more difficult in this case, as it interrupts (arithmetically) the con
tinuous field of the mixed oak forests too early in the diagram, whereas 
in reality the \varm period of the Littorina Sea still continued. I 
can still more convincing1y prove this conelusion of mine to be correct 
by the stratigraphy of another bog at a 10\\"er level \yhich I inves-
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tigated. Before passing on to this it is necessary to revert, in con
nection with the bog under consideration, to a methodological 
question concerning the pollen analysis which remained unsett
led, when the stratigraphy of the Pottmossen bog was discussed 
(page 38, 40- 41). 

Ttwill be recalled that the pollen diagram of the Pottmossen bog 
(.Fig. 11 , page 39) apparently leads to the conelusion that the Littorina 
Sea remained at about a level of at least 27 m. up to the end of 
the Littorina period. If we compare the isolation contacts of Pott
mossen and of the bog we are dealing with, we find that in regard 
to their pollen content they are nearly of the same age. The separation 
contact means in both bogs the separation from the Littorina Sea, 
which occurred on the Pottmossen bog, when the shore-line was at 
least 27 m. above sea-level, and in the latter bog 20.6 m. above sea
level. As the isolation contact at Pottmossen is thus over 6 m. higher 
in level than the latter, it is also respectively older than the 20 .6 m. 
eparation level. Consequently, the employment of pollen statistics 

solely in dating does not lead to an exact result in this case either . 
In connection with the Pottmossen bog I have already dealt with 
the possibilities of error in pollen chronology, when it is a case of 
pollen accumulation influenced by the conditions on the shore. The 
pollen correlation established above, on the basis of which two isola
tion levels of different age appeal' to be contemporaneous, leads to the 
following further conelusions. 

Pollen sedimentation in the shore zone is affected very much by 
the local forest of the shore zone (cf. E. Hyyppä 1932, p. 18, U. Sun
delin 1919, Malmström 1923, Lundquist 1925). Pollen assemblage that 
is embedded in the accumulating soil under the elose influence of such 
a shore stand is domina ted by deciduous trees as a rule and contains 
a disproportionate quantity of Aln1tS in particular. At times, however, 
as we have ah'eady seen in connection with the Pottmossen bog, 
conifers can be concentrated in shore sediments. When the shore
line subsequently retreats from the place, an actual zone of deciduous 
trees follows after, but the former shore zone becomes comparatively 
richer in conifers. The association of tree species in the shore zone 
and in the zone further inland may thus in certain cases be locally 
so different that the synchronous deposits representing them may 
have a pollen composition widely differing from each other. The 
divergence of the pollen flora is also increased by the accumulation 
itself. which may occur in a very haphazard manner in the shore 
zone, favouring a disproportionately large share of deciduous trees 
in one place and of conifers in another in its composition. Localities 

:l!)O ~ . - :li 7 
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subjected to the inlluence of the shore have nevertheless been able 
to grow forests of the same type and be in other respects in the same 
sedimentation conditions in quite different periods, so that in regard 
to their pollen composition they appeal' to be misleadingly synchron
ous. These sources of er1'or do not affect a rough determination of 
age, but especially in investigating the displacement of the shore
line of the Littorina Sea, particularly when it is a case of exact dating 
and small differences in time, this possibility of error should be care
fully borne in mind. For it is obvious that in such cases a zone divi
sion based on the pollen flora cannot be employed for an exact ch1'o
nology. This question will be further elucidated in connection witll 
the stratigraphy of the next bog. 

TattaTi8~W Bog. 

Fig. 16, page 56, illustrates the stratigraphy of the bored profile 
on Tattarisuo bog itself (Piml8 »Highmool'», investigation area No. 6). 
On the edge of the bog there is a raised shore, 30 m. above sea
level, which represents the local maximum limit of the Littorina 
Sea, as has already been demonstrated (page 38). There is a little 
Ancylus Lake elay ooze on the bottom of the bog, followed by a 
layer of sand. According to the evidence of the diatoms the contact 
between Ancylus and Littorina is in the upper part of the sand bed. 
Thus this layer represents the last phase of the Ancylus regression. 
According to the evidence of the diatoms (Table V, analysed b.y 
A. eleve-Euler) the development of the Littorina Sea proceeded in 
the same way as was established by the former bogs. The curve 
for the fall of the water-Ievel is more even, however, so that it is 
not easy to determine the point for the period of the Littorina 
maximum in the profile by means of it. This is , of course, due to 
the fact that the water was comparatively deep on the site of the 
bog throughout the whole of the first half of the Littorina period . 
The lowering of the shore-Ievel and its delays are not feIt so 
sensitively in the development of the diatom flora as in the shallow 
water zones elose to the limit of the Littorina Sea. 

In this case it is therefore more important to pay attention to 
the point in the profile formed when the separation from the sea 
occurred. The threshold of the bog is about 15 m. above sea-Ievel. 
The coarse detritus ooze, 3.0- 3.2 m., represents the isolation phase, 
when the shore was thus situated ab out 15 m. above sea-level. 
The diatoms of sample 452 are already proof of fairly shallow water. 
The continuous field of mixed oak forests ends at the separation zone. 
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This points to the fact that the Littorina period ends approximately 
at the time, when the site was separated from the sea 01' the shore
line stood at about 15 m. above sea-level.We must remember that 
on the area of the Tattarisuo bog, as in many other places in thc 
neighbourhood of Helsinki, there is an ancient shore situated at 
17.;; m. above sea-level. This beach phase is therefore situated in a 
period preceding the isolation and belongs to the period of the Litto
rina Sea. It represents the last delay in the retreat of the shore-line 
that occurred during the time of the Littorina Sea 01' a slight trans
gression. 

According to G. Brander (1933) the Fredriksberg bog, Iying about 
-! km. to the north of Helsinki, separates from tbe sea, when the 
t;hore-line is situated 17.:; m. above ·ea-level. This level l'epresents 
the final phase of the Littorina period in Brander's pollen diagram 
and thus leads, as regal'ds the 17 m. shore-line, to precisely the same 
chl'onological result as the Tattarisuo diagram. Tbe . tratigraphy 
of the Fredriksbel'g bog is very similar to the Tattarisuo bog in 
other respects, too. 

Above I came to the concIusion that the Littorina ~ea period ended 
forest-historically in the Helsinki neighbourhood . when the shore
level was situated about 15 m. above the sea. This dating is based 
principally on the fact that the mixed oale forests now finally decrease 
and spruce rises rapidly in association with pine, both of which be
come the dominating trees. This great cbange in the composition of 
the pollen flora is not due. e. g. in the case of the Tattarisuo bog, 
to local factors, but means tbat a regional change occurred in the 
climate itself. 

Tbe Littorina sequence of Tattarisuo comprises all the foul' shore 
phases of the Littorina Sea: 30 m., 24.5 m .. 21.5 m. and 17. :; m. above 
sea-Ievel. The lithology of the deposit and the diatoms do not 
present any feature that would warrant the conclusion that any 
considerable transgression occurred at this place during the existence 
the Littorina Sea. I interpret the beaches referred to as having 
been formed during the intermipsions in the 10wering of the 
shol'e-line. The latter 1eft no signs suggesting a transgression in the 
deposits , as is the case, for instance, on the Karelian Isthmus (E. 
Hyyppä 1932). 

Before leaving the Tattarisuo diagram I will compare it with the 
diagram of the previous bog, Fig. 14, page 39. If we corre1ate these 
diagrams solelyon the basis of the simi1arity of the pollen spectrum 
we will again conclude that the separation from the sea occurred on 
both bogs more 01' less simultaneously, >vhereas actually i.t occurred 
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Table V . 
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in the caHe of the formel' profile at the 20 m. level and in the 1'attari
HUO profile at a level of about 15 m. This is obviously a case of a 
facies of pollen assemblage accumlliated under similar conditions, 
tbough they are not quite equal in age. In the Tattarisuo bog the 
upper limit of the mixed oak forests and of the mass-appearance of 
deciduous treeH iH slightly later than on the former bog. 1f, finally , 
\\'e compare the Pottmossen bog (Fig. 11. 12, page 39) with the 'e two 
bogs, we find that their isolation contacts do not present any consider
a,ble difference in age in the light of the pollen statistics, notwith
Htanding that the difference in the level of the separation contact , 
anel consequently the actual difference in Cl,ge, is appreciable. 
1'he Heparation contact of the Pottmossen bog (27 m. above sea-level) 
belongs to the early part of the Littorina period . whiJe the same 
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of the Tattarisuo bog, for instance, (about L5 m above sea-level) 
represents the end of the Littorina period. Here it seems fairly evident 
that pollen content sedimented under the influence of the shore is not 
,;uitable by itself as a basis for a zone division that assumes fully 
:-:ynchronous limits nor for any other chronological division that 
demands great accuracy. 

TllE STRATIGRAPIIY OF TUE PEAT HOGS ABO\' E THE )IAXDIU;\[ LDUT OF 

THE LITTORINA SEA. 

About 5 km. N.N.W. of the Helsinki parish church (investigation 
area No. 27) lies a large convex »Highmoof» , the stratigraphy of 
\I'hieh is illustrated by Fig, 17. page ;"5(j, The upper part , which is 
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Fig. 17. 

Fig. 16. 

Fig . 16. JJrofik 01 tlw 'l'at tariHn o bog. 
Ana lyst I;;. H y.\·ppä. 

Fig . 17 . .Profile 0 1" thp "*8.7 JllPtr,· bug. 
Analyst I'~. H~·yPpü. 

Ji'ig. 18 . .Profil<' o[ 01<' HUHutj ii.t"\"i bog. 
Ana1:vst E. AUl'ola. 

Fig . 18. 

superfluous in this case for the chronology, has been omitted. On the 
bottom of the bog there is clay containing a low quantity of Gym
sigma attenuatum anel M elosira arenaria. 1'he pollen flora in the 
same layer of clay i late-G lacial in type, chiefly owing to the com
paratively high quantity of Picea. 1'he :-;carcity of pollen con-
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tained in the clay does not contradict this conclusion, but the 
age of the deposit cannot be established with certainty. The fine 
detritus ooze above the clay, on the contrary, certainly belongs to 
the Ancylus period and in my opinion rather to its first half. Whether 
it represents the peak of the Ancylus transgression 01' a later 
level, cannot, however, be concluded on the basis of this profile. 
The lower limit of the fine detritus ooze is ..u. s m. above sea-level. 
The threshold of this bog basin is at approximately the same leve1. 
The fine detritus ooze therefore represents a phase of the Ancylus 
Lake, when the shore-level was, at an estimate, about 45 m. above 
the sea. In Korso, which is on nearly the same isobase as this bog 
as regards the land uplift, there are two raised shores, the 
lower one 43.3 m. and the higher one 47 m. above sea-level. It seems 
certain, therefore, that these beaches represent delays or transgressions 
that occurred in the change of the shore-line during the Ancylus Lake 
period. The stratigraphy of this bog, however, does not provide any 
-certainty as to whether the lügher or 47 m. shore represents the 
Ancylus transgression maximum in this area or wh ether that trans
gression peak possibly stands still higher. 

Ru s u t j ä r v i. At Tuusula, at the N.W. end of the small 
Rusutjärvi lake, (investigation area No. 28) , there is a shore swamp 
the profile of which is illustrated by Fig. 18. At the bottom 
of the swamp there is at first sand mixed with clay which soon grades 
over into pure clay, the latter being succeeded by a thin sand bed 
(sampie 26). The whole of this succession of layers represents, according 
to the diatom flora (Table VI, Rusutjärvi swamp 17- 32) , deep fresh 
water, though this grows shallower gradually. The layer of sand referred 
to seems to signify a change in the conditions, for from this point 
a regression is seen more clearly in the composition of the diatom 
flora, and special attention is attracted by some M astogloia species 
which begin to appeal' more abundantly among the diatoms, starting 
from the sand layer, up to sampie 18. The sediment also passes above 
the sand bed into clay ooze. These Mastogloia species: M. ellip
tica, M. elliptica v. dansei, M. Grevillei, M. Smithii v. arnphicephala, 
M. Smithii v. lacustris , however, appear very sparsely, with the 
exception of M. Grevillei. Of these Mastogloia species not a single 
one is a convincing proof of brackish water at that time, especially as 
tbere are no other salt-water species in association with them in the 
sediment mentioned. It is, nevertheless, possible that they indicate 
a very faint saline stimulation and evidently at any rate the fact 
that a change occurred in the ecological conditions. when the sand 
bed (sampie 26) was deposited. 

:!!JOX,- :17 
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Table VI. 

Anal. K. ~nlminen. 
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From the point of view of the development of the Baltic the 
formation of the sandy layer may signify one of those 11Umerous 
falls in the water-level which M. Sauramo has shown to be included 
in the changes of the late-Glacial shore-line (M. Sauramo 1934, 1937) . 
Such a layer of sand may, however, originate otherwise during a 
regression 01' transgression, without any sudden fall of the water 
surface and they are fairly general in the aqueous sediments laid down 
cluring various phases of the Baltic (cf. B. Halden 1917). The signi
ficance of the sand Jayer as regards the displacement of the shore
line cannot be explained with certainty in t his case . On the basis 
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of the pollen analysis, however, it seems certain that the succession 
of strata, reckoning from the bottom to the sand bed, belongs 
to the late-Glacial period and particularly to the Yoldia periocl. I 
have referTed the upper part of the layer of ooze to Ancylus. Sampie 
18 shoulcl represent the maximum of the Ancylus transgression. The 
curve for the changes of the water-level based on the cOluposition of 
the diatoms rises at this point, and the pine maximum as weil as the 
absence of alder and mixed oak forests occur at the same level. The 
peak of pine and the contemporaneous absence of alder and rarer 
deciduous trees, 01' at any rate their very scarce appearance, are 
typical in South Finland of the Ancylus transgression pet'iod. 

The limit between Ancylus and Yoldia is, however, uncertain in this 
case and is marked in the diagram by a line of dashes. The Mastcgloia 
species referTed to appeal' on both sides of this limit, i. e. , both in 
Yoldia and Ancylus, so that they cannot be cOllsidered, at any rate in 
this case. to prove any special lYlastogloia phase in the his tory of the 
Baltic. Least of all can they be regarded in this place as the first 
newcomers of the Littorina Sea, as the Littorina period begins after 
their appearance, at a time, when Lake Rusutjärvi had for a long 
time been separated from the sea and when the formation of terrestrial 
peat on this si te had had a good start. The Littorina period loob 
in the diagram as a very prominent field of mixed oak forests. 

elose to the Rusutjärvi swamp there is a large abrasion cliff 
at the N.vV. end of the lake cut into an esker slope facing the 
lake, its foot being 64. 8 m. above sea-level according to the 
measurements of G. Rudeberg (1925 a). This beach , according to 
Rudeberg, is the Ancylus limit , though he has no stratigraphical 
evidence for his dating. Neither does the Rusutjärvi swamp prove 
the age of this shore-line with complete certainty. The threshold 
of the swamp is about 42 m. above sea-level. The level of clay ooze 
belonging to the Ancylus period is 46 m. above the sea. The Ancylus 
transgression maximum therefore in any case rose above this level. 

In this connection it should also be mentioned that boulder rims 
formed on an ancient shore appeal' in the Helsinki neighbourhood 
at an average level of 37 m. above the sea. G. R. Rudeberg (1925 a) 
established this shore-line to thc N .E. of Tiklmrila. I have myself 
found this beach in the same area, but it 'was badly developed. 

I \yi1l return later to these shares of the Helsinki neighbourhood 
and to the, lying above the Littorina limit , in connection with the 
relation diagram. The peat bogs at my disposal at present do not 
:vieid any further evidence rela,ting to their age relations. 
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THE CHANGES OF THE SHORE-LI~E IN THE HELSIXKI NEIGH
BOURHOOD SINCE THE LITTORINA PERIOD. 

In this chapter I will briefly recapitulate the results arrived at. 
1. The maximum limit of the Littorina Sea in the Helsinki neigh
bourhooel is 30 m. above sea-level in the S.E. part of the area anel 
34.5 m. above sea-level on its N. VV. bounelary. Fig. 19 illustrates 
the respective areas of lanel anel water at that time anel the isobases 
of the highest level of the Littorina Sea. The possible transgression 
on the maximum limit of the Littorina Sea does not exceeel 2 m. 
accoreling to the evielence of the stratigraphy of the bogs. In an." 
case an intermission occurreel then in the retreat of the shore-line . 
Juelging by the eliatoms, the regression seems to have continuecl 
for a short time after the brackish water hael penetrateel into the 
Baltic. This result provieleel by the diatoms is, however, not quite 
certain, as it may merely be due to an ecologically abrupt change 
in the salinity of the water, which would result in a temporary decline 
in the development of the diatom flora. The maximum limit of the 
Littorina Sea falls in time within the very beginning of the Littorina 
period, and the ClYl-eus limit is here the same as the Littorina limit 
01' LI. No Mastogba phase belonging to the Littorina period can be 
distinguished in the Helsinki neighbourhood. 

2. The Littorina period of the Helsinki neighbourhood further 
ineludes three phases of delay in the changes of the shore-line, 
which neither signify any considerable encroachment of the 
sea upon the land. At places, where the Littorina maximum is 
30 m . above sea-level, these later shores are 2+. 5, 21. 5, and 17. 5 
m. above sea-level. The last of these beach phases is situated elose 
to the end of the Littorina period, which I place at that point of the 
pollen diagram, at which the uninterrupted appearance of mixed 
oak forests ends and spl'uce is rising to its post-Olacial maximum. 
This boundary point is not always easy to determine exactly, as 
the shifts of the shore-line often permit the appearance of 10caJ 
factors affecting the deposition of the pollen too greatly. 

3. After the Littorina period at least one more delay seems to 
have occurred in the displacement of the shore. The beach 
representing this is 13.:; m. above sea-level, where the Littorina limit 
is 30 m. On the basis of archaeological finds this shore phase is 
to be placed at the end of the Stone Age (see next chapter). 
Raised beaches are still to be found below this level, but in this con
nection nothing certain can be said of their significance. 
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THE RELATIOX OF STOKE "\.GE i:lETTL·E1[EXT '1'0 TH.E ]~ETREAT 

OF THE COAST. 

The displacement of the shore-line has been studied not only on 
the basis of the geological records , but also archaeologically, by in
vestigating the Stone Age sites of settlement which are most fre
quently situated on the beach. A. Äyräpää (1926, 1930) has divided 
the Stone Age coastal sites of settlement , on the basis of the method 
of ornamentation of the pottery discovereel on them, into style stages 
and has calculated the height of the elwelling sites that represent thc 
different style stages in each distl'ict in percentages of the height 
of the oldest Littorina shore of the same neighbourhood. The per
centages thus obtained, corresponding to the dwelling sites, one 
below the other, are nearly the same in the \vhole western part of 
South Finland. H, e. g., we havc in Espoo a Stone Age coastal 
dwelling site, the height of which is about 80 % of the lüghest 
Littorina shore of Espoo, then a coastal dwelling site belonging to 
the same style stage at Helsinki anel therefore of the same age is 
also 80 % of the highest Littorina shore-line in the Helsinki neigh
bourhood. This must, of course, be the case, provided the equal
aged Stone Age coastal dwelling sites were originally situated at 
the same level. 

Stone Age coastal dwelling sites belonging to different style stages 
thus represent beaches of elifferent age, so that it is worth while 
examining, how they correspond in height to the shore-levels 
established on the basis of the geological records. 

Up to the present only one certain Stone Age dwelling place has 
been discovered in the Helsinki neighbourhood (Storskogen between 
Tikkurila and Rekola). There are, indeed, plenty of scattered finds of 
solitary implements, but as they do not indicate the position of the 
beach with sufficient precision, it is impossible to correlate the beach
levels of the Stone Age coastal dwelling places and the geological 
hore-lines by means of them. In the adjacent distl'ict of Espoo . 

however, Stone Age dwelling places are lmown on the basis of Äyrä
pää's investigations (1922) from the maximum limit of the Littorina 
transgression to the end of the Stone Age, so that they are very 
suitable for comparison with the raised shores in the Helsinki area. As 
the highest Littorina, owing to the different extent of land uplift , is 35 
m. above sea-level at Espoo and 30 m. above sea-level at Helsinki, 
we cannot correlate the measured levels of the shores and dwel
ling places in themselves. The shore-levels of the Helsinki neighbour
hood were first calculated in percentages of the highest Littorina 
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shore-line of the neighbourhood (Littorina 1 = 30 m. above sea
level) and compared \\"ith the altitudes of the Espoo Stone Age coastal 
clwelling places, which were also calculateel in percentages of the 
highest Littorina shore-line at Espoo (Littorina I = 35 m. above 
sea-level). The following table giyes the results of the comparison. 

Espoo Stone Age ornamenta l styles 
calculated in percentages of tl1C' high
f'st Littorina shore at Espoo (35 m. 
above sea-level ). 

Raised shores of thc H els inki ncigh
bourhoocl calcul ated in percent . 
agf's of the highest Littorina shore 
of thf' area (30 m. above sea· 
level). 

I Early comb-ceramic O1"na· 
mental style: 28-30.5 m. 
above sea-level ... . ... ... 80-87 % L II: 24.~ m. abO\."p ~ea-lcvel 81 o/~. 

[l Typical comb·ceramic orna-
mental s tyle 26 m . above 
sea-level .. .. .. .. . . ...... 74 » L III: 21.5 m. above sea-I ovel 72 ,) 

TI! D ebased eomb-c8ramie 01"-

namental style: 23.5 m. 
above sea·level ....... . . . 

1.\- Cord- ceramie ornamenta l 
style: 21 m. above sea·levc l 

\' Kiukainen eulture: 16 m. 
above sea-leyel ......... . 

67 ,) No distinct shore-line. 

60 ') L IV: 17.5 m. above sea-level 58 » 

Shore-line 13.5 m. above sea-
46 level . . . . . . . . . . . . . . . . .. 45 ,) 

This table shows that the Espoo Stone Age cultures actually 
corresponel to the ancient shore-lines of the Helsinki neigh
bourhood. The corresponeling percentages are almost the same, 
which is by no means due to chance, but to the fact that in South 
Finlanel the Stone Age settlement was concentrateel on the coast 
and mostly at those levels, at which the be ach remaineel on the same 
place for a long time . If there is any error, it is in the right direction, 
because a elwelling si te is always situateel somewhat above the eelge 
of the water, so that it has a slightly high er percentage figure than 
the corresponeling beach. No delay of the shore-line eluring the debaseel 
C'omb-ceramic perioel (IH) has been establisheel so far in the Helsinki 
neighbourhood. Possibly the shore eliel not remain at the same level 
for any length of time eluring this phase of culture, but the regression 
\vent on at a uniform rate from 21.5 m. (L IrI) to 17. 5 m. (L IV). 

The Storskogen Stone Age elwelling place (J. Leppäaho 1933 KM. 
9663) eliscovered between Tikkurila anel Rekola belongs, on the 
basis of its ornamental style, to the final phase of the early comb
ceramic ornamental style (1:2) 01' to a group, the level of which at 
Espoo is 80 % of the Littorina shore. The altituele of t he Storskogen 
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clwelling place (25. ;; m. above sea-level) is also 80 % of the highest 
Littorina limit on the same site (32 m.) , so that in regard to its 
level , too, it corresponds to the ornamental style referred to and at 
tne same time is connected with Littorina H. The Suomusjärvi 
culture which is older and more primitive than the comb-ceramic 
settlement in South Finland, is associated with the earliest Litto
rina . The scattered finds representing this form of culture indicate 
t hat in the Helsinki neighbourhood, too, they were situated at the 
level of the eal'liest Littorina beach. Thus, e. g., the dwelling place 
discovered at the village of Nisback in Tuusula (J. Leppäaho 1936 
KlVI. 10336/ 36), which represents a typical Suomusjärvi culture, is 
34- 35. 5 m. above sea-level 01' at the level of the local Littorina 
maXlluum. 

The retreat of the coast described above, explained on a geo
logical basis, is thus in complete agreement with the data regarding 
t be phases of Stone Age settlement that are based on archaeological 
research. 

PORVOO, VAVARSBACKA. 

The locality lies 12 km. N.E. of the town of Porvoo. M. Sauramo 
and A. Hellaakoski determined boulder ramparts on this site at 27- 28 
m. above sea-level (A. Ayräpää 1929). This level has been regarded 
as the Littorina limit of the district. I do not possess any shore
line data regarding this site, but there are three pe at bogs that supply 
ad.ditional information concerning the changes of the shore. 

STRATIGRAPHY 011' THE PEAT BOGS. 

V ävaTsbac7ca Bog. 

Fig. 20, page 67, illustrates the profile bored at one point on the 
cultivated bog situated N.W. of Vävarsbacka manor and its pollen 
diagram (investigation area No. 29). For the greater part the bog 
is a drained lake bed, the level of which is about 15 m. above the 
sea at the boring point according to the topographical map. The 
force of the evidence provided by the profile is detracted from by the 
fact that the boring does not extend to the bottom of the aqueous 
sediment. The boring had to be discontinued in this case at a depth 
of 4.7 m. Down to that depth at any rate the sediment, according 
to the evidence of the pollen, is still clay ooze of the Littorina 

:3 008,-3 7 
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Sea, and 10 cm. higher the diatoms of the ooze were also investigated 
and are of the Littorina type. The diatoms were investigated at 
almost every 10 cm. The diatoms of the succession of layers are 
given in Table VII, Vävarsbacka I. In connection with the diagram 
the curve for the displacement of the shore-level in passing the 
site was drawn on the basis of the diatoms. 

The clay ooze in the lower part of the profile represents the first 
half of the Littorina Sea. According to the evidence of the diatoms. 
the water depth was tben greater than when the fine detritus ooze 
above the clay ooze was deposited. The quality of the latter secli
ment , too, proves shallower water than formerly. 

Although the beginning of the Littorina period ü; missing frOlll 

the diagram. the sequence of strata is faidy illuminating from thc 
point of view of the question of transgression. The composition of 
the Littorina sediment in the profile and the diatoms do not support 
the view that any considerable transgression occurred in this neigh
bourhood du ring the Littorina period. But it seems likely on the 
basis of the diatoms that delays occurred in the retreat of the shore
line, seeing that the curve for the changes of the shore-level remain", 
on several occasions in a definite position fol' some time. The regres
sion would then have occurred by stages from one phase of inter
mission to another. I have marked these delay zones of the 
beach by the letters a, b , c, d , in the diagram. It is possible that 
these correspond to the four stops of the shore of the Littorina Sea 
period in the Helsinki neighbourhood: LI, L II, L III , L IV. 

The succession of layers referred to does not , however, rule out 
entirely some very small advance of the shore-line towards the land 
during some delay. On the contrary, it lends some slight support 
to this view, for the diatom curve that indicates the shifting of the 
shore-level rises in the a and b zones to a smal1 culmination that 
might signify a slight invasion of the shore landwards. 

The maximum limit of the Littorina Sea, as already stated. is 
here 27- 28 m. above sea-level as established by Sauramo and Hellaa
koski. This figure can, in my opinion, be regarded at any rate as the 
millimum in this district , considering the highest limit of the 
Littorina Sea in the neighbouring areas. The dwelling sites that 
represent the later comb-ceramic cultures discovered in the area 
(A. Äyräpiiä 1929) , which are situated 18- 19 m. above sea-level. 
are also in favour of tbe above-mentioned level of tbe maximum limit 
of the Littorina Sea according to Äyräpää's system. 

So far I have no more stratigraphical evidence from the Porvoo 
r.eighbourhood of the course of development of the Littorina Sea . 
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Fig. 20 . 

Pig. 20. Profil e of the Vävarsbacka 
bog. Analyst E. Hyyppä. 

Fig. 21. Profile of thc 43 metre bog. 
Analys t E. H yyppä. 

Fig. 22. Profile of the 58 m .. ~ tre bog . 
Analyst E. H yyppä. 

Fig . 21. 
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Fig. 22 . 

On the basis of the Vävarsbacka bog, however, it can be established 
that t he development proceeded there in the same manner as in the 
Helsinki neighbourhood. This is intelligible, for the areas are close 
to each other and on almost t he same isobases, as was shown already-
by R amsay's studies (1920, 1926). 

G. Rudeberg (1925 a) established an ancient beach about 2 km. 
S. of Vävarsbacka, which is 56.7 m. above sea-level. According to 
Rudeberg this is the maximum limit of the Ancylus transgression. 
This date is based solelyon the altitude of the shore. I have two 
bogs in this investigation area that provide some stratigraphical 
evidence , too, of the age of this beach. 
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T a ble VII. 

Anal. K. Halminen 
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sorex ........ . .. .. .. . 
turgüla . .. . ...... . .. . 
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The 4·) J.Vletre Bog. 

Fig. 21. page 67. illustrates the profile of a bog situated about 
:2 km. N.E. of Vävarsbacka (investigation area No. 30). The bog is 
a Pinus-Sphagnum »HighmooD> and is situated about 43 m. above 
sea-level. The altitude is obtained in this ca. e, a ' in the previous 
one, from the topographical map. The threshold of the bog, according 
to the map. is about 40 m. above sea-level. On the bottom of the 
bog there is clay. possibly varved, which ü:\ almost sterile. Therc 
\\"ere pollen grains only in the upper part of the clay bed (J.-l- 4 .;) 

m.) and there are also very scarce diatoms in it. According to the 
diatoms (Table VII. \~ävarsbacka H. 367- 371) thc clay, from thc 
bottom up to 4.:; 111., is late-Glacial. SampIe 371 appears to belong 
to the Y oldia, as it contains Grammatophora oceanica anel Thalassiosira 
baltica , though in very small quantities. 

The next sampIe above (370) , in which there is a typical big
lake flora . belongs either to the end of the Y oldia period 01' to 
the beginning of the Ancylu s Lake. The basin is isolated soon after 
from the Anc:vlus Lake at a level of about JO m. The Ancylus 
perioel. to judge b:v the pollen flora . still lasts for a long time after 
the separation. 
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in t he pollen diagram under discussion there is a distinct Pin-us 
maximum in the terrestrial peat (3.9- -1,.0 m. ). This Pinus peak of the 
Ancylu: period corresponds in some cases to tbe time of the highest 
extent of t he Ancylus transgression. In this case. however, it prob
a,bly belongs to a time later than this maximum . Th e Pinus peak 
of the Ancylus period does not always correspond to the transgression 
maximum_ though it should be considered certain that as a rule it 
belongs to the Ancylus transgression phase. 

T n this diagram. howevel'. the point of the transgression peak 
J' eferred to cannot be determined at a l1 with absolute certainty. If 
sample 370 belongs a lready to the Ancylus period. it represent,: 
the highest level of the Ancylu" Lake a t thi" place. Also this 
sc~mpl e iso however , so pOOl' in diatoms that it docs not s1.1ffice for 
thoroughly reliable dating . On the basis oi the stratigraphy of the 
bog in question. however, it seems certain that the Ancylus maxi
mum extended here at least to the level of the pass-sill of the bog 01' 

-J.() 111. above sea-level. 

The 58 MetTe Bog. 

Rudeberg's »Ancylus maximum» mentioned in t he former chapter 
is -56.7 m. above sea-level and thus represents a considerably higher 
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level than the 40 m. referred to above. We can check the age of Rucle
berg's shore-line by means of a third peat bog investigated by me in 
this area. This bog is situated about 1 km. S. of the former one (in
vestigation area No. 30). Hs surface, according to a topographical 
fixed point on the bog, is in round figures 58 m. above flea-IeyeL ",0 

that the bog is approximately at the level of Rudeberg's beacl!. 
Fig. 22. page 67, illustrates the stratigraphy of the bog. The forma 
tion of peat began on a substratum of tilJ , the local ~mall pond 
being at first silted up. The pollen diagram exhibits a flora of a 
very distinct type II"hich seems fairly reliable for fixing the date. 
although diatoms are not available in this case to help us in the 
pollen chronology. In the coar~e detritu~ ooze on the bottOlll of 
the bog, dep0f'ited in the tarn . only sm all lake freRh -water diatom 
species oeeur, as: Anomoeone1's lollis 3, .d.. se1'ians 5, Oocconeis 
diminuta v. f'uglypla 4, Epithemia zebra \-. por-cellu 4, EurlOtia spp. 
5, Navicula }Jupula v. rectangular-is 2, N . radiosa L Pinmdaria spp. 
5, Tabella?'ia spp. 1. This flora lived in quite a smalJ lake 01' tarn 
and proves unquestionably, that the bog basin was ah'eady shut 
off from the Baltic at the tinte when the coar, e detritus ooze 100vest 
in the sequence was deposited. 

From the age division of the pollen diagram it will be seen that 
the aceumulation of the coa1'Re detritus ooze began at this place 
already in the Yoldia period (field Y). The peat started to grow 
at the beginning of the Ancylus period at the latest. Yoldia pollen 
is in this bog repl"esented by an assemblage dominated by deci 
duous trees situated belo\\' the Pimls maximum of the Ancylus 
period, in \\"hich there is also a slight quantity of rarer foliferous 
trees. Such a composition of the pollen spcetrum is typical in South 
Finland particularly of the latter half of the Yoldia period. 

The level of ]~ucleberg's »Ancylus beach» (56.7 m. above sea
level) corresponds approximately to the level of the bottom of thi", 
bog. As the bog basin , according to the eYidence brought forward 
above, separated from the Baltic already at the end of the Y oldia 
pet'iod, this ancient ,hore also belongs to the Yoldia period anel 
is not the maximum limit of the Ancylus transgression, as Rudeberg 
assumecl. The Ancylus transgression maximum in this area is beIO\,' 
Rucleberg's beach or belo\\' the level of 56.7 m. According to the 
eYidence of the stratigraphy of the p1'evious bog. the Ancylu>, 
transgression peak is at leaRt 40 m. above sea-level, so that it.-. 
exact position 1S between these levels . 
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PERNAJA. 

Of this area I have so far no stratigraphieal material whatever. 
The loeal Littorina Sea maximum limit, aeeording to Ramsay (1926), 
i. 2~ m. above sea-Ievel at Fantsnäs, S. of the town of Lovisa. G. Rude
berg (1925 a) likewise identified a shore esearpment on the eastern 
" lope of the esker S. of Lovisa (Köpbaek) at 27 m. above sea-Ievel 
,md on the western slope at 28.1 m. above sea-Ievel, and a raised beaeh 
-t km. T.E. of Forsby at 29.-10- 30.2 m. above sea-Ievel. Aeeording 
to Rudeberg these beaehes represent the maximum limit of the 
Littorina Sea. But neither for these nor for Ram ay's dating has 
an.v stratigraphie al evidenee been produeed. Taking into eonsidera
tion the direetion of the isobases of the Littorina Sea, whieh is already 
known in its main features in the South Finnish coastal area on the 
basis of Ramsay's researches, it seems eertain that the maximum 
limit of the Littorina Sea is aetually on an average 28 m. above sea
level in the Pernaja area. 

:vI:y assistant, Mr. A. Val anne , determined a wave-eut cliff at 
, 'egerby in Pernaja (investigation area No. 31) E. of the road to 
:::;t.römfors, the foot of whieh is 36 m. above sea-Ievel. This shore
line is above the Littorina maximum refelTed to and belongs to the 
Aneylus period. It apparently eorresponds to the aneient beaeh 
N. of Tikkurila determinecl by Rudeberg (1925 a) whieh is 37.3 m . 
c),bove sea-Ievel and which I, too, identified in the same area (page 
60). This shore appears to be later than the aetual Aneylus trans
gression, but nevertheless it belongs, as I have already mentioned, 
to the Aneylus period and, judging by its altitude, to the final phase 
of that period. In this connection it is impossible to say whether this 
shore-line represents a tran gression 01' a delay that oeeurred in the 
retreat of the shore-line. 

PYHTÄÄ, SILTAKYLÄ. 

RAISED SHORES. 

The following aneient shore-lines have been determined m this 
area: 

Investigation area No. 32, Huutjärvi esker: 

\'-ave-cut cliff winding round thc llighest top 
of the esk er ., ... . . . ... . ..... . . ... .... . 

.-\.brasion cliff on the ,,-estern slope of the esker 
Boulder shore south of the e ker ....... . .. . 

25. 9 ill. above sea-Ievel 
16. 9 .) 

8. 5 ~ ) 
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Investigation area X o. 33. esker E. of l\lunasuo bog: 

Abrasion eliff winding round tlH' slopes of tlw 
('skel', Fig. 23 . . . . . . . . . . . . . . . ~6. () 111. ttbon) ~('H·lt-'\ 'el 

Investigation area No. 34-, Aaltoila hill: 

l30u ldpr rampart Oll the s lope of the hili ~l.;, m. Hboy!' :-;1'>1·11' \ ' ,,1 

~7. 0 » 

Investigation areas Nos. 35 anel 36, near the cemetery: 

'Yfwe·cut c1iff ~. of cemetf>I'.\· ......... .. .. . 
X. » ,,'ithin' th<' "amp 

eRkel' complPx ... . . .. . . ..... .. .. . .. . .. . 
Abr-as ion ('liff ~ ligh tly X. of tlw form('1' . ... . 

elose tu a slwcl hy the si<!<' ()r 
tlw road I('ad ing to th(' Skogträsk hog 

Abrasion cliff \\' . o[ the road, slightl)' X . of tlw 

~6. ~ ,) 
:W.l " 

:W.I » 

formf>r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26 . 0 >' » 

All these shares were eletermineel by my assi::;tant. .:\'11'. A. \ 'a
lanne. They are groupeel at the following levels: H.:' m .. I Ö.!! m. , 
20.-1-2 1. ::; m. , anel 26- 27 m. aboye sea-leyel. The last of these shore
lines is the best developed anel it was also to be reC'ognised at the 
largest number of observation points. On the basis of its altitude 
it would seem to represent the local maximum limit of the Littorina 
Sea which , e. g., in the neighbouring area of Pernaja averaged 28 m. 
above sea-Ievel. Below we will examine the age relations of these 
beaches in the light of t he stratigraphy of the bogs. 

~TRATIGRAPHY OF 'eHE PEAT BOGR. 

Skogträsk Bog. 

Fig. 24" page 85, illustrates the stratigraphy of the Skogsträsk 
bog. In type it is a Pinus-S1Jhagnum »HighmooJ') and surrounds 
the sm all Skogträsk pond, investigation area No. 37 , The surface 
of the bog at the point of boring is 27 m. and its pass-sill about 25 
m. above sea-Ievel. The latter was eletermined according to the 
topographical map and the figure is therefore not quite exact. The 
threshold is in any case slightly below the 27 111 . level. 

The 26-27 m. shore mentioned above appears in the esker land
scape S.VV. of the bog anel there are boulder shore of this beach on 
the very edge of the bog. We will see whether the stratigraphy of 
the bog support the opinion that this 27 m. shore-line represents 
the Littorina maximum of this district , 
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On the bottom of the bog there is fine detritus ooze whieh eontains 
a diatom flora typieal of the Littorina Sea and proving :;;hallow water 
(diatom table VIII, Skogträsk bog). The Littorina maximum falls 
within the tower part of the ooze (sampIes 230 and 231).01' eonsequently 
within the very beginning of the Littorina period. für there is good 
reason to assume that this ooze began to be deposited at the vel'.'-

Photo .\. Yalaune. 

Fig . 23. Abrasion cliff (L I) winding round the slopes oE the osk er E. of 
l\IunaSllo bog, 26 m. above sea-lc\·el. 

beginning of the Littorina period. This view is supported by the 
pollen flora whieh is dominated by pine in the fine detritus ooze at 
the bottom of the profile, as is the rule at the beginning of the Litto
rina period. The pass-sill of the Skogträsk bog is only about 2 m. 
and the bottom of the boring point only 3. 8 m. lower than the 27 
m. beaeh. The water body represented by the fine detritus ooze at 
the bottom of the bog should thus most probably reaeh the 27 111. 

level on the basis of these figures , as there is no other beaeh in the 
distriet that eorresponds bettel' to the littoral eonditions under whieh 
the fine detritus ooze referred to eame into being. This vie,y gains 
strong support from the diatom assemblage whieh proves shallow 
water during the deposition of the fine detritus ooze. It also seems 
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Table VIII. 

_\ l1al. I\.. ::;almincll 

. ie/wal/th e:; breripes I'. illtl'(Il1l'di(l 
colcar ........ . .. . 
Clerei . ... .. ....... . 

» r. r08tmla . .. .. . 
lrl/leeolata r . ellipt iff/ .. 
Ö~lrllpi . ..... . . 

• llIlJIhora arenieolo 1' . /11(1/0,. . . . .• 
baltic(I ... .. . .. . .. . . . . . 
ca/Jitaln . .. . . . ...•. .. . 
CI)/llIlIll tlll(l . ....... . 
.\'orll/rlll i .......... . . . . 
aU/fis .. . ...... . 

". libyca ..... . . 
1'. pediculus ..... . 

,1I1OII/oeollei:; s/)!iaerop!iorn . ... . . . 
r. /101.1/' 
grrwww . 
". SCU/Illa 

Calol/eiö /orillosa r. hr)llIIifll:;i., ... . 
latiuscula ........ .. .. . . 
pel'lltr/gl/(( .... . ... . . .. . . 
8c1I?1maIll1l((1/(/ 1'. liicol/-
,triela . .. ... . ... .... .. . 
silicu/II ..... . ....... .. . 

» r. tr/weatlila .. . . . 
Zaclwriasi .... .... .. .. . 

Crlll/pylodisC'l/s clypCllS .. . . . .... . 
» 1'. bicol> tata . 

echelleis . . . .. ... . . 
lloriclls ... . ..... . 

') ,) 1'. hibC1'IliCil 
Chaetoceros SI). (itiü) . . ......... . 
G'oecollei.~ dili/ii/llta .... .... .... . 

clisclilus ............. . 
pecliculm . . ...... . .. . . 
placenllll(l . . . ........ . 

r. ell(JIYjita ... . 
r. klillorll/lhi .•. 

» r.lil/eala . . .. . 
scutellum . . .. . ... .. .. . 

,) 1' . WIr/ 'n . . .. . 
Cuclotella comta ........ . ...... . 

,) ,) !'./llIucijiWlctllta .. 
CYlI1atopleura elliptica .......... . 

r. tO l/ötr ida . . 
1'. hibemicn .. 

» 1'. lIabilis . . . . 
,) soleIl . .... .. ..... . 

CY/I/bella aspera ...... . • . .. . .... 
eistula . . . . . ...... ... . 
cllspidata ... ..... .. . . . 
c.l/mbiforlll is .... . 
Ehrellbergi i ... . ....• . . . 
lal/eeolrlla ... . ..... . •.. 
Iräa . ... ........ . .... . 

1 i 1 1 1 -=1 11 

1 - 3 
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1 Munasuo J30g I Eastcl"Il Munasllo Bo~ 1 Skogträsk Bog ' 

173 ,174 ' 1751176 ' 1771 Hfl 1u711Ds '199 ' 20012011202'203 2271228 2RO , 2:11 

CY1l1bella leptoceros . . .. . .... . . .. - - J - - _1_ 11 _ J _! J_ 
prostrata .. . ... . . . ..... -1-' - ;-'- - - - J 1 11 - -1- . 
spp . . . . . . . . . . . . . . . . . . . - - - - - - 1- -I - 1 1 -I 
tllwida . . . . . . . . . . . . . . .. - - 1 - - - - - - - = -=1--=1 ' . 
turgida ..... . .• . .. . .. . 1

1 

- - 1 - - .- - _' 

Diploneis didY1l1a . . .... . . . . . . . .. -:: - - - - - - - - 11 
_ 

d01!lblittel1sis . . . . . . . . . . . - - - 1 .) - 11 

~):ict:~~~C.O~IS~ _I _ __ -= _. _ =1 _ 1
1 

- 1 =1. ... _ 
e!lip!ico . . . . . . . . . . . . . . . .. . . -
fmmca .... . ....... . .. 2 1 1 J 1- - -' 1 - -

incnnata .... . . . . . . . . .. - -1-1-- l ' 1 - - - -1-
omZis . .. . . . . . . . . . . . . . . 1 

interrupta . . . . . . . . . . . .. -= =1 - 1 =1 = = 21 j l - 1 -11- -I_~ = _J = 
,) v. oblonge/la. . . . . . - _ I - -1- - - - I 1 - - - -1-1 . -. 

I~scudowlis ......... .. . - -·1 - -- - - - - -1-1 1 - - -
81ii1t1w . . ....... . . . . . . 1 1 1 - 3 · - -1- - - 1 -I 3 

,) 1:. rhomb iC{! ...... __ I 1 :3 3 3 - 1 ~ - - 1 - - J 
E!, ithewill nrgus ........ .. .. . ... -: J 11 1 2 3

1 
:2 11 1

1 -= = -= -=1 j _ 
,) ') v. longirorn is .... 1 1 1 I 

llyndn~anni . . . .. ~ - -- 1 1 3 :2 -t ö J - -- 1 
intermedia . . .......... -11 1 .J Cl - - - 1, 1 2 21· - - - -
11fuelleri . . . . . .. . . . ... ' - - - - 3 - 2 ~ 11.1 11 :'1) 1' 1

1 
-= .21, ~l l1 

sorex ... . .. . ...... . . . 1 1 _ , 1 3 1 1 
turgida . .............. 1 11 -1 1 3 G f) - 4, ~ 4

11 
~1) 1 4 GI .') 1 1 3 2 

>I t·. gramdatn .... ,- - - - -I - 1 1 1 1 1 1--
') L". W estennanni . 1 11 2 :3 5!) :2 1 51 5 5 5 5 1 11 1 

zebra . . . . . . . . . . . . . . . . . :2 1 Cl :2 ij 5, 1 :2 5 5 3 B, 1 1 1 
1' . porce71us . ..... . ' 51 5 5 :.> 5 - - 3 .j .') 'J) I 5 - 1 

') ,) 1". saxonica - - _ = =1 =- ~ _ :2" .. 
Runotia Clerei ... ... ... . ...... . - - 3

1 

[ - -1--
s)JfJ. . . . . . . . . . . . . . . . • . . . G :2 2 - --

J' ·Z . 1 · '1 1 1 1 1 ~ ) 3- 3·1 ~ 3 J ·ragt arln s]Jfl. . . . . . . . . . . . . . . . . . .) - - - -- _ :. _ • , 

OOJ1/phonema aC1/millrttw>t .. . .. . : . 1 -1-
1

- - J -1- 1 1 1 

'I » v. Breb/s- , 
soni .. . . - 11- - - 1-
t· . COrD- , 1 

rOllstrictum na ta . . . ii j = = -..:' = =1. 1 1 

gelllinatum . . . . . . . .. -'I 1- - 'I -I .- =. -
lungiceps v. gracilis . . -:- ____ =- 1 

>I I) '/:. subclamtr/ . - - -1- - 1·1 1 =- - =---
Oyrosifjll/f/ I!cwuinatum . . .. . .. . .. - -i - - - I 1 -I 

attmuatwn ........... - - - 1 31 3 1· ;) Cl - , - '-
S)iencerii 1". noditera .. - - _I - - - - - 1 - -

Mastoglo/II Rr(mnii . . ...... . ... . 
elli)?tica ......... . .. . 

,) c. dansei . .. . - 1 1 
Orerillei . . .......... . 
81J~ithii . . . . . . . . . . . . .. - - ' - -

r. amphicephala 1 - - -
» ') c. lacustris . . ' - - - -

J1 elosim ambiglla . . . . . . . . . . . . . . . - -1-
orellaria . . . . . . . . . . . . . . . -= I ~ . -': 
clistalls ... .. .. . .. . . . .. . 

390 8, - 37 

1 

J: 
] 1_ 

- 1 

1 --1-- -, 
- - 1-
- 1- -' -i -
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Munasno Bog I Eastern ~lunasuo Bog I Skogträsk Bog' 

li:3 174 175 176 17717ö 197 l U8 IHn 200 201 :202 20:3 :2:27 :22R :2:30 1i31 

Melosira grmmfllin ..... . ........ ~I '- - '1- - -' - - - 1 
isiandici/ wbs/l ee . lt elretic(I:3 11- 1 1 - . :~ j 5 !) J 1 I 
i taliccl... . .. . ........ . . - - -1- - - :3 1j- 1 __ J -I 

w0spec. snl}{/retiea . 11- - - -I - - - -

Juergensi . . . . . . . . . . . . . . 1 - 1 - - -I - - 1 

mom/ilorll/is .... ..... • . - :2 - - -' I 
" 11' esüi i- Jlarra ...... . .. I - -I - -I 5 - ;) 

.\ rtneula amenealla ..........•.. 11- - -1- -
1 - -ltllgIICU .. . ..... . . .. . . .. - - -1--

baeillul/I ... . ..... . . . .. - - - - -
er-ueieu/n . ............. 1 - - - -

·1 
» 1' . obtmllta. . . . - - - -1- -

CIlS)lidllta . . . . . . . . . . . . . . 1 -I - _. - -

elegnlls . . . . . . . . . . . . . . . . 1 1 11- - - _. 
grfStrWII . . .. . . . .. . .. . .. - - - - - - -
graciloidps . . . . . . . . . . . . . -~ - - - -
humerosa . . ...... . . . . . . . - - - -
J enl::sclti i .. . ........ . . 
Irtcl/strls .. . ...•. . .... . 
Zibeflus ............... . 
oblol/gn .. . .....•... . .. 
1Ieregrillo . . .... . . .. . .. . 
[llacelltlt!l/ ... .... ..... . 

t. jell isseyellsis 
I. /!lI!ceo/ata .. 
I. /atil/scula .. 

,) I. rostrrrta ... . 
I'latys/oli/a ..... . .. . ... . 
pUllc/1f/rlla ...... .. .... . 
[lus ille! ... ....... . ... . . 
mdiosa .... .. . .... . ... . 
rhy ne/wce I ,jut!a .. . . .. . . . 
Schönleldii? ........... . 
sClttelloides . . ......... . 

,) t!lscula ........... . ... . 
S eidiwil iridis . .......... . .... . 

I. l-erilltlis . . . . .. . 
,) r. (( III /Iirlla . . . ... . 

producluil/ ..... . . .. ... . 
') -'Jlp .. . . .... . ... .... " . 

Sitzschia aCl/la? ........ . .. . ... . 
(wgustola .. . ....... .. . 
circ!llll,~uta .... ....... . 
11I/l'ic!t1aris . . .......•.. 
jlUlletalo . . ..... . ..... . 
scalaris . . ...... . . .... . 
sigmoidea .. . .. .... . . . . 
spectllbilis .. . ..... . .. . 
Irybliollel/a ..... . ..... . 

1' . litoralis .. . 
1'.1·Ictariae . . 

Pinnldaria dactylus . .. . ... . ... . . 
//Iacifelltn .. . .. .. .. . . 
1Illüor ............. . 

,) I. hyalina .. . .. . 
lIobilis .......... . .. . 

I~ = =1=-
-I 1 - ---- - -1-
355 1 cl 1 :l 

----I 
1 - 1 - 1 

1 - - - 11 
.) 1 -1- - 1 11- - - - - --! 

- ~=== --I 
2 1 - --
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1 )1l1ll asuo Bog , Eastern )Junasuo Bog I Skogträsk Bogl 

1173117417" 176; 1771179197198199200201 1202 ; 203227228 , 230231 

Pi,,~ul""U ~I:ridi; : : l L ' ,I ~ :J"I ~ ~I ' J ~ _11=1 J = 
RllOicospftenia currata ...... . .... , - - - - -' - - -1-1 1 :2:Z - -'1-1 -1-
Rhopalodin gibba .. .. . . ......... 3 - 1 :2 1 - - - 1 :2 :2 1 1 - - - -

,) » v . rentricos!l .. .. -.2. = = --= - = - - - --= ~I_ = - ::...1 __ 
l/Iuscullls . . .. . ... .. .. 1 1 1 - 1 

Strl1lrollei s (l f 'llta . .. . ... . .. . . . .. . : 1 - - - - - - 1 - - - - - -
anceps f. linem'is ...... 1 - -' - - - - - - - - -

') jJhoenicenteroll . ..... . . I 3 1:2 - - 1 1. 1 1 1 - - -I - -
8 teplwnodiscIIs astme(( . .. ... . ... 1 -- - - - - 1 :2 3 !i - _ . -
Stephanopy.r is tnrris? .. . . ....... . - - - - 1 
Surirella biseriat(r . . . . . . . . . . . . . . . 1 -- - - - - 1 

,) 1' . bi/rons . .. . . . 1 - 1 11- -- - -. - 1 1 
') v. constneln .. .. - - - - - - - -

(Japroni i . . . . ........ . . 2 1 2 : ~ I- -I' - 1-1 
plegrll~s .......... .. .... 3 -l .[ :2 31 - - 1 -
/!/leIO/ s . . . . . . . . . . . . • . . . - - - -1- -
o/,r!la 1'. crUII/elW .. . . . .. 1 - 1 - - - - -

1 11- - -1-- -11 1 - - - -- -
1 1 - _1- -

1 1- - -1:-:.:1= 
1 - -----. - - --1--

robustrl ................. 1 -1- - -11 --
» r. sJllendlda .. . . . 1 - - - - - - .- - - -

striatula .... . .. ...... . . 1 :2 1, - 2 1 - 1- 11-= 3,41 
,) tenera . . . . . . . . . . . . . . . . . - - -1 -

8ynedra SJI. .... . ... .. . . . ...• . . - -: - -I - - - -I - .-
ulna ..... . .. . ......... -1- - 1

1 
- - - - - - 4 

:: ::: ~:)~~ßI~tl;ie~;l" " " -= -= = = =1 = ~ i = =1- = = 
Tabellaria sJltJ· . . . . . . . . . . . . . . . . . j _. - -1-1 

- 1- - - 1 1 1 - 1-·' -1- -
T erpsinoe Illll ericllIla .. . .. . . ..... -1- - - - -11 1 -1- ---1-1-- - -
T etracychls IllclI str is . . . . . . . . . . . . . i\ 1'- -: = =1, -- .- -: = = =, =1 = 

1' . rl/O lI!him . . . -l 

certain that the fine detritus ooze of the profile belongs entirely to 
the pha e of the 27 m. shore-line and represents L I. 

Even on the basis of this profile it cannot oe established that 
any considerable tran 'gression occurred during the formation of 
the uppermost Littorina shore. Judging by the altitude of the tm.'esh
old of the bog, the possible transgression is ab out 2 m. at its highest. 
The weight of the evidence of the Skogträsk bog is, however, reduced 
to some extent by the circumstance that pre-Littorina sediments 
are absent, so that the important contact between Ancylus and 
Littorina cannot be examined in this case. 

Easlern M'tmasuo Bog. 

The bog is situated about 5 km. due N. of Siltakylä (investiga
tion area No. 38) . It is an E1'iophorum-Sphagnurn »Lowmool'» in 
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type . Fig. 25, page 85, illustl'ates the profile bOl'ed on the bog and 
the pollen diagram. Lowest in the stratigraphical sequenee, from the 
bottom up to 4 m., there is clay whieh is an Aneylus Lake sediment. 
'fhe diatoms of the elay (table VIII, Eastern Munasuo bog) ex hibit 
a typiea.l big-lake flora having a eomposition p1'eeise1y of the kind that 
appears as a rule in the Aneylus clays of South Finland. The pollen 
diagram also shows a Pinus maximum that is typical of the Ancylus 
time. The lower part of the clay eertainly belongs to the time of the 
Aney lus transgres ion peak. Aeeording to the evidenee of the 
diatoms this maximum should be plaeed in the very lowest part of 
the sequence 01' in the horizon of sam pIe 203, i. e. at a slightly 
earlier time than the absolute Pinus maximum, just as in the Vä
varsbacka diagram, Fig. 21, page 67. Mixed oak fOl'ests were still 
absent at that time and Alnus , too , appears sparsely as is generally 
the ease in sediments of the Aneylus transgression period. 

In the profile above the elay fine detritus ooze begins, the 10wer 
part of w hieh represents the Ancylus regression time, while the 1I pper 
part represents the Littorina transgre SiOll period. 'fhe contact oi 
Aneylus anel Littorina sediments is between sampies 199 anel 198. 
Sampies 200 anel 1\)9 represent an Ancylus regression anel there is 
typical small-lake flora in them. In sampie 199 there is, besides, a fair 
quantity of Eunotia Clevei , whieh is a reliable inelex fossil of the final 
phase of the Aneylus Lake in South Fin1and. From the list of dia
toms it is seen further that in the Aneylus clay and in the fine detritus 
ooze laid down during the regression period there are small quantities 
of some typical Littorina species. These, however, are entirely for
eign in these assoeiations. It i certain that they are impurities com
ing with the borer from the Littorina ooze above. ~o more attention 
can therefore be given to them in this eonnection. 

Sampie 198 contains very pure Littorina flora, an association of 
Cam1Jylodiscus clypeus , C. echeneis, Diploneis Smithii v. rhombica , 
Mastogloia spp .. M elosim lVestii f. par va , ),Tavicula peregrina, Nitz
schia ci1·cumsuta, N. scalaris. At the same time this sampie represents 
the local Littorina Sea maximum. In the displacement of the 8hore
line this maximum, juelging by the diatoms, eloes not signify an.\' 
considerable advanee of the shore towards thc land. 

No visible change oeeurs in the composition of the sediment at 
the contact between Aneylus and Littorina. The aecumulation 
of the fine detritus ooze continued at the beginning of the Littorim\. 
period in precisely the same mamler as it oecured du ring the An
cylus regression. It also seems eertain that there is no hiatus in the 
suecession of strata in this important zone of contact. This vie\\" is 
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supported by the development of the diatoms, the lithology of the 
sediment ancl a lso by the pollen flora. The pollen diagram is very 
normal in type and proves that the deposition occurred evenly with
out disturbance in one direction 01' another. 

The Pinns maximum typical of the Ancylus period declines to
wards the end of the Ancylus regression, but rises again at the very 
beginning of the Littorina period to a slight culmination (sampIe 
198), while at t he same time the continuous field of mixed oale forests, 
which is typical of the Littorina pet'iod, begins. Such features 
of the pollen diagram as a rule characterise the beginning of t he 
Littorina period in South Finland. On the whole we have he re a 
pollen diagram that is very typical of the development of post-Glacia l 
forests in South Finland which can be dated with complete certainty. 

The stratigraphy of this profile further proves conclusively that 
at this place, too, the Littorina Sea maximum is to be placed in time 
at the very beginning of the Littorina pel'iod. The Skogträsk bog 
discussed above already led to this view, so that it should be con 
sidered certain that the Pyhtää district fully corresponds in thü; 
respect to the investiga tion areas dealt with above . This bog a lso 
proves that the negative change of the shore-line had proceeded 
rather far already at the begnming of the Littorina pet'iod, for the 
lower limit of the peat is only 20.\) m. above sea-Ievel in the profile. 
When the water body at the place disappeared, this limit was , of 
course, a little higher, as the deposit has naturally compressed s light ly 
in the course of time. 'rhus, when the paludification began, the hore 
was already below thc 21 J11. level. We see from the pollen diagram 
that the formation of peat began in the fir t half of the Littorina 
pet'iod. The level of about 21 m. therefore still belongs at thif; plaee 
to the first half of the Littorina period and to an earlier period than 
the peak of mixed oak forests . 

From the list of ancient beaches it will be seen that at Siltaky lä 
in Pyhtää there are also two shore-lines below the Littorina maximum: 
20.4 m. and 21. G m. above sea-Ievel. Both these shores may pos 'ibly 
belong to the same phase of delay in the lowcring of the water-level, 
although in this connection it eannot be said whieh of them COlTes
ponds more closely to the average level at t hat time. In regeud to 
its alt itude this shore-line should correspond to L In of the He l
sinki neighbourhood. According to the pollen cliagram it certain ly 
belongs to the first h alf of the Littorina periocl . 

. M unasuo Bog. 

On the \V. of the previous bog there is another of the same type 
(investigation area No. 39) , the stratigraphy of whieh is iIlustrated 
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by fig. 26, page 85. On the bottom of the bog there is sandy clay 
at fir t , whieh is devoid of pollen and diatoms and evidently belongs 
to the late-Glaeial time. This is followed by a thin layer of sand, 
sampie 177, whieh is a Littorina Sea sediment and eontains diatoms 
typieal of this phase of the sea (table VIII , Munasuo bog). The 
flora in sampies 176 and 177 is mostl:v of the same type as the dia
toms of the sediment in the previous bog that represents the 
Littorina maximum. In this sequenee, however, there is an obvious 
gap in the transition from late-Glaeial clay to Littorina ooze, for 
Aneylus Lake sediments are laeking and possibly the beginning of 
the Littorina period is also not fuily represented in the sueeession 
of strata. It seems eertain, however, that sampies 177 and 176 be
long to the first half of the Littorina period, when the shore-Ievel 
was still more than 20 m.· above the sea. 

The pass-sill of this bog is situated, aeeording to the map , 15~20 

m. above sea-Ievel. The separation eontaet is 16.6 m. above sea
level. Aeeording to the pollen diagram it is to be plaeed about the 
L IV phase. The level corresponding to L IV is therefore about 
16~17 m. above sea-Ievel in this area. 

l'he 15 M eire Bog. 

The bog is a small Pinus-Sphagmlm »H ighmoon> about 0. 5 km. 
S.W. of Vesterby, investigation a ea No. 40. Fig. 27, page 85, illus
trates its stratigraphy. At the bottom of the bog there is cla.v. very 
poor in pollen and diatoms, similar to the previous bog . The precise 
age of the elay eannot be detcrmined exactly owing to the absence 
of fo sils. I eonsider that it belongs, like the previous one. to the 
late-Ulaeial time, just beeause of its lack of fossils. The Aneylus 
Lake and Littorina Sea sediment is , as a rule, eomparatively rieh 
in diatoms and pollen in South Finland. The upward suecession 
of strata is of exaetly the same types as in the previous bog: a 
~tratum of sand, elay ooze, detritus ooze, all of ",hieh are Littorina 
Sea deposits. The Litotrina sediment in this ease, however, is ehiefly 
elay ooze, whieh is due to the bog being at a lower level than the 
previous one, so that at this plaee the water was deeper. The pollen 
flora eontained in the sand bed and elay ooze is eorrespondingly 
more marine than in the previous bogs of this area (table IX, the 
15 metre bog). 

The Littorina Sea maximum falls , aeeording to the diatoms, 
within the lower part of the elay ooze and the sand bed whieh seareely 
represents a regression in thi' ease any more than a distinet trans-
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Table IX. 

Anal K. Salminen 

Achnantlws brlJri/les .... ... ... . . . .. . 
» !'. inteTli/edia ... . 

Clevei ...... . ... . . . . . . . 
,) t·. rostra la ...... . 

delicntula .... . . . . . . .. . . 
') 10llgipes .......... . .... . 

. 1mphora uren ieola 1.'. 11111 jor ...• ... . 
baltica ............. . .... . 
cajJilala ......•.......... 
cOI!tlmllat[~ ... . ..... . . ... . 
Iw/saticil ..... . .....••.... 
Q!'alis . ................. . 

v.libyca ...... .. . . . 
,) ,) v. 1Jediclll!l~ ... .. .. . 

Anomoeoneis tollis ................ . 
SllllIlero)Jhorfl v. jJolygr . . . 

1'. SCtt! ptr/ .. 

Calol/cis CLlI/phisbacIICt ....... . ..... . 
,) t'. subsalilla? . . 

bacillwit ................. . 
iorlllosCL . ................ . 
;C,c!mll/aI1)Ziallll ........ .. . . 
siliculn ............. . .... . 

('ltlllllylocliscus c/ypeus ...... . ...... . 
') r. bicoslala "' 1 

,) eeltelleis ....... ... .. . 
Chaeloceros s)J. (itiö) .....•. . ... .. . 
Cocconeis pedicu/us .............. . . 

piacciltula . . ............. . 
') t'. cugl!J11til . ...•. 

,) scutel/mn . . . ............ . 
Cosei/wdiscus asterOillplzalus? ... ... . . 

(;rrll1ii .... . ...... ... . 
,) t'. aralellsis ... . . . 

IflCi/slris v. sClllenlriollalis 
Iwthii t·. ~Yor/llrwi2 .. . . 

» 8)J .......... . ....... . 
C!/clotella boi/lwiea l'. lClII(lIlCllsis .... . 

COlldll ...... . ........... . . 
') JI ßllcgltillirwll . .. . ... .. .. . 

C!ll/Ibella cisitl/ci . ..... .. .......... . 
)Jl'Ostl'llla ....•.........• .. 
sp . . .. .... . .•........ . ... 

lJiplone is dicl!JilW ..... . ... .. ...... . [ 
,) elhplica .... . ... . . .. . . ... . 
,) ineurrata . ........•.. . ... 

intern/pla .....•.......... 
l',sel.ldoralis ..... . .......•. 
/:)lIlItlm .... . .... .. . . ...• • 

v. 1'7Iolllbie(/ .... 

j-Jpithemia argus ..... . .. . ... .... .. . 
,) !'. 10llgicor>l is ..•.... 

HYlldl/lanlli .......• . ... 
interlllcdill . ......... . . . . , 
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'rhe 13 metre Bog 
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gression. In t11y 0pll1lOn it is only a distal beach sand in the sense 
explained by Halden (B. Ha lden 1!H7). The curve for the changes of 
shore-line based on the pollen analysis dec lines fairly evenly towards 
the later part of the Littorina periocl anu pL'ovides no evidence of 
the shorc haYing shifted to any great extent at one time landwards, 
at anothel' seawards du1'ing the Littorina period. The diatoms. rather, 
lead to the conclusion that some intcrmis,-ion<..: may have occurrecl 
in the fall of the ea-Ievel. 

The basin of the bog was isolated from the sea, \\'hen the shol'e
level was about 15 m. above the present level of the sea, for the 
threshold of the bog is about 15 m. above sea-Ievel as shown by the 
map . According to the pollen diagram the separation phase is si
tuated close to the end of the Littorina period or in L IV 01' else at 
<1, time immediately after it. Accorcling to this L ] V should be slightly 
above the 15 111 . level. On the basis of the previous bog I estimated 
L IV to be about 16- 17 m. above sea-level in this area. The strati
graphy of this bog therefore yields the same l'esult. In this district 
an ancient beach \I'aS also determined which is 16.9 m. above sea
level (see list. page 77). This shol'e-line, on the basis of the strati
graphical evidence discussed above, represents L IV. 
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This diagram is also interesting in the respect that it contains 
a fairly abundant quantity of Picea from the beginning of the Litto
l'ina period. This is not regular, but is evidently due to the mecha
nical concentration of Picea in the littoral deposits. We had a similar 
case already in the aqueous beds of the Pottmossen bog. In this 
case, of course, the Picea curve has no practical chronologie al value 
as regards the Littorina period. The abundant Littorina period 
appearance of Picea is also connected in this profile with the simulta
neou exceptionally high frequency of pine, the reason for whicb, of 
course, i the same as for the former. The Littorina pollen flora in 
this diagram is dominated excessively by conifers, whereas in normal 
diagrams deciduous trees predominate in the Littorina peI'iod. Mixed 
oak forests , however, are in this case a certain and always infallible 
sign of the Littorina period, which the evidence of the diatoms un
questionably confirms. 

THE CHA~GES OF THE LITTORI~A PERIOD SHORE-LI~E I~ THE 
PYRTÄÄ DlSTRH T. 

The stratigraphy of the bogs leads to the following conclusions 
concel'ning the changes of the shore-line during the Littorina period 
in the Pyhtää district. The raised beach, which is 26-27 m. above 
sea-level here, repl'esents the greatest extent of the Littorina Sea. This 
Littorina Sea maximum is situated here, as in the previous investiga
tion areas, at the very beginning of the Littorina peI'iod. so that 
from a practical point oi view the Olypeus limit is the same as L 1. 
At the time of this maximum limit the sea did not encroach appreci
ably upon the land. After the Littorina maximum other delays oi 
the shore-line occurred: at the levels of 20-21 m. and 17 m. above 
sea-level. The former of these corresponds as regards its height most 
closely to L III and the latter to L IV. It seems certain that the 
regression of the shore-line du ring the Littorina perioel occurreel 
in the Pyhtää area in exactly the same manner as in the previous 
investigation areas, although beaches corresponding to L II have 
so far not been recognised here. 

THE STRATIGRAPHY OF THE PEAT BOGS IN THE JUURT
KORPI DISTRICT. 

M unasuo Bog. 
The bog is a convex »Highmoon> in type anel is situated about 

20 km. J.E. of Siltakylä in Pyhtää and about 4 km. S.W. of the 
Juurikorpi railway halt, No. 41 on the map. 
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Fig. 28, page 94, illustrates the profile bored on Munasuo and its 
pollen diagram. At the bottom of the sequenee there is a thiek layer 
of varved late-Glaeia l clay whieh is almost devoid of fossils. There 
are slightly more pollen grains in its upper part (4.± m.- 4.ß m.), 
so that it was possible to malm a quantitative analysis. Aecording 
to this the pollen eontained in the upper part of the varved clay 
(4.5 m .- 4. ß m.) is of the late-Glaeial type, ehiefly owing to the 
eomparatively large quantity of Picea. The uppermost layer of elay 
(4.4 m.- 4.5 m.) may, however, already belong to the time of the 
Aneylus transgression maximum. The pollen analysis eannot, hO\\'ever, 
afford eomplete eertainty on this point. Nor do the diatoms suffiee 
in this case for exact dating, as only the follo\\'ing species appeal' 
very sparsely in the varved clay: M elosira arenaria. M. disians, 
Epithemia turgida. 

The varved clay is sueeeeded in the profile by a thin layer of sand 
mixed with clay, 4.3 111.- 4.± m., belonging, on the basis of its poHen, 
to the Aneylus transgression time . The sandy becl is followed by fine 
detritus ooze, the 10\\'er part of whieh belongs to the Aneylus regression 
phase and the upper part to the beginning of the Littorina period. 

The boundal'Y between the Aneylus and Littorina periods is not 
quite sharply defined, as in this case it cannot be determined as the 
limit between fresh-watel' and salt-\\'ater cliatoms, for the fine detritus 
ooze, like the sediment below it, only eontains fresh-water diatoms. 

In the fine detritus ooze, too, there are fe\I ' diatoms. They are 
more abundant in its lower part (4.2 m.- 4.3 m.). Of the diatoms 
of this stratum some of the more important should be mentioned, 
such as: Amphom ovalis 2, Caloneis Schumanniana v. biconstricta 2, 
Campylodiscus noricus 2, Diploneis domblil/ensis 3. Epithemia turgida 
v. Westermanni 5, Gyrosigma attenuatum 5, Mastogloia Grevillei 2. 
_M~ elosim arenaria 1. M. islandica sub. pec. helvetica 4. Besides these 
fresh water species Navicula peregrina was found very rarely, whieh 
would indieate a weak marine influence, as al'o, perhaps, E]Jiihemia 
turgida v. ]V estennanni whieh appears abundantly in this horizon. 
But if we consider that the diatom association of this sediment is 
clearly of the Ancylus type, we will find it unwarranted to conclude 
solelyon the basis of these two speeies that the ba .·in \\'aS direet1y 
connected with the Littorina Sea. 

The pass-sill of the bog basin is approximately 29 m. above 
sea-level. The Littorina maximum is therefore belm.v this level here, 
as the site, judging by the diatoms, was not di.reet1y conneeted with 
the sea. Probably the Littorina maximum is almost the same here 
as in t he SiltakyJä area in Pyhtää or 26- 27 m. above sea-level, for 
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these areas are situated close to eaeh other and are almost on the 
same isobase aeeording to Ramsay. In this eonneetion I should 
like to mention that Ramsay's (1920, 1926) Littorina isobases are 
almost eorreet for South Finland as regards their direetion. This 
view is also supported by the general direetion of M. Sauramo's iso
bases eoncerning South Finland (M. Sauramo 1934, 1937). 

The bog separates from the Ancylus Lake at the time, when the 
upper part of the fine detritus ooze (4.1 m.~4 . 2 m.) is deposited. 
This oeeurs at the beginning of the Littorina period. Large-lake 
forms disappeal' entirely from the diatoms and instead a pOOl' small
lake flora appears , the prineipal representatives of whieh are: Epi
themia turgida 5, E. zebra v. porcellus 4, Stauroneis acuta 1. The lake 
is soon filled up and the aeeumulation of peat begins. Above the 
detritus ooze there is a layer of deeiduous tree peat (3.6 m.~4.1 m.) , 
at the time of whieh the sea was still close to the bog. The Alnus 
maximum of the pollen diagram proves this. The shore retreats 
already, however, in the first half of the Littorina. period from the 
vieinity of the bog and the growth of deciduous tree peat ceases. 
The further growth of the bog then continues by forming Sphagnum 
peat up to the present time. 

In examining the pollen diagram it is interesting that the pollen 
of eonifers inereases appreeiably as soon as the shore zone has re
tl'eated from the immediate neighbourhood of the bog. Here we 
again have clear proof of the extent, to whieh the shore zone influenees 
the loeal eomposition of the pollen, as we saw above. 

Kajasuo Bog. 

The bog is situated about 5 km. N . of Juurikorpi station and 
the same distance S.E. of Inkeroinen station (investigation area 
No. 42). In type it is a eonvex »Highmoor» (Hochmoor) , like the 
previous one. Fig. 29, page 94, illustrates the profile bored of the 
bog and its pollen diagram. The sequenee of strata and the pollen 
of the bog are of precisely the same type as in the previolls ease. 
This is comprehensible, as the bogs are close to eaeh other and at 
almost the same altitude . On the bottom of this bog, too, there is 
a thiek layer of late-Glacial clay in whieh , however, a distinct lamina
tion eould not be deteeted on the basis of the boring sampies. 
The clay is almost devoid of diatoms and pollen, except in 
the uppermost becl mixed with sand which eontains a fair quantity 
of M elosira arenaria anel less Diploneis domblittensis, D. domblittensis 
v. subconstricta , besicles some other fresh-water speeies. These ap-
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Fig.28. Fig. :2n. 
Fig. 28. Profile of thC' :'IIwlasuo bog. JUllJ"ikorpi. Analyst K. Salminen. 
Fig. 29. Profile of the K ajasuo bog. Analyst K. Salmuwn. 

pearanees of diatoms lead to the view that the sancl.y elay (4.7 m.-
4. ü m.) belong to the Aneylus transgression time. This is also proved 
by the pollen eontent analysed from the upper part of the sandy 
elay bed whieh is clearly of the Aneylus type. 

The site separated from the Aneylus Lake to beeome an inde
pendent smalliake at the beginning of the Littorina pet'iod. The pass
sill of the basin of the bog is 28 m. above sea-Ievel. The maximum 
limit of the Littorina Sea is therefore below this level. On the basis 
of the stratigraphy of the previous bog th e Littorina limit of this 
area is belo\\' the 29 111. level. The stratigraphieal eviden ee of both 
bogs regarding the Littorina maximum is therefore in agreement. 
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On the basis of the stratigraphy of Kajasuo bog it i · certain that 
the absolute height of the Littorina maximum in this area was not 
greater than at Siltakylä in Pyhtää (26-27 m. above sea-level). It seems 
to be still more eertain that the Littorina maximum is almost 27 111. 

above sea-level in the Juurikorpi area, as we ean eonelude already 
on the basis of the direetion of the isobases. This result is given 
further eonfirmation by a eouple of peat bogs situated farther east 
whieh are, indeed, on a slightly lower isobase, but on the basis of 
whieh the lower limit of the Littorina maximum is more than 25 
m. above sea-level. In the area bounded by these bogs and the 
Juurikorpi bog the highest limit of the Littorina Sea is between 
the 25 and 28 m. levels . 

Before passing on to deal with the stratigraphy of these bogs 
it is wOl'th mentioning that \V. Ramsay (192G) measured an ab
rasion eliff at Inkeroinen, the altitude of whieh he stated to be 32 
m. above sea-level. Ramsay eonsiders this to be the maximum limit 
of the Littorina Sea. This beaeh is about 5 km. N. W. of Kajasuo. 
In the Kajasuo area the Littorina maximum is less than 28 m. above 
sea-Ievel, probably about 27 m. above sea-Ievel, as is evident from 
the above. The figure obtained by Ramsay, 32 m. above the sea. 
seems too high, beeause his observation place is only about 5 km. 
J.W. of Kajasuo, although, indeed, towards higher isobases. Juug

ing by Kajasuo, the Littorina maximum at Inkeroinen should be 
at most 28-29 m. above sea-Ievel. 

It is possible, however, that the shore-line determined by Ramsay 
belongs to L I, but was formed on a site, on whieh the abrasion and 
the effeet of the winter iee were able to malm the shore marks mueh 
above the average water-level. Further on ,ye will see that farther 
east, on the Karelian Isthmus, the limit of the Littorina maximum, 
on the basis of the stratigraphy of the bogs, is in some eases eon
siderably lower than the eorresponding shore marks indieate. 

THE STRATIGRAPHY OF THE PEAT BOGS IN THE 
REITKALLI DISTRICT. 

Silcovuor-i Bog. 

The bog is situated 3 km. N.E. of the Reitkalli railway halt, in
vestig. a. Xo. 43. It is a Sphagnum-Eriophorum »Lowmoor» in type. 
Fig. 30, page 104, illustrates the profile bored on the bog and its 
pollen diagram. The sequence of strata begins at the bottom ,,,ith 
clay mixed with sand whieh is an Aneylus Lake sediment. This i~ 
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proved, in addition to the pollen, particularly by the diatoms of 
the sediment which are a very distinct type of Ancylus flora (diatom 
table X , Sikovuori bog). The sediment passes over upwards at 6.6 m. 
into pure clay which, on the basis of its diatoms, seems to represent 
the Ancylus transgression maximun. The transgression peak should 
best be placed at the level of sampies 330 and 331 , as the curve 
for the changes of the shore-line in connection with the diagram 
shows. The diatoms are, however, fairly homogeneous throughout 
the whole Ancylus sediment, so that the point of the transgression 
maximum cannot be determined preci ely. 

The Ancylus and Littorina contact is in the limit of sampies 325 
and 326. Sampie 326, indeed, already contains some Littorina species, 
but they came with the borer from the upper strata, as there is a 
clistinct floristic limit only between the diatom associations of sam pIes 
325 and 326. There is still typical Ancylus flora in sample 326: Gam
pylodiscus noricus v. hibe1'nica 1, Gymbella prostata 3, Gymatopleura 
elliptica v. hibe1'nica 3, Diploneis domblittensis 2, Gyrosigma attenua
lum 5, and so on. 1'his flora disappears almost entirely, when sampie 
325 is deposited, this having been due to the e ological conditions 
being suddenly disturbed and converted into marine conclitions, 
when the salt water penetrated into the Baltic. The bathymetric 
cliatom curve in the diagram declines for this reason rather abruptly 
in sampie 325, though rising again immediately in the next sampie 
(324). The fall of the curve is evidently due to this ecological reason 
and cannot in this case either be taken with certainty as a gauge for 
the fluctuation of the water depth (cf. page 33). 

The rise of the dia tom curve in sampie 324 is due to the ecolo
gical condition having again become stabilised and an intermission 
having occurred in the retreat of the shore-line. The marine influence is, 
however , feIt very slightly 1'01.1lld the basin of the bog, as the Littorina 
sediment of the profile (4. ;, m.- 5.9 m.) contains a cornparatively 
large quantity of the same large-Iake species that characterised the 
Ancylus Lake deposit below it. This leads to the view that the Litto
rina Sea did not reach very much high er than the pass-sill of the bog 
even at the time of its maximum. The threshold of t he bog is 25 m. 
a bove soa-level. The Littorina maximum is therefore slightly above 
the 25 m. level in this area. 

At J uurikorpi, on the basis of the stratigraphy of the local bogs, 
the Littorina maximum ,ms below the 28 m. level, probably ab out 
27 m. above sea-Ievel, as at Pyhtää, with which Juurikorpi is almost 
on the same isobase. Reitkalli is on a slightly lower isobase than 
Juurikorpi. so that the Littorina maximum is probably a little 
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uelo\\' the 27 m. level there. On the basis of the bog we are dealing 
with it is slightly above the 26 m. level. It seems certain that at 
Reitkalli the Littorina maximum is ab out 26 m . above the sea. 
Thus the maximum limit of the Littorina Sea is roughly the same at 
Reitkalli , Juurikorpi and Pyhtää 01' 26- 27 m. above sea-level on 
the basis of the raised beaches and the stratigraphy of the bogs. 

The Littorina sediment of the Sikovuori bog belongs entirely to 
the L I time, as it involves a water-level above 25 metres , as we have 
;:;een. In the Helsinki distriet L II is 24. 5 m. above sea-level in those 
plaees in whieh L I is 30 m. above sea-level. There is no reason to 
suppose that the relative height of these shore-lines is different at 
ReitkaIli. 

During the L I time eomparatively thiek deposit was laid down in 
the basin of the Sikovuori bog. The diatom eurve shows that two small 
l'ises of water-level oecurred during the deposition of there strata: 
a and b. These cannot signify any great oscillation of the shore, 
as the basin of the bog did not even separate from the sea in the 
inter val between these culmination points. The possible fluetuation 
of the shore-level is thus ~within a limit of 1 metre: the altitude 
of the loeal Littorina maximum, about 26 111. subtraeted by the 
altitude of the pass-sill of the bog, 25 m. 

As regards the Littorina transgression itself the profile of the 
Sikovuori bog proves unquestionably, as many of the previous bogs, 
t hat when the lüghest Littorina limit was formed , the shore-line did 
Hot shift eonsiderably towards the land, Even if we were to take the 
maximum figure for the Littorina limit here as 27 m . above sea-level, 
whieh is already J metre more than 1 have estimated on the basis of 
the stratigraphy of the Sikovuol'i bog, the possible rise of the watel'
level would nevertheless be within a spaee of 2 metres: 27 m . - the 
height of the threshold 25 m. above sea-level, for the bog was not 
isolated from the Baltie before the Littorina maximum, as the dia
toms of the sueeession prove . 

The Sikovuori bog basin is shut off from the Littorina Sea at the 
end of LI or in the initial phase of the Littorina period. We see, ho,," 
greatly the qnantity of Picea in this diagram , too , rises as soon as the 
separation oecurs, whieh signifies tha t the shore zone is moving away 
from the immediate vieinity of the bog. In regard to the pollen method 
this diagram is also instruetive in other respeets. If this diagram 
is divided into time-fields exclusively on the basis of the pollen ana
lysis, the limit between the Aneylus aml Littorina periods would 
be in the horizon of sample 316, for the mass-appearanee of mixed oak 
forests and of deciduous trees in general th at is typieal of the Littorina 

;190~.-:17 13 
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Table X . 

Siko-

Allal. K. :,;almillcn 
312 1313 1314 1315 316 1317 318 f 

. I 

Achnanthes calcar ...... . ....... . ..... . .... . ......... . - -I 
,) lanceolutn v. eUilJtien . . . . . . . . . . . . . . . . . . . . .. -

Amphora com1l1utata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
arenicola v. metjor ....... . ... .. ...... ... ...... --

ot~:lis '/:' .. iibY~~· : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I :..::: 
,) ,) ,/:'. lJedicttlus ............. . . . .... .. .. . ... -

1 1 l [ 
I-I 

-t l 1 I J 
:2 1- 11-1 -

A1WmOeolleis sphaerophom . .... .. . . .... ... . . ..... ..... 1 
L polygrall/1Ilet . . . . . . . . . . . . . . . ] 

1 -l-
I I 1 

,) ,) 1'. sculptet ..... .. .. . . . . .. .. . . 1 1 11 1 
Auliscus sp . (116..1- 17.3) ............ ... . . 

Caloneis lntiusct!la v. st,bholstei ............. . .. .. ..... . 
Schumanniww v. biconstrietn .. .... .. . ....... .. 1-
StllCula. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -

,) SjJ .. .. . .... .. .•.....•.....•.....•....•....• . 

1 

- I 11 
I 

1 11 =1 
:::-1 

CamlJylodiscus c1ypeu ........................ . . . .... . 5 5 
echelleis ....... ... .... ... ..... . . . .. . . ... :2 :2 
nOTiws .. . ' .. . .. : . .... .. .... . .... ' .. . ... I -

,) ,) 'l: . /ubenuca .......... . . ......... . 1 

5 I 1 1 3 1 
3 1 1 ] I 
1 1 :2 :2 11 
1 1 ] 

C/wetoeeros sp. . . . .................. . .. ..... .... . .. . . 1 
Cocconeis disculus ... . .. ...... ........... . .. .. ... . ... . 

lJedicuhlS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 :2 
p/acelltula ... . . . .............. . .. . .... . ... . . \ 1 3 

,) 1'. euglypta . . . . . . . . . . . . . . . . . . . . . . .. -
» sp . ................. .. . ... ................ . 1-

Cyclotella b,odanica .. ................. . ..... . . .... . .. . -
,) comta .. ... . .. ............... . . . . .... . ...... - 1 
,) !üitzülgialia . . . . . . . . . . . . . .. .... . . .......... - 1 
,) ,) v. mdiosa . . .. .. . ... . .. . ........ -

Cymbella aspera ..... ....... ....... . ................. . 

1 1 
- J I~ 1 

1 :2 1 I 
,l 5 - 1 1 

1 I - -

21 1 1 ~l 
=11· - I 

I cist1l1a ... . .......... . . .. ... .. . ..... . .. . ..... _1_ 
c1lspidu/(, .... . . . ......... . ... ..... .......... - -
Ehrenbergii . .. . ... ....... . ....... . . . ........ . 

-1-
- 1 

Incustris ..... ... ... . ...... . .... . ... . . .... .. . 
lUllfeolnto ... . .......... ...... ..... . ... . . . . . . I 

prostnta .. . .. . ... . ........... . . . . . ...... ... . . 
') S[!.. . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . ..•. . . . . . 1 

Cymatoplew-n elliptieu ..... .. . . ........ . ... ... . . .... . . 1 
') t'. hibernien ..... . . . ... . ....... . 

1 I 1 
:2 2 i \. 1 1 , 
1 1 I 

I 
'-1 

soleo ....................... . . . .... . ... . 1 1 

Didymosphenia gelilinuta ............................. . 
DilJloneis didYllla ......... . ..... . .. . ......... . .... . . . 

dOiltblittellsis ....... . ..... . ... . ... . .. .. .... . 
,) S1lbcollstricta .............. . . ... . 

eil ipl im ...... . ......... . ....... . ... . ...... . 
,/:'. {adogensis .. .. ......... . . ... . .. .. . 

,) r. subconstricta ........... . ...... . .. . 

3' 1 - I 3 " 
'; 1 I 
:2 1 I 
1 

....: I 1 

incuTmtn .................. .. .... . .... . ... . . 
inteTr!l}lta ....... . . . ............. . ......... . cl 5 J 1 I· 

51 :2 
-1'-1 

I 

J[ allieri ............. .. .............. . . .... . 
omlis .................. . ........ . ........ . . 

v. oblongella .... . ...... . ... . .... . .... . . 

- 1 

1 1 1 
1 -



8. Hyyppä: Post-Glacial Ohanges of Shore-Line in South Finland. 99 

VUOl'i Bog 

1 ~ 1 _ l m l m l m m l ~ : _ I ~ I = I _ I ~lw l ~ I ~ I ~ l m l a l ~ 

_ ~ ~: =1= -i ;I-I- 1 ' I I I_! 
-1-1 1 

-

~ I 
1 -- --I -

~ I - 1 - 1 2 2 1 2 2 1 2 2 
1 2 1 3 1 1 1 1 cl 

1 -
1 

1 1 1 - - - . - --I - =1 
- I 

1 1 -1- . 1 -- 1 1 -1- _ - 1 

1 - 1- --I -- 1 - - - - -

I 
-I 11 

2 1 
-I - - -

1 -
=1 

- ~ I 1 1 1 1 1 1 1 2 

3 1 
-I 

- -

1 1 
- 1 1 1 -I - 1 - - - -I 

1 1 

-- - -
D 4 3 5 cl 1 :a -I - - - - 1 

1 1 1 1 1 - - - 1 

I , 1 1 2 2 2 -11 2 1 1 2 1 
-= 1 

1 2 1 1 1 

= 1 
- - - - 1[ - - -

- - I _. 

21 
_. - -

11 
-

1 1 2 2 5 2 1 
2 - 1 1 1 1 - 1 1 -

-=1 -= 1 - - 1 
I - -

- , .- 1 1 - 1 
-I -. -I -

=1 
- - , -I 

1 1 -, -- -
1 

- - 1 -I 

- - 1 - _i 

1 
= 1 

1 
1 

-I -
1 

- -

=1 
- - - - -

- - - - ! - 1 
1 

-
1 1 --, 

1 1 

- -

=-1 -- =1 -I -
-, - , - - .) Ö 

-I - -I 1 2 1 2 -1 4 5 2 1 
1 .) -I - 3 3 3 3 6 3 3 2 3 5 :) '1 
1 il - 1 1 1 1 2 1 1 1 2 3 3 I 

~ I 
1 1 - äl 1 1 2 1 1 1 1 1 2 2 1 
1 2 1 3 ' 2 2 1 1 1 

- 1 - 1 1 1 1 1 1 

1 1 1 1 1 3 3 J 
- 1-

;1 : 
2 1 

-
5 3 2 1 J 5 5 cl 4 1 

11 
J J 3 

1 11 1 2 1 l ' - 1 2 1 1 
2 1 , 

1 1 2 1 2 2 1 - 1 -

-

11 
1 

1 1 1 I 1 2 1 2 1 1 
4 1 1 , 1 2 1 1 =1 2 1= 

- - _. - -- -I - I _.1 _ - -, - -, 



100 Bull et in eil' 1<1 ()olllllliss ion g('olog iqlll' (je' Filliande' ::\':0 1:20. 

::;iku-

;n~ 313 314 31;; 31ö 3li 31 ~ 

I 
I D iploneis Smitltii . . . . . . . . · . ... . ... . .. .. . . 0 .·· .... · . .. I -I 

r. rhol/lbic(/ . . .. . 0 " .. . ..... , 

I!Jpithemia ragm . . ..... . · . .. . ......... . . . . . . . . . I :2 Cl .1 1 ~ I 1 
» v. lonoic01'l/i.< .. . .. . 0 •• •• 0 • • • .. . . .. . . . . 1 

llYlldmallllii .. •••• 0 ••• • •••• • . . . .... .. . .. . . . 1 1 1 1 
il/termedir/ .. . . . . . . . . . . . . . . . . . . · . . .. . . . . . · . 1 ~ I 1 l- I 
Mltelleri . '0, ' • . . 0 •.... • . · · . . . '" . 

~ I 
:2 1 

sorex .. . . . ... . ... . . . . . . ...... . .. :2 .) :2 :2 1 
turoidrl . .... ... . ... . .. . .. . ... .. . · 0. · · 0 " • 5 j l 3 3 :2 ,3 

l'. 'jramt/rrto ........ . ... .. . . . . . . . . 1 
r. porcellus ••••••••• • •• 0 •• • • 00'. · . 

» ('. \ I' esle/'llutnll i i . . . .. · . . .0. · . . · , . . 

I 
3 3 .1 3 :2 :2 .1 

:pbra .. . . . , . . . · . .. . . · . . . . . . ... .... • • 0 •••• 3 :2 3 1 :2 3 :a 
r. porcelllls . . . 0" . .. . . . · . . .. . ... f) 5 ii 5 3 3 " » ,) r. saxoHica .. ••••• •• •• • 0 • ••• •• •• • •••• • • 1 

j ';wlOlia sPI'· ... . .. . . .. . . .... . 0 " . . .. :2 ii 1 

F rogilaria ~I)J!. .. . ., . . ... .. . 

r.OIl1 pllO 11 eil !II acwIII /wllw/ r. ('01'01/(11(/ . . · . . .. :2 :2 1 I cOl/slridwII . .. . .. . ... . 1 
,) sI!. .. . . .. . . . ... . . . .. . .. . . • • • • • • • 0 0 • •• 1 

(;y rosigll/fl flttell1wtwJ/ •••••••• 0 •• o. "0 o. 0 " 0 ••• 0 :2 

--= 1 
:2 

"p . I 
0 ••• . . . .. ................. . . . 

"11 a,stogloir! Nr(IWlii . .. •• 0 •••••• •• • •••••• 0 ... . . . 1 :2 1 1 I 

1 
elli}Jtira .. . ••• ••••• • ••• 0.0 •• .0 •• ••• . . 1 I 

,) [ ' . dr!ll~ei .... ••••• • ••••• 0 ••• 0 . .. · . 1 :2 I 1 I (ireL'illei • 0 •••••••• 0 •• ...... · . . . . . . . · . 1 1 
I 

1 
SII/itltii l'. all/}Jhiceplia/a •••• 0 •• •••• 0 • 0 •• •• • 0 I 1 I I I 

" 
» v. IfLc~!s l'l'is · .· .0 •• •• • • ••••• 

.lIelosira flrcllarin .. o ••• 0 ••••••• · . o ••••• • • 0 •• 0 • •• 0 . 0 · . :2 :2 :2 :2 :2 1 ;j 
» islfllldicrl .,ubspec. lIehelira • 0 •• • •• 0 •••• 0 ••••• :3 CI ii 4 ii ;J I ~) 

JIeridioH circulro'e !'. cOl/slr/eta . .. . . . 0.0 •• • •• • • • ••• •• o. 1 
1 

I 

j{ {( I/tzsch ia all/]JhioJ,ljs •• , O . 0 . .. 

I I· capitrrtn 1 :2 1 1 I • ••• o •••• • • ••••••• 

_\'al'icula alll jll! ibolc! ... . .. ...... ... ... . . .. . . . .. . ... .. . 
anglica r . . 'Hbsalsa .. . ........ . . 
bacillu!l! ........... . ... . •... . . .. . ... . . ...... 
elegans . ............. . . . ...... .. .. . .. . 
gastrum .. .. ............... . . . . . . . . . .. ... . . 
oblol1ga .......... .... . ... . .. . . .. ... . 
jlcregr il1(( . . ... . ...... . . ...... . . .. . . .... .. .. . 

,) v. kelvillgensis ..... . . .. ..... . 
}Jlfl cc lltula .. ... ........ . .... , ............ . . . 

t. jcnisseyensi, . . . ...... ........ . . 

:2 :2 .1 1 

I 

1 I 
I 1 I - 1 1 

,) I. roslrala ................ . .. . ... . 
}i/al!Jstoma .... . . . ... . . . ... . .. . . ....... .. .. . . ~I 

prolmeta ............ .. ... . . . . 
jlu}J!lln 1'. rertallgnlaris .... ... .. . . . ... . ... . .. . 
)Jmilln .. . . ... ..... . . ..... . .. .. . ... .. . . . . 
radiosa . . .... . .... .... ... . . . . .. ... ..... . . . . 
se!delloie/es ..... . . .. ... .. ... . . . . . . 

:2 :\ .1 1 :2 

-I -
1 

» t1lsc1l1n . ....... 0 •• o ••• • •• 0 •• o • ••• 0 • •• • 

i" eidi!l111 SI) .. I 



B.ll/J/IPpä: Po~t-GlaciHll'h allge~ of ~hore-Lille in ~o\lth Finlulld. H}t 

"lIod Bog 
- -- -

:128 1 32!l 330 13-311 :):li 310 320 321 1 322 32:3 :J~ '" :32;) :)26 ;\:n :3:3:) :l:H :{:~;) :):36 :\'1, 

3 , i) 

~ I 
~ ~ 

~ ~ :3 1 I 3 
-I _ I 

1 :2 ;l J 1 
:Z 1 ~ 1 
1 1 _I 1 
1 1 1 :2 
1 -l :2 ~ .) Cl 3 :'l :2 ·1 :Z :2 1 

1 1 

3 ;l ·1 3 ~ H .I. .-) .l 

;1 
:Z 3 1 1 Cl :2 

~ ~ 1 1 :2 1 
i l ~ I ii -l :3 -l .) -1 1 .) :2 :Z 3 ~ I :2 

1 -

1 1 
1 1 ~ :! 

.) . ) 3 .-) -l .l .) .) .) 
.) :'l .-) I 

~ 1 

I 
11 

1 I ~ I ~ I 1 :2 
.'j :) " ~ -l ~ H ;l ' ~ :2 -I .-) .-) ~) i) :2 i) . ) .j .) .) .) ,-) .j I . ) .'i ~) J 

I 
1 

11 
1 3 
-I 1 

-I 1 1 1 

1 
I 

1 

I 
1 I 



102 Bulletin oe la Commi8sion geologique de Finlan{]p ~:o 120. 

Siko' 

312 1313 :314 315 :316 1317 318 1 

I-I 1 -1-- -

1--:= 1 
21 

-1- -I 
2 -1 3 1 2 1 2 , .1 - 1-- -

=1 

Nitzschia angtlstnta v. awtll .. . . . . . . .... . .. . ....... . .. . 
circwl/suta ... . ... .. ..... . .. . ..... . ... . ... .. . 
nal"icularis ... . .......... . ............ .. . . . . 
obtusa ............. . ...... .. .. ... .. . . . ... .. . 
pwzctata .... . ..... . ...... . . . .. . .. . ..... ... . . 
scalaris . . .... . ....... . .. . . .. .. .......... . . . 
Sigllloidea . ....... . ............. . . .. ... .. .. . 
sp . .. .. . . .. . ....... .. ...... . .......... . ... . 
tryblionella ..... . ........ . . .. .... . . .. .... . . 

1' . victoriae .... . .. . .... . .. . ..... . I 
1 1 

I 
1 Opephora Martyi . . . ...... . . . .. .. .. . .... ... ..... .. . . . . 

Pinnularia S]Jp . . . .. .... . .. . ... . . .. . ... .. . .. .. ....... . 5 5 ,) 1 2 1 1\ 
1 

1 
1 =I-=! 1 

1 -1- 1 -I 11 -1 - _;_1 

~ I ~ :2 1 1 1 

-;; 12 :2 2 5 :2 

11 :2 
11-1 -

1 1 
1 1 11- -

1 1 1 1 1 1 

Rhopalodia gibbn . . . ........... . .. .... . ........ . .. . .. . 
,) IImsctdus . ....... . ....... . ......... . ..... . 

Rhoicosphenia curmla ........ .. . . ... . . .. . ..... . 

Stauroneis anceps f. g1'llcilis . . . . . . . . . . . . . . . . . . . . . . 1 
phoenicenteron ..... . ...... . . . ............ . . 3 
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period only begins above this. Below this sample, on the othel' hand , 
there is pollen assemblage dominated by Pimts, in which precious 
folilerous trees are vcry scarce, an association typical of the Ancylus 
pet'iod. On the basis of the diatoms, however, the limit between 
Littorina anel Ancylus can be placed with complete certainty between 
sampies 325 anel 326. In this horizon the pollen composition doe' 
not present such a great change in type as to enable us to draw the 
limit on the basis of it. A division into zones, based solelyon the 
pollen statistics, cannot be employed in this oase, as it woulel lead 
to an erroneous result regarding this important limit. 

The inapplicability of the pollen diagram referred to for exact 
dating is in this case, too, due to this being a case of aqueous 
sediment and of selective enrichment of pollen that occurred in the 
shore zone, in consequence of which the pollen assemblage dominatecl 
by Pinus. typical of the Ancylus period, continues exceptionally far 
into the Littorina period. I will return to this question in connection 
with the next bog. 
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Reitkalli Bog . 

The bog, a Sphagnum-Pinus »Highmoon), is situated about 1 km. 
N.E. of the Reitkalli railway halt (investigation area No. 44). Fig . 31, 
page 104, illustrates its stratigraphy. On the bottom of the bog there 
is clay, 3 m. in thickness , which is mixed with sand in its lo\\'er part. 
'Chis sediment contains few pollen grains and diatoms only in frag
ments. On the basis of the pollen the clay is for the greater part 
late-Glacial. Its upper part may possibly be Ancylus Lake sediment. 
The clay cannot, however , be divided into horizons corresponding 
to the development of the Baltic with much certainty. I have , indeed, 
marked limits of periods in the diagram, but they cannot be consi
dered exact , for the pollen content of this clay is fairly uniform from 
top to bottom, so that an exact chronological division cannot be 
made on the basis of it, especially as diatoms are lacking. 

Special attention is attracted by the comparatively large quantity 
-of Picea in the clay. This large quantity of Picea proves that this 
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is a case of a late-U 1acia1 pel'iod. Thi<l appear<l to be certain cOipe<:i
ally regarding the 10\\'er part of the clay depoi'iit. Picea, it i~ t rue. 
had at that time not yet grown in the sUlToundings of the bog ,,,hich 
were still undel' deep water. The Picea pollen l11ust in this case be 
regarded as having been carried from a distance from such late
Glacial forests as already certainly existed on the eastern border of 
Finland and in Russia (cf. E. Hyyppä 1933 and 1936) . . 

In the 3 metre horizon of the profile thc clay passes rapiclly ove!' 
into fine detritus ooze, the latter being a Littorina Sea sediment. 
This is proved both by the pollen of the deposit and the dia 
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tom (diatom table XI, Reitkalli bog). Sample 366 contains brackish
water speeies in small quantities, but already the next sample above, 
No. 365 shows that the salinity had inereased and that the surfaee 
of the sea had, possibly, risen. In tbe eurve for the ehanges of t he 
sea-level in the diagram t here is a distinet eulmination at t his point. 
after whieh the shore-line seems gradually to retreat past the site. 
Tbe separation from the sea, oeeurs, aecording to the pollen analysü;. 
at the end of the Littorina period. The beach was then abont 
15 lll . above sea-level, a level that eorresponds to the altitude of 
the pass-sill of the bog. L IV is situated in this period, so that at 
Reitkalli it is about 15 m. above sea-level 01' approximately at the 
same level as in the Pyhtää distriet. This is intelligible, beeause the 
maximum limit of the 1..ittorina Sea (L I) in both areas is also almost 
at the same level (26- 27 m. above sea-level), as I have shown above. 

In the contaet, at 3 metres , of the clay and detritus ooze in the 
profile there is an evident break in the sequenee of strata. This vie\\' 
is supported by the diatoms of the sediments referrecl to . The pass
sill of the Reitkalli bog is 10 m. 10\\'er than the threshold of the Siko
vuol'i bog. At the beginning of the Littorina pet·iod. therefore. thc 
Reitkalli bog was mueh m01'e freely eonneeted with the sea than the 
Sikovuori bog whieh was on1y slightly emboclied "'ith the "alt water 
at the time of the Littorina Sea maximum. Besides , the water aboye 
the Reitkalli bog at the beginning of the Littol'ina period was consi
del'ably deeper than in the area of the Sikovuori bog. It should con
sequently be expeeted that the 10wer part of the Littorina sediment 
in the Reitkalli bog \\'ould indieate, in its petrographieal composi
tion anel its diatoms, deeper and more saliferous water than .thc 1..it 
torina deposits of tbe Sikovuori bog. Hmyeyer. the Littorina se
diment of the Reitkalli bog rather indicates. both lithologieall)' and 
by its diatoms, shallower ,mter than the Littol'ina deposit of the 
Sikoyuol'i bog. It therefore . eems certain that , besides the sequence 
of tbe Ancylus regression period, the Reitkalli bog also lacks the beds 
corresponding to the beginning of the Littorina period (1.. I) ,,'hich 
appeal' in the SikoYllOri bog as an unusually thiek deposit. 

In conneetion with the stratigraphy of the Sikovuori bog it Il'as 
already eYident that the mutual C'onnection between the pollen clia
grams of t hese bogs dicl not provide quite a correct ehronological 
result . On the basis of the pollen the 3.3 111 .- 4.1 m. zone of the 
Reitkalli bog shoulcl cOITrespond to the ±.Ü m .- 5. ü m. zone of the 
SikonlOri bog. The pollen content of these zones is very similar in 
both eases. On the basis of the diatoms, however. we knoll' that these 
horizons are of different date. 
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The error is in this case partly due to the fact that the diagram 
of the Reitkalli bog, as we saw above, is not complete. The erroneous 
dating is, however, caused chiefly by there being exceptionally much 
Pinus in the Littorina sediment, 4.9 m.- 5.9 m. , of the Sikovuori 
bog, so that its pollen composition is misleadingly similar to that of 
the Ancylus period. In this case Pinus has been enriched dispropor
tionately in the shore sediment of the Littorina Sea. This is in
telligible, if we take the topographical conditions of the district into 
considerat.ion, for the shore of that time stood here on slopes of steep 
rocky hills, having a free exposition only to the south, towards the 
open sea. Such an exposed position of the shore-line is often fa
vourable to the accumulation of conifers in littoral sediments, es
pecially as the deciduous trees of the shore-zone are not able to gain 
so much habitat on rocky ground as to affect the composition of the 
pollen flora locally to any marked extent . 

It was only when the Sikovuori bog separated hom the sea that 
an actual shore stand containing plenty of Alnus was able to grow 
luxuriantly in the vicinity of the bog. At that time the shore-line 
had al 0 already retreated hom the slope of the rocks further towards 
the sea and dry ground better suited to the deciduous tree zone was 
provided. The depression of the Sikovuori bog was at that time 
also no longer so freely exposed towards the sea, which in turn 
contributed to the appearance of pollen flora corresponding to the 
loral conditions. 

RAISED SHORES IN THE HAMINA DISTRIOT. 

ß1y assistant, Mr. A. Valanne, established the following ancient 
beaches in this area: 

Munavuori Hill , at the N. end of the peninsula of Vilnieltl i (in-
vestigation area No. -15): 

s horo l'arnpart \\'. of ::\Iunavuol'i .... . .......... . 
foot of \\'ayc ·cut c liff " - . oi ::\IUllÜ\'llOl'i .. • . .. .. 

.> S.I\". 
S. 
X. 

shore bar X. 
foot of abl'a>;ion cliff X. 

S. 

17. Y m. abo, '<' "0fl·lcn·1 
23 . ß .) 

23.;' ., 
2~. 9 » 

26.; ., 
27.0 .) 
16. H ., 

22. 8 ., 
26.2 .) 
23.3 .) 
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Eastern shore of the point of Hietaniemi, N. of }JnnaYllOri: 

"ton., ' foot o[ \\'f\"C',cut ('Iiff 

"I'l.ncl~' 
"lon.\' 

X.~) ,} 
12.< 
J 3.:1 
16.1i " 

Kettuvnori Hili, <Lt the S. W. end of Vilniemi, investigation area 
No. 46: 
foot or abl'a~ion eliff H. 01' 1\: ('1 lU\'1I0i i 

Rakila hiJI , at the S.E. end of Yilniemi (investigation area No. 47): 

foot 01' " ' f\" ("Clll elift I ~. of Rakilll hili LI. H Ill. abo,'(' s('a,kvel 
17,u " 
:2:~. ;, 
:27.9 " 

Summa esJwJ' on Summa peninsula. \V. of Hamina (investiga
hon area N':o 48): 

abrAsion clift' Oll I~. "I ° [l(' of HlIrnlllu ('"kp], 1-l.1 lll. abo\ (' >;('a ,](' "('1 
L:2. ;, 
1:3. :\ 
['i. ~ " 
1:2. ;, 
L6. ~ 

The above shore-ünes are distinctly gJ'ouped at tbe following le
vels: 8,;) 111. , U.G- 13.Q 111., 16- L7 111 .. 23. :; m. , and 27 111. above 
:;ea-level. Of these the 23.;' 111. shore is yery well developed, \\'hile 
on the other hand the '2.7 m. beach is the mo;;t uncertaiu of all. It 
\\'as only indentified at two places anel is situated at the yery top 
of the elevation;; in question, It is therefore possible that it 
only represents s110als eapped \\'ith boulclel's jU>lt raised up to the 
surface of the sea, \\'ithout there being an:v question of a d~lay 
having occurred in the land upheaval. 

The date of these shore-lines in the Hamina area cannot be eleter
mined in this connection by means of the stratigra,ph)T of pe at bogs, 
as I have uo materials for this pm·pose. H. ho\\'eyer, \\'e tal-e into 
aceount the Littorina, limit of the pre\-ious a1'eas and the general 
rlireetion of the isobases, it SeeIl1S certain on the ba;;üs of these that 
the 23,5 111. level in tbe Hamina district is tbe Littorilla Sea maximum, 
This is also strongly supported by the fact that the ancient beaches 
representing this level are fairly pronounced like the corresponding 
shores in the previons investigation areas. 
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The other shore-lines determinerl. in the Hamina di ·trict belong 
either to the Littorina Sea period or to the perioa after it. I will 
return to the question of their date in connection with the relation 
diagram. 

THE STRATIGRAPHY OF THE PE AT BOGS IN THE 
SALPAUSSELKÄ AREA. 

This area extends along the first Salpausselkä ridge from the 
Viittamäki railway halt in the \V. to Taavetti station in the east. 
In this area I investigated several bogs in order to ascertain the 
altitude of the pre-Littorina hore-levels. The stratigraphy of these 
bogs also throws additional light on the composition of late- : lacial 
pollen flora. 

H aukkas~w Bog. 

The bog , which is a large Eriophorum-Sphagnum »LowmooD>, is 
situated immediately to the S.W. of Utti station (investigation area 
No. 49). Fig. 32 , page 111, illustrates its stratigraphy. In this case the 
bottom strata of the bog interest us particularly. They are varved 
day, above \\"hich there is a little clay ooze and fine detritus ooze. 
This sequence of strata is devoid of pollen grains, but it contains 
diatol11s, on the basis of which I established it to be a Yoldia Sea 
sediment. I cannot, however, consider this dating absolutely certain , 
as we must exercise caution in dating our late-Glacial diatom-bearing 
deposits, for quite recently isolated clay occurrences have been dis 
covered in East Finland which are marine, but older than thc time 
succeeding the last Glacial period (G. Brander 1937 a and b. E. Hyyppä 
1937 cl. These clays contain marine diatoms, partly the same spe
eies as haye been found in late-GlaciaL Yoldia Sea sediments . Here 
the possibility must , of course. be taken into account that the late
Glacial saliferous diatoms may derive, at any rate partly. from these 
old marine deposits. 

The former distribution of these (interstadial 01' interglacial) 
clays has, however, not yet been more closely examined, so that 
for this reason, too, it is difficult to estimate their potential share in 
the diatom flora contained in the late-Glacial clays. The composi
tion of the dia tom flora . of course. provides a ba;;is in accounting 
for the origin in each individual case. In this case I am inclined to 
consider this diatom flora as primary . 

The diatom table XII, Haukkasuo bog 159 - 169. illu ·trates the small 
nnmber of species of diatoms determined in the aqueous deposits 
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T able XII. 

I 

Anal. K . Salminen 

Cal/lpylodisctts echeneis ......... .. .... . 
Cymatopleura elhptwrt . ... . '. ' ... : ..... . 

» » var. lnbermca ... . 
Cymbella prostratn ................... . 

» Sp . ........... . ......• . ..... 
Diploneis Smithii ... . .. . ....... . ..... . 
Epithend(t zebra t '. porcellus .......... . 
Ewwtia sp . ......................... . 
Fragilarict sp . ................ . ...... . 
Gyrosigllla aUelluatwn ............ . ... . 
Hantzschia alllphioxys .. . .. . .. .. .. .. .. . 

» ,) r. I/Iaior . ....... . 
Jr elosira islandica subspec. hel1:etica ... . 
:-,T at'icula placel/tula .. . ............... . 

» )J!lsilla . ............... . .... . 
:v itzschia naricltlrtris ... . ......... . ... . 

') ]JulIetala ................. . . . 
PinJwlaria sp. . . . .... . .......... . ... . 
Stau1'Oneis acut(t .................. . . 

,) obt!lsa ........ . ........... . . 
StephanodisC!/ s astraea ................ . 

}lalk}"'""0 Bog 
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of this bog. There are a few brackish-water species in the sediment 
in addition to fresh-water species almost from the bottom of the 
sequence of strata. Such a mixed flora is generally typical of the 
Yoldia Sea sediments that have so far been investigated in South 
Finland. The brackish-water species: Campylodiscus echeneis, Diploneis 
Smithii, Nitzschia navicularis and N. punctata, that appeal' in this 
sediment, too, belong to those very characteristic species that have 
hitherto been discovered in the Y oldia Sea deposits of South Finland. 
Up to the present it seems, on the basis of the material investigated, 
that these brackish-water species appeal' most abundantly in South 
Finland in the latter half of the late-GlaciaIIJeriod. uch an appearance 
during a particular period indicates that the dia tom flora referred 
to is primary and developed at the very time, when the salinity of 
the Yoldia Sea was most clearly feIt within the Baltic basin. 

The aqueous deposit of the Haukkasuo bog appears, for the rea
sons given above, to be a Yoldia Sea sediment, excepting the very 
lowest strata which may belong to the period of the Baltic lee Lake. 
The Y oldia Sea thus reached above the level of the pass-sill of the bog. 
The latter is in round figures 55 m. aboye ea-level. According to 
Sauramo (1934) Yoldia I is about 80 m. above sea-Ievel here. 

In Sauramo's relation diagram the Ancylus transgression maximum 
is about 55 m. above sea-leyel in this area. According to the pollen 
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Fig . 32 . Profil e of the l-Jaukkasuo 
bog. Analyst K. Salminen. 

Fig. 33. Profile of thp Suursuo bog, 
Viittamäki. Analyst H. La \"anni. 

Fig . 33. 

diagram the formation of peat began on Haukkasuo at the very 
beginning of the Ancylus period. According to this the local Ancylus 
maximum should be situated at any rate somewhat below the thresh
old of the bog 01' below the level of about 55 metres. Sauramo's 
relation diagram and the stratigraphy of Haukkasuo therefore are 
not in close agreement as l'egards the Ancylus maximum. This need 
not necessarily signify any essential contradiction, as a correlation 
l>ebl'een Sauramo's material and mine cannot be made with sufficient 
certainty, for Sauramo had no an cient beach representing the Ancylus 
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transgression maximum in the vieinity of t he bog at his disposal. 
nur any stratigraphical eviden ee for the determination of the loral 
Aneylus-limit. 

Suursuo Bog. 

The bog whieh is a domed »Highmoon) (Hochmoor) in type, is 
sit uated S . of Vüttamäki tation on t he southern slope of the first Sal
paus elkä ridge (investigation area No. 50). Fig. 33 , page 111 , illustrates 
its stratigraphy. At the bottom of the peat deposit there is a layel' 
of late-Glaeial varved clay, over 3 m. in thickness , in whieh there 
are only a few fresh-water diatoms and a litt le pollen. Nevertheless. 
it was possible to malw a quantitative pollen analysis of almost the 
whole layer . In order to obtain the neeessal'Y guantity of pollen a 
larger amount of material than usual had to be treated. The pollen 
flora of t he varved clay is of late-Glaeial type . It contains an ex
eeptional quantity of P icea as weIl as a s ligh t quantity of pollen 
grains deriving from mixed oak forests. The la l'ge amount of Picea 
does not in this ease signify that spruee forest-· gre\\· abundantly 
in the neighbourhood. During t he late-Glacial period the district 
was still almost entirely submerged, so that the pollen of this ela,v 
was mainly earried from a distanee. In thi ' case, however, these 
pollen contents refleet, at any rate roughly, t he eomposition of the 
late-Glaeial forests situated far from this area, a lthough the Picea pol
len seems to be enriehed disproportionately in this sediment. 

This varved elay is evidentl,v mostly a Baltie l ee Lake deposit. 
The different levels of the Baltie lee Lake exeeed the aJtitude of 
this bog eonsiderably (M. Sauramo 1 \)34, 1937). The highest sho1'e
line of thc Yoldia Sea, aeeording to Sauramo·s relation diagram 
(M. Sauramo 1934). i about 80 m. above sea-Ieyel in this area, as 
in the previous one. The pass-sill of the Viittamäki bog is approxi
mately 68 m. above sea-Ievel. According to t his the Yoldia Sea 
maximum extended appreciably aboye the level of t he bog, so t hat 
there might a lso be sediment of the initial phase of the Y oldia Sea 
in t he sequence of strata in the bog. The late-Glacial sediment at 
t he bottom of the bog does not. however, cOlltain a single salt-water 
diatom anel. is in general a lm ost deyoid of cliatoms. Nor does the 
pollen flora of the deposit enable us to determine a precise date. In 
regard to the level of the Y oldia Sea the Yiittamäki bog pro vi des no 
evidence. It seems probable t hat there are no Y oldia Sea deposits 
at all in this succession of strata. 
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Fig. 34. Profile' of thE' ~Iustalampi 
bog. Analyst S. ItkOllP I1. 

Fig. 35. Pl'ofilr of the Likolampi 
bog. Analy~t ]VI:. Sa,lmi . 

lt is quite certain that Ancylus Lake sediments are lacking in 
t his profile. The late-Glacial sediment is overlaid by the deposit 
,of the Littorina period, which is represented by the clay and the 
coarse detritus ooze deposited in a local smalllake. In this sediment 
there is typical sm all-lake diatom f lora . 

M ustalampi Bog. 

The bog is a S1Jhagnum-Oalluna »Highmoon> in type and is si
t uated due N.E. of the previous bog, on the northern side of the first 

.:l!108,- 3i 15 
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Table XIII. 

)Iusta-

Anal. K. Salmineu 95 1 96 1 9i 1 98 I 99 1100 

Achnanthes exigua . . ........... . ... . ..... .. .... . .. . .... . 
Amphora ovalis v. libyca .. . ........ . . . ... . .... ... .. ... .. . 1 

1 

Anomoeoneis tollis ............. . ...... . . . . . . . . .. .. .. .... . 3 4 552 

Caloneis silicula .. : ....... . ... . . . .. . .... . ...... . .. .... . . . 1 1 
Campylodtscus nonCtlS .... . ..... .. . . .... . . . ...... . . . . ... . -
Cocconeis 1Jlacentula wr. euglypla ....... . ... . . . .. ... ... . . . 
Cyclotella antiqua . .. . ........... .. .. . . . ......... . ... . .. . . 

comta ........... . ..... . . . . . ... . ... .. .......... 1 1 
» » v. obligatis ............. . . . .. . . . . . .. . .... . 4 

Cymatopleura solea ........ . . . . . . . .. ....... . . ......... .. . 
Cymbella aspera . .. . ... . ... . ........ . ......... . ......... . 

cuspidala ....... . .. .. . . ... . ......... .... . . .... . 2 1 2 1 1 
Ehrenbergii .......... . . . ........... . ....... . ... 1 
nariculi/ormis . . . . . .. . . .. . ........ . ... . ......... 5 

1 l 
4 4 2 2 

S7). . . . . . . . . . . . . . . . • . . . . . . • . . • . • . . . • • . . . • . . . . • . . 5 2 3 2 2 3 
tUlllidn . ..... . . . . . ...... . ............. . . . .... . . 
turgida .. . .. . . ................... .. . . . . . . . ... . . 1 1 

Diploneis elliptica .. . . . ...... . ..... . . . . . . . . . 
» finnica .... . ... . .. . . . ................... . ..... . 

Diatoma S)J. . .•..... . ... . .. . ••.... • ... . • . ...•....•.... . . 

Epithemia sorex ..... . . . . . ........ . .... . . . . . ............ . 
» zebra v. porcellus .................... . ......... 1-

Eucocconeis /lexella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 2 2 4 
» v. alpestris .... . . ... '. . . . . . . . . . . . . . . . . . . 2 5 1 2 1 

Eunotia sp. ................ . .. .. .. . ................ . . .. 5 3 3 3 2 2 

5 2 
3 1 

Fwgilaria sp. . . .. . . ....... . .. . . . .... ... . . .... . ........ . 
Frustulia S)J . . ... .. .. .... . ...... . .. .. . . ..• . .. .. •. . ..•... 

Gomphonema acuminatum constrictum . ...... . ... . .. . ...... . 
v. coron ata . . . . . . . . . . . . . . . . . . . . . . 3 1 

» sp . . . .................. . .. .. ..... . .. . ... . . . 1 1 
GyrosignU! acuminatwn . .. . . .. ... .. ... . ... . . . .. .. . . . .. . . . 1 

Il antzschia amphioxys . ... . ....... . ............... . .. .. . . . 

Melosim italica ........ . . . .... . ........ . . . . . .. . ...... . . . 5 
» » subspec. subarctica ......... ........ .... ...1 5 

Nal:icula nlllericaJla .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 1 
bacillull/ t·: Gregoryana . . . . ... ... .. . . .. ...... . . . . j 1 
cruCICttla 1. obtllsala ..... . ..... ... ......... . .. . . -
cuspidata . .... .. .. . . .. ... .... .... . .......... . . '1-
gastml/!...... .. ... . ... . .......... ... ..... . . . . . . 1 
pu}mla . . . .... . ... . ..... . ... . . . . . . . ........... . -

v. cnpitala .. . .. .. .. .. ............ . .. .. . . 
» l'. rectnngularis .. . ... .. . .... . . .. ....... . . 41 3 

radiosn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 
» tl/Bcula . . . ...... , . ...... , ... . . , . , ... , . , .. . .. , , . 

Neidium iridis , ... , . , . ... , , .. , , ... , . . . ' . . , , .. , ... , . , , . , , 1 4 
& f. ,'emalis ,.,' . . ..... " .. , ... . , ..... ' ..... 2 2 

sp. "." . . . ..... , ....... , . . ....... . ... , . . ... , . ' 5 3 
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Nitzschin angnstata .......... .. ........ . 
» 1·ar. acala 

denticala . 

Pinnular ilL S)J • . . . .. . 

Rlw)Jalodia gibba 
v. ventricosa .... . . . . . . . 

Stauroneis anceps t. gracilis . . .. . . ...... . 
phoenicenteron .. . .... ... . ... . 
Smithii .. . ..... . 

» sp . . ........... . .... . ... .. . 
8ynedra sp. . .............. .. .. . .. . . 

l'abellaria SjJ . .. . . 
Tetracyclus la cHstris 

v. elongata .... . . . 
r. rhombica . .. . 
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Salpausselkä ridge (investigation area No. 51). Fig. 34, page 113, 
iIlustrates the stratigraphy of the bog. In regard to la te-Glaeial 
shore-levels this bog leads to exaetly the same result as the previous 
one. I eonsider the varved clay at the bottom of the bog to be a 
Baltie lee Lake sediment. This view is supported by the fresh-water 
diatoms eontained in the upper part of the elay (diatom table XIII, 
Mustalampi bog 95- 121). The lower part of the varved elay is, 
however, almost devoid of diatoms like t he oldest deposits in South 
Finland of the Baltie lee Lake. 

In the upper, sandy part of the elay there is small-lake diatom 
flora whieh proves shallow water. Possibly the loeality may already 
have been isolated from the Baltie at that time. The pass-sill of the 
bog is in round figures 80 m . above sea-level. Sauramo's Yoldia I , 
as already stated, is at about the same altitude here . No signs of 
salt water are visible in the sequenee of the bog. It is therefore prob 
able that the Y oldia Sea did not reaeh above the threshold of the 
bog or above the 80 m . level here . 

The evidenee of the diatoms, however, is not quite unimpeaehable 
in this ease. As a rule braekish- and salt-water diatoms are very searee 
in Yoldia deposits in South Finland. Besides, even in the event of the 
Yoldia Sea having extended above the threshold of the bog, it must 
have appeared as quite a shallow littoral zone round the bog in whieh 
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the salinity was slight. In addition, the continental ice-sheet with 
its melting water was then still comparatively close to this site . The 
absence of salt-water diatoms in the late-Glacial aqueous sediment 
of the bog does not in this case preclude with absolute certainty the 
Yoldia Sea having reached above the pass-sill of the bog. 

In any case this bog, too, separated from the Baltic at the latest 
in the Y oldia period. There was a small lake in the depression of 
the bog up to the beginning of the Littorina period, when the 
formation of pe at first began. 

The pollen flora of this bog is largely of the same type as in the 
pl'evious case. It is worth noting the appearance of late-Glacial 
spruce and of mixed oak forests in a certain zone as in the previous 
bog. This pollen flora does not allow of a precise division into periods. 
Its late-Glaeial type, however, is elear. 

Likolampi Bog. 

The bog, a Calluna-Sphagnum »Highmoor», is situated about 
3 km. S.E. of Taavetti station (investigation area No. 52). Fig. 35 . 
page 113, illustrates the stratigraphy of the bog whieh is of exactly 
the same type as the two previous bogs. In this case, too, there is 
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a thick layer of late-Glacial clay at the bottom of the sequence which 
is unconformably overlaid by the post-Glacial sediment. The late
Glacial clay is devoid of diatoms with the exception of some fresh
water species that can be detected in the clay very sparsely. There 
is no sign of salt-water Yoldia Sea species which points to Yoldia 
Sea sediment being entirely lacking, too, in this succession of strata. 

The threshold of the bog is about 72 m. above sea-Ievel and Yoldia 
I is about 80 m. above sea-Ievel in the neighbourhood of the bog, 
for this plaee is on the same isobase in Sauramo's system as the pre
vious bogs in the alpausselkä area. Aeeording to Sauramo's system. 
therefore, the Yoldia Sea flooded the basin of the bog here , too, but 
there is no sign of this in the stratigraphy. The late-Glaeial elay of 
the profile, indeed, shows a pollen flora of a late-Glaeial type, but 
detailed dating eannot be done on the basis of it alone, espeeially 
as in this ease the pollen eomposition is also more 01' less of the same 
type throughout the whole layer of clay. This pollen assemblage, 
besides, wa deposited in water and derived horn distant fore ts, so 
that its use for preeise dating is all the more doubtful. 

In the eomposition of this late-Glaeial pollen flora it is worth 
noting the uninterrupted, though searee, appearanee of mixed oak 
forests , 4.8- 5.4 m. This is likewise striking in the two previous 
bogs, where in the late-Glacial sediment pollen grains of precious 
deeiduous trees appeal" also limited to a definite part of the profile. 
I have already dealt with the appearanee of this late-Glaeial mixed 
oak forest pollen flora in my previous papers (E. Hyyppä 1933, 1936) . 
In the diagram of the Kämärä bog (E. Hyyppä 1936) there is an 
unusual abunelanee of u eh pollen element, falling partly in the 
Baltie lee Lake anel partly in the Yolelia Sea period. In the Kämärä 
diagram I made a detailed age division whieh is based on the diatol1l . 
This division can, however, no longer be considered quite reliabJe 
in its details , for , as I mentioned, marine clay older than the late
Glacial period was discovered recently on the 1sth mus. It is there
fore possible that the Kämärä late-Glacial sediment is also contamin
ated with econdary diatoms from this ancient marine clay, 
although it seems certain that the c1iatoms of this bog are , 
nevertheless, principally primary. In any case, as already men
tioned, the data available of the Kämärä bog only aHow a rough 
dating on the basis of diatoms. The chronological position of the 
mixed oale forests in question is then also un 'ettled in its details. 
I will return to this question more thoroughly in .::mnection with 
the Kämärä bog. 
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VIROLAHTI, VIROJOKI. 

RAISED SHORES. 

In this area I determined the following ancient beaches: 

Pajulahti, SW. slope of the hill of 44.4 m. , investigation area N.o 53. 

Steep escarpment in rock, its foot 

Distinct ice.pushed rampart 
Small wave·cut cliff 
Boulder rampart 

Wave·cut cliff in rock 

SmaIl wave·cut cliff in rock 

7. 8 m. above sea·level 
15.0 » 

18.2 » 

19.0 » 

21. 0 » 

22.3 » 

22.6 » 

23.6 » 

24.3 » 

36. 3 » 

40. 2 » 

Hill of 44. 8 m., W. of the road to Kotola, investigation area No. 54. 

Foot of high shoro escarpm ent, according to levelling 
based on a fixed point of the topographical map 37.0 m. above sea·level 

N. of Koivuniemi vicarage, investigation area No. 55. 

li'oot of strong abrasion cliff on the \ V. odgo of tho 
road .... ........ . .......... . .............. 10.2 m. abovo soa· level 

W. of t he road ne ar the main road, investigation area No 56. 

Small abrasion cliff on l!:. odge of the bog, its foot 15.2 m. abo"p sca·lo, ·ol 
Largo wavo·cut cliff about 200 m. S. of tho main road, 

its foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20. 5 » 

These shore-lines are faiTly clear, though in some cases rat her 
rude, which is due to the locality in question having been open and 
exposed to strong wave-action which has caused rough forms in rocky 
ground. These beaches are grouped at the following levels: 8.7-
10. 2 m. , 15.0 m., 18.2- 19.0 m., 20.5- 22.6 m. , 24.3 m., 36- 37 m. 
and 40 .2 m . above sea-level. Below we will try to establish the age 
of the shore-lines by me ans of the stratigraphy of bogs. 

t;TRATIGHAPHY OF THE PEAT BOGt;. 

The 14.7 MetTe Bog. 

The bog is situated on the \V. of the highroad leading to the vil
lage of Virolahti, about 1 km. from the main road (investigation area 
No. 56). The bog is a level Sphagnum-ETiollhoTUm moor, the strati-
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graphy of which is illustrated in Fig. 36, page 121. On the bottom 
of the bog there is a thin Littorina Sea deposit. This sediment 
contains typical Clypeus flora , as the diatom table shows (diatom 
table XIV, Virojoki 107). The Littorina Sea therefore reached here 
above the level of the pass-sill of the bog. The threshold is 15 m. above 
sea-level. Of the ancient beaches identified here only the 7. 8 m. and 
10.2 m. shore-lines are obviously below the pass-sill of the bog. Judg
ing by the pollen diagram , the basin of the bog appears to have se
parated from the sea considerably before the end of the Littorina 
period. This result cannot, however, be considered absolutely 1'e
liable, as it is possible that the bottom strata of the sequence 
already belong to a fairly late Littorina pm'iod. This is indicated by 
the large quantity of Picea in the basal strata of the bog, which 
is not typical of the beginning of the Littorina period. Nevertheless, 
it is possible that Picea and Pinu8 have been enrichedlargely in this 
case, as we have already established in the case of the littoral sedi
ments of several bogs. The difficulty of a more exact. dating of the 
diagram is increased by the fact that pre-Littorina sediments are 
entirely lacking in it. 

Although I do not see my way to make a detailed dating on the 
basis of the stratigraphy of this profile, it neve1'theless proves ,üth 
certainty that the Littorina maximum is clearly above the 15 metre 
level he1'e. It is equally certain that the 15 m. shore-line established 
here which appears on the edge of this bog, still belongs to the Litto
rina pm'iod. The changes of the shore-line in the Littorina period 
see m in other respects to have occurred in the same manner as in 
the former investigation areas. 

The 24.1 Metre Bog. 

The bog which is of the same type as the previous one, is situ
ated about 1 km. N. of the main road, .E. of the path to Suursuo 
(investigation area Nu. 57) . Fig. 37 , page 121 , illustrates its strati
graphy. The sequence of strata begins with detritus ooze which, on 
the basis of its pollen, is of the Littorina pm'iod. Diatom analyses 
of this sediment prove (diatom tableXIV, Virojoki 15 andl6) that it 
is a case of small-Iake flora , in which there is no sign of ma,rine in
fluence. The maximum limit of the Littorina Sea is therefore below 
the threshold of the bog at this place. The pass-sill of the bog is 
about 24 m. above sea-IeveL Of the ancient shores ascertained he1'e 
the 24.3 metre shore-line is thus already certainly above the Litto
rina maximum. The precise determination of the latter is rendered 
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Fig . 36. 

Fig . 37. 

Fig . 36. Profile oE the 14.7 metl'e 
bog. Analyst E. Hyyppä. 

Fig . 37. Profile of the 24.1 m etre 
bog . Analyst E. H yyppä . 

Fig. 38. Profil e oE the SUUl"SUO bog , 
Virolahti . Ana lyst E. Hyyppä. 
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difficult by the fact that theres are several r aised shores in the area that 
are not at exactly the same level, but evidently correspond approxim
ately to the local Littorina maximum. These beaches are on an 
average 20- 23 m. above sea-Ievel, as seen from the list of shore
lines. On the basis of the morphology and occurence of these shores 
it seems that the 20 m . shore-line represents a definite phase 
of its own in the retreat of the shore-line and that the beach 
representing the maximum limit of the Littorina Sea is 22- 23 m. 
above sea-level. 

390 8,- 3 7 16 
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Thus Virojoki has in the maximum zone of the Littorina Sea 
at any rate two separate shore-levels with a small difference in alti
tude between them. The date of these shore-lines cannot be fixed 
precisely morphologically, but it is probable t hat the 22- 23 m . level 
represents L I and the 20 m . level L H . On the basis of the strati
graphy of the 14.7 m . bog it seems certain in any case that L I is 
higher here than L H. 

The Littorina maximum at Virojoki is appreciably lower than in 
the previous areas investigated with the exception of the H a mina 
district. The difference in level between L I and L H is thus already 
fairly small here, as these shore-levels approach each other as they 
reach lower isobases. In the Helsinki district, too, the differen ce 
in level between these shore-surfaces is only 5.5 m. It is therefore 
intelligible that at Virojoki, where the Littorina maximum is also 
already at least 7 m. lower than at Helsinki , these beaches are al
ready close to their point of intersection. 

Suursuo Bog. 

In this area I investigated a third bog (Suursuo) , situated about 
2 km. N.W. of the previous one (investigation area No. 58). In type 
it is a Sphagnum-Pinus »Highmoon). Fig. 38, page 121, illustrates 
the stratigraphy of the Suursuo bog. The sequence of strata of t he 
bog is over 7 m. in t hickness, so that its bottom was not reached 
owing to the sh ortness of the borer. Nevertheless, the profile, even 
though incomplete, is very important as regards t he displacement 
of shore-line during the Ancylus and Yoldia periods. 

In the lower part of the profile t here is clay ooze which, on the 
basis of its diatoms, belong ' to the Yoldia pet'iod. SampIes 94 and 
95 contain the following brackish-water specie in addition to fresh
water species: Diploneis interrupta, D. Smithii, Grammatophora 
oceanica, Nitzschia navicularis, N. ]Junctata and N. tryblionella 
v. victoriae (diatom table X IV, Virojoki 89- 96) . With the ex
ception of Campylodiscus ecl~eneis the same brackish-water species 
appeal' here as in the Y oldia sediment of Hau kkasuo al ready dealt 
with . Besides there are some species that are lacking in the f lora of 
Haukkasuo that is also 'poorer in other respects . In any case it 
should be noted that the Yoldia of both these bogs is clearly of 
t he same type particularly as regards the brackish-water species. 
The diatom flora of both is , besides, a typica l mixed one, in which 
fresh-water species are in the majority. 
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The brackish-water species disappear in sampie 93 and at the same 
time the surface of the water sinks. This change in the conditions 
marks the beginning of the Ancylus Lake, when, judging by the dia
toms, a regression appears to have occurred: sampies 92, 93. In the 
quality of the sediment itself a corresponding change also occurs. 
Sampie 92 is fine detritus ooze which evidently was Iaid down in 
shallower water than the sediment below and above it. It is probable 
that the basin of the bog had then been separated from the Baltic, 
but was again em bodied with it at the time of the Ancylus transgression 
maximum: sampies 91 and 96. After this comes a non-fossiliferous 
zone which may belong principally to the Ancylus regression period, 
as the sediment passes over already 10 cm. above sampie 96 into fine 
detritus ooze, which proves the water-Ievel to have fallen. The forma
tion of pe at begins already early in the Ancylus period, so that the 
ba in of the bog was onIy in connection with the Ancylus Lake during 
the peak of its transgression . 

The pass-sill of the bog is 35 m. above sea-Ievel. In this area 
there is a distinct r aised shore W'hich is 36- 37 m. above sea-Ievel. By 
its altitude this beach seems to represent the Ancylus transgression 
maximum. According to t he stratigraphy of Suursuo and the ab
solute height of the threshold the Ancylus transgression peak 
actually exceeded here the 35 m. level, so that this shore should 
be considered the maximum limit of the Ancylus transgression. 
This seems to be all the more certain, seeing that the stratigraphy 
of Suursuo proves that the Ancylus transgression was only feIt for a 
comparatively short time inside its basin and th e water was only 
shallow there. 

During the Yoldia period the shore-line stood considerablyabove 
the level of t he bog. In t his profile, however, we are not able to 
examine this period in detail, as only t he final phase of the Y oldia 
Sea is represented in the succession of strata. e lose to Suursuo I 
measured a sligh t wave-cut notch which is 42 m. above sea-Ievel 
and a shore rampart built up of cobblestones the highest point of 
which is 44.6 m. a bove sea-Ievel. These may be Yolclia Sea beaches 
like the 40 m. shore-line that I etablished at Pajulahti. I should like 
to remark in this connection t hat, when I spea k of the Yoldia period. 
I refer under this name to the whole period that includes Sauramo's 
Yoldia, Rho and Rha phases. 

BefOl'e passing on to discuss the next investigation area it is best 
to recall so me important results referring to the changes of t he shore
line in the Littorina Sea peI'iod. By means of the elevated shores and 
t he stratigraphy of bogs we have been able to determine the maximum 
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Table XIV. 

Anal. K. Salminen. 

l lehn(mthes brevipes v. intermedill .... . . . 
"lmphora ovalis ... ..... . . .. . ..... . ... . 

v. ef/usa ...... . ..... . . 
v. libyea ...... . ... . . . . . 

), v. pediculus ... . ... . .. . 
cOIll>l/utata . . . . .............. . 

), Hlexicana v. major .. ....... . . . 
Anomoeoneis serians .. . ... ... .. .. .. .. . 

sphaerophom ............ . 
I'. Uüntherii .. . 
P. seulplib .... . 

Caloneis latiu eula ...... . ... . .. . ... .. . 
Sehumanniana v. bieonstrieta .. 
silieula .. . ................ . . . 

), » v. truncatula ......... . 
Campylodiselts clyp us ...... . ...... ... . 

eelzeneis .... .. . . .. . .... . 
norieus v. hibemiea .. .. . 

» ) •..•••• • ••••.••• 

Coceoneis diseulus ........ . ........ .. . . 
pedicltlus .. . ..... . . . . .... . . . 
placentula .............. .. . . . 

), » v. lineatct ......... . 
Cyc/ote71a eO>l//(t . . ......... . ........ . . . 

» Jleneghinicma . .... . ........ . 
Cymalopleura lJrunii ...... . ... . ...... . 

elliptica ..... . . . ........ . 
v. eonstrieta ..... . 

» v. hibemica . .. .. . 
Cymbel/a aspera . . ....... . . . . ........ . 

cistllia ........... .. .. .. ... . . 
cltspidata .. . .. ... . . ...... . .. . 
Ehrenbergii ........... .... .. . 
lanceolata . . ... . ... . ...... . . . 
pro trata .. .. ... . .... .. . . . .. . 
spp . .. . .. .. .......... . ..... . 
ventricosa .. . ... ... . ..... . .. . 

Diplonei didyma ... .. . . .. .. ... . .... . . 
domblittensis .. . .. . . . .... . .. . 

» V. sllbconstrieta .. . 
elliptica v. ladogensis ........ . 
inclIrv(lla ... .. . ...... ..... . . 
interrll)Jta .. . ...... . .. . . .. . . . 
oL'alis ..... ... . . . . ....... .. . 
Smithii .. . ...... ... ...... .. . 

Epithemia argu ........ . . . .......... . 
» v. longicornis ......... . 

llyndmanni .... .. ....... . . . 
Jluelleri . . .. .. .. . . . . ...... . 
sorex 

l'. gracilis .. ...... .. . . 
r. saxo nica ....... . . . . 
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Epiihelllia turgida .. .. .. . ..... . . . .. .. . 

,) 

Eunotia 

v. granulata ... .... . . 
» v. Westermanni .... . . 

zebra .. ........ .. ........ . . 
v. porcellus .. .. .. ..... . 

spp . .. . . . .. . ..... . ....... ... . 

Fragilarin spp. 

Grammatophora oceanicc! .. .. .... . ... .. . 
Gyrosigma acwninatwn .. . ... . .. . ... . . . 

attenuatuHl . .. . ...... . . . . .. . 

Jiantzschia amphioxys t. cc!pitata .... . . . 
v. vivax .. ..... .. . 

M astogloia elliptica .. . .. ... . .. ...... . . 
,) Orevillei . .. .. . .. .... . ..... . 

Smithii 1". WnlJhicephala . . .. . 
» lacustris . .. . ....... . .... .. . 

Melosü'a arenaria . .. . . . ..... . .. . . . . . . . 
granulata .... . .......... . . . . . 
islandica subsp. helvetica . . .. . . 
itcdica ... ......... . ......... . 
1V estii t . parva (B1·.) . . . . . .. . 

N aviculn cuspidatc! ... . .... . . .. . . ... .. . 
lacustris .... . .... . ...... . ... . 
peregrina ... . ... .......... .. . 
placentula .. . .... . ... . ...... . 

t. ienisseyensis .... . . 
f. latiusculn . ... . .. . 

,) f. 1'ostmta . . .. . . . . . . 
radiosa ... .. .... . ..... . ..... . 
scutitonnis . . .. ... . .. . . . .. .. . 
selllen .. .. . ................. . 

» t!lscula .... .. .. . ............ . 
Neidium spp . . ... . .......... . . . . .. .. . 
Nitzschia denticula .. . . . .... . .... . . . .. . 

navicularis ....... . . .. . .. ... . 
punetata ... . ..... . ......... . 
scalnris ........ . . .. .. . . . . .. . 
spectabilis '" ........ . ...... . 
tryblionella var. vietoriae .. . .. . 

Opephora Martyi . . ... . ...... . ....... . 

Pinnularia microstc!uron f. B1·ebissonii . . . 
spp . .. . ... . .. . .... . ... . . . . 

Stauroneis lJhoenicenteron .. . ......... . . 
Surirella linearis v. helv. . ......... . .. . 

spimlis ............. . .. . ... . 
» striatula .. . .. ... .. .......... . 

Synedra sp . . . ....... . .. . ... . ... . .... . 
alfinis .... ... .. . . . .. . . ... .. . 

Rho]Jaloclia gibba . ........... . .. . . ... . 
» v. ventricosa . . . . . . ... . 

j)!1(sculus ........... .. .. .. . 

'l'abellaria spp. . .. . .. . ....... ... ..... . 
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limit of the Littorina Sea with fair certainty in alt the investigation 
areas discussed so far. According to the stratigraphical evidence it 
seems certain, that, when the highest Littorina limit (L I) was formed, 
no considerable advance of the sea towards the land occurred in 
these areas any more than du ring the later delays of the Littorina 
Sea shore-line. The displacement of the shore-line in the Littorina period 
therefore occurred in alt these areas in the same manner, and the 
maximum limit of the Littorina Sea is synchronous throughout the 
whole area 01' from Helsinki to Virojoki. It also seems certain that 
the Ancylus regression limit is, at any rate roughly , the same as L I , the 
latter thus also representing the so-called Clypeus limit (cf. W. Ram
say 1926). At Virojoki L II seems already to approach fairly close 
to L I, so that the point of intersection of these two shore-levels 
may be situated on a slightly lower isobase than that of Virojoki. 
In the next investigation al'ea, Säkkijärvi, wh ich is on a still 
10wer iso base than Virojoki, it is to be expected that these shore
levels will intersect each other. 

SÄKKIJ ÄRVl. 

At Säkkijärvi I had already made investigation previously into 
the displacement of the shore-line (E. Hyyppä 1932). According 
to these studies the highest limit of the Littorina Sea in this area is 
19.5-20 m. above sea-Ievel and the maximum limit of the Ancylus 
transgres ,ion 33.5- 34 m. above sea-Ievel. I do not require to make 
any essential modifications in these results in the present investi
gation . Instead there is reason to establish the age of the lüghest 
Littorina Sea beach and the shifts of the shore at that time 
precisely by means ()f the stratigraphy of the peat bogs . 

THE STRATIGRAPHY OF THE PEAT BOGS. 

Suursuo Bog. 

The peat bog, which is a level E1'iophorum-Sphagnum »Lowmoor» 
in type, is situated about 1 km. E. of Säkkijärvi church (investiga
tion area No. 59). Fig. 39, page 130, illustrates the stratigraphy of the 
bog. The borer did not re ach the bottom of the succession of layers , 
though it reached the Ancylus , Lake deposit which is represented 
by the clay ooze at the bottom of the profile. The clay ooze contains 
a large-Iake diatom flora typical of the Ancylus Lake, as the diatom 
table shows (diatom table XV, Suursuo bog 148- 167) . In the 
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Table XV. 

Säkkijärvi, Sunrsuo Bog 

Anal. K. Salminen . 11481149115°1151 11521153 \154 11551156 ' 1571158115911601161 1162116311641 165 1661167 

Achnanthes calca?' .. .. ....... = = - 1 = = =1 = = =1 = = =1 =' =1 = 11 - 2 11 --=- - 1 Clevei ... .... . . . . 
,) v. 1"Ostmta . . - - - - - - - - - - - - - - 1 - 1 - - -

flexella .. ........ 1 - - - - - - - - - - - - - - - 1 - - - -
lanceolata v. elliptica - - 1 - - - - - - - - 1 - - 1 - 1 2 1 3 

» v. rostmta 1 - - - - - - - - - - - - - - 1 - - - - -
,) Östrupii .... . .... - - - - - - - - - - - - - -1- --- 1 1 

Amphom a?'enicola v. major .. 2 - - - - -1- ~ ------------
commutata. . . . . . . . . . 1 11 - - - - - - - - - - - - - - - - - -
ovalis ............. - - - - 1 - -1- - - 1 - - 2 1 1 1 1 - 1 

v. hoyca . . . . . . 1 1 - 2 2 1 - 1 1 - 1 2 1 1 2 1 1 1 1 1 
» ') v. pediculus .. . - - - - - - - - - - - - - - 3 1 2 2/ 1 1 

Anomoeoneis sphaß'rophom . . .. - 1 - - - - - - - - 1 - - - - - - - - -
v. poly-

t:;:i~~ ~ i = = = = = = = = = = = =1 = = = = = 1 
Caloneis latiuscula....... . ... - - - - -1- - - - - - - -1--- 1 - -

,) silicula . . . . . . . . . . . . . - - - - - 1 -1- - - - - - 1 1 - - - -
Cwnpylodiscus clypeus ... .. .. 5 2 1 - - 1 - - - - - - -/- - - - Ir. - 1 

,) ~:~~~~~s ::: :::: --=- = = = = = =1= = = =1== = = = 1 = 11 
,) » v. hibemica - 1 - - - - - - - - - - - 1 1 1 - - 1 -

Cocconeis diminutn ..... . .... - - - - - - - - - - 1 - - - 1 - 1 2 5 2 
,) disculus . . . . . . . . . .. - - - - - - - - - - - - - - - - - - 1 1 
,) pediculus .......... 1- - - - - - - - - - - - - - 2 1 1 1 - -I 
,) placelltula. . . . . . . . . 2 - 1 2 2 2 2 2 1 3 2 2 2 2 1 4 3 2 1 11 
,) » var. euglypta - - - - 1- - - - - - - - - - - 1 - - - -

Cyclotella comta ...... . . . .... - - 1 -I', - 1 - - 1 - /- - - - 1 1 1 1 , 1 -
,) Kützingiana. . . . . .. - - - - - - - - - 1 - - - - - 1 11 11 - -
,) stelligera '. . . . . . . . . . . - - - -1 - -1- ---------1 1 -I - -

Cymatopleura ~~l:;t~~: ::::: : : = = = = = = = = = =I--=- =- = --=- = = = il--=- = 
,) spp. . . . .. . ..... - - - - - - - -1- ----- 1 - - - - -

Cymbella as,pe1:a ... . . . . . . . . . . - 1 - - - - - - - - - - - 1 1 - - 1 - -
eusptdata ... ...... . - - 1 -, 1 1 - - 1 - 1 - - 1 - - - - - -
Ehrenbergii . . . . . . . . . - 1 - 1 1 -1- -1- - 1 1 1 - - - - -
lanceolat(! . ... . ..... - - - - - - - - - - - 1 - 1 1 - - 1 - -
pTOstata . . . . .. . . . . . . - - - - - ' -1- - - - - - 1 - 11- -1 1 - -
spp . .. . .. ... .. ... " - 1 - I / I 2 - - 1 1 1 1 1 1 1 2 3 3 1 1 
tumida .. ..... . . ... - - - - - -1- 1 - - - - - - - - - 1 - -

Diploneis domblittensis .. .. . .. - 1 - - - - - - - - - - 1 1 1 1 1 1 2 2 3 
» v. subconstricta - - - - - - _- -_ -_ -__ - -_ -_ -_ _ 11_- _-1_1 _1 _

t!:nnica . . . . . . . . . . . . - - - - 1 1 
marginestriata . . . . . . - - - - - - - - - - - - - - 1 - 1 - - -
Maule1'i ...... . .. . . - - - - - - - - 1 - - - - - 1 1 1 2 4 3 
ovalis . . ........... - - - - i - -[ - - - - - - 1 1 1 1 1 1 
Smithii ... .. .. . . .. 1 1 1 - - -, - - - - - - - - - - - - - -
elliptica . ..... ..... - - - -1- -1- - - - - - - - - - - 1 1 -

Epithemia W'gus . .. ...... . . . . 
Hyndmanni ...... . 
intermedia ....... . 
Muelleri . ... .. . .. . 
sorex '" ... . .. . .. . 
turgida ...... . ... . 

- 1 - -: - - - - - - - - 1 - 1 1 1 1 1 -
- - - - - - -, 1 - - - - - 2 1 1 - 1 1 1 - - - -1- - -1- - - - - - 1 - _ 1- - 1 -

--=- i ==1= 11=1=1===11= 111211 121= 11 - 1 -- 1 - - 11 - 1121 - 1 --
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Säkkijärvi, Ruunmo ]3og 

1481149 150 151 152: 153 1154 : 155 1;;6 , 1571 158: 15911601161 1621163 ' 1641165 166 : 167 

Epithemiaturgida1:. \Vestennanni I 1 1 - 1 J - - - 1 - 2 - 1 111 31 1 2 1 -
,) zebra. . . . . . . . . . . . . . 1 1 1 1 - - - - - -, 1 - 1 1 1 2 2 ;2 1 1 1 
» ,) v. poreellus . .. ,- 5 - 3 3 3 2 1 1 1 1 1 :2 2 1 2 1 2 - -

Eunotict spp. .. . ... . ... . . . .. [- - 1 ..! ..! 5 5 5 5 3 1 1 - - 1 - 1 - 1 

Frag/lana spp. ........ . .... 2 5 5 ~I 51 ~ ~ 51 5 ~ ~ ~ ~ 0: ~ ~ ;2 ~I ~ ~ 
Frustulia sp. . .. . .. .. .. . 

- - - -1- 1 _1_ - _, - 1 - - - - 1

1 

__ •. _ 
Gomphonell/ct aeuminatum v. eo-

ronatCt ...... . 
.) augur v. Gautieri 
" constnctwl! .... . 
» spp . . ...... . .. . 

Uyrosigma acwninat/w, . . . ... . 
» attenuatU11! . .. .. .. . 

IIantzsehia spp. . .... . ... . .. . 

Mastogloia Grevillei ......... . 
» Smithii v. laeustris 

]1 elo im arenarict ..... . ... . . 
') granulata .......... . 
» islandiect sub pee. hel-

vetiea . ... . .. . ..... . 
italica ....... . .... . 

,) l·. l'lllida ... . . 

Kaviculrt wnerieana ......... . 
') bacilluIn . . . ... .. . . . 
» eoeeoneitonnis . . . .. . 
,) cuspidata . .... . . .. . 
') gastruIn .. . ....... . . 
,) graeiloides . . . ..... . 
" J entzsehii . ... . .. . . . 
» libellus . ........ . . . 
» mutiert v. Colwii . .. . 
" peregrinrt . .... .. .. . 
» placentu ta ......... . 
» » t. l{(tiuseul(t 
,) » t. rast ratet 
" pseudoeutitonnis . . . . 
.) pu}Juln .... . ... .. . . 
» ,) v. rectangularis 
» protracta . . . . ..... . . 
» radiosa . .... . ..... . 
» Reinhardtii ........ . 
» scutelloides . . . ..... . 
» tuscula . . .......... . 

N eiclium spp. . ... . . . . .... . . . 
1 Nitzsehia sealaris .. . ....... . . 

Opephora Martyi .... .. .... . . 

Pinnularia spp. . .... . ..... . . 

Rhoicosphenia eurvata ....... . 
Rhopaloclia gibba ........ . .. . 

» » v. t'entricosa . 
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1 ;-;ükkijärd, :-)UUl'SLLG Bog 
I ______ ~-,-.-----------,~-----------, 
1148 149,150 1151 1152 11,;:3 154 15.; ,156 157 1t 5S: 159 160 L 61 162 16:3 !1 04 165 1661167 

1 1 1 I 
S/ll1l1'ollei" (leu/n ......... .... - - -\ -I I -1- - 1 - - I 1 1 - [-'-1-

" nlobu,}//(/,e v. al1gulata 1- -- - - - -- - - 1, - - - - - -1 - -
) )JllOenicenteron . . . . . -- 11 1 1 1 11 1 1 1 - 2 1 - - 1- - -I 
" Smithii .. . . . . . . . . . - - - -I 1 - 1 1 1 1 1 - 1 - - _I - -

'~'tepi;llIwdi;d:;s ;1~t'r~t~;I' : : : : : :: 1= -= 1 1
- 1- 11 1 1 i ~ -= 11 i ~.) 21 ~ ~ 1 = 

SUl'ire/ll[ ,eleyulls . . . . . . . . . • • . . - - -\- - -[ - - - - 1 - 1 \-1-1--
I ') stl'1r/tul(l . .... ... . . . 1 1 - - I 1 - -1- -- - - - - - - - - -[ 

SYlledr(t -'p. . . . . . . . .. . . . ... . . . -11-11 ~ -311 3'11 1 - =1-1 - -11 1 ~ I 311 :i
l
-
1 

- 1 
Tabellaritl s)lp . ... .. , .. ' . . . .. - - c. :2 :2 1 1 2 _ v 

Tetmrycl/l g I(/n l stri~ .... .. ... - -I I1 1 1 1 :2 1 1 - - - - - -I - -

Ancylus flora there are several salt-water species that carne as 
irnpnrities horn the Littorina edirnents above. 

The limit drawn in the diagrarn between Ancylus and Littorina 
is based in this instan ce solelyon the eviden ce of the pollen, 
so that it cannot be considered quite exact. At the beginning oi t he 
Littorina period (L I) the Suursuo basin was isolatea and be ca me an 
independent small lake. This is proved by the dying out oi t he 
Ancylus diatoms ami the growth of new flora. Such typical Ancylus 
species as D i]Jloneis domblitlensis. D . Mauleri. Cymbellct ]JToslrala 
disappear entirely and their place is taken by many small-water 
species of the genera Eunotia , .Fragilaria and l 'abellm·ia. The water
level was therefore below the threshold of the bog here in the initia l 
phase of L 1. The pass-sill of the bog is about 18- 19 m. a bove sea
level, so that the level of the sea at Säkkijärvi cluring the L I period 
lay , at any rate in its initial stage . belO\,' the level of about 19 m. 

In the fine detritus ooze of Suursuo. however , we begin to observe 
marine features already in sam pIe 153, in wh ich there is a little Carn
pylodiscus clypeus and Nitzschia scalaris. These might still be im
}Jurities coming from above. as abundant Campylodiscus clypeus -
;.Vitzschia scalaris flora only begins in sampIe 150, inwhich these spe
eies occur vel'Y abundantly , as well as other brackish-water di.ato ms 
that are typical of the Littorina. On the basis of these it seems certain 
that in a cer tain phase posterior to L I the Littorina Sea rose a bove 
the level of the threshold of the bog oe above ID m. The level of the 
sea, however, did not extend much above the pass-si ll of the basin 
of the bog, as according to the dib. _oms the connection with the sea 
was very slight. The local Littorina maximu m lies therefore a little 
Jügher than 19 m. above sea-level on the basis of the stratigraphy of 

:1908,- 37 17 
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the bog, which is fully in accQl'd with my previous result, for the 
shores corresponding to the Littorina maximum are 19.5- 20 Ill. 

above sea-level here. 
Judging by the pollen diagram of Suursuo bog this Littorina 

transgression maximum ",ould seem to he situated in time at 
the end of the Littorina periocl 
01' at the time, to ,düch L I" 
is referred. This result provided 
by the pollen cliagram cannot. 
howeyer, be considered correcL 
Either there must be a gap in 
the profile or there is the same 
source of errot" here that led to 
entirely erroneous results regard
ing the date of the Littorina 
transgression peak, ,,·hen based 
solelyon the pollen analysis. in 
the case of some of the other 
peat hogs in the Helsinlü clisb'ict 
(e. g. Pottmossen, page 38). To 
explain this source of error I 
refer to ",hat I have ,nittel1 
about thi question in connection 
with the Helsinlü peat bogs. 

Fig. 39. Profile of the Suursuo bog, Although the pollen cliagram of 
SäkkijälTi. Analyst K. Salminen . Suursuo is llnsuitable for an exact 

dating \ it nevertheless proves quite certainly that the Littorina 
transgression maximum is clearly la tel' hefe than in the preceding 
investigation areas , for the Campylodiscus clypeus - Nitzschia sco 
laris flora in the sequence of Suursuo is in no case situatecl in time
in the beginning of the Littorina period 01' in the L I pet'iod. Then . 
of course, according to the chronological 'uccession the follo"'ing 
01' L Ir period should be considered. The pollen diagram is, indeed. 
insufficient to prove that it is precisely the L Ir period that is in 
question, but this suggestion is turned into certainty b.v the
evidence of the Stone Age finds made at Säkkijärvi. 

According to A. Äyräpää (l923, 1ü26, and verbal statement) the 
10"'er limit of the earlier style of the typical com b-ceramic culture
at the Meijermäki dwelling places in Säkkijärvi (church village) i ' 

1) The upper part of the diag ram has been "hon('ned fo r want of s pac(' . 
as this does not upse t the dating. 
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18.36 m. above sea-level. The lower limit of the later style of the same 
type of culture is 17.35-17 m. above sea-level at Suurpäälä (about 
4 km. S. of church village). Äyräpää identified the foot of a wave-cut 
cliff on the same site that is 17 m. above sea-level and thus corres
ponds to the culture referred to. No dwelling places whatever re
presenting the early comb-ceramic culture have been discovered at 
Säkkijärvi, although according to Äyräpää the Meijermäki dwelling 
place also contains implements approaching this type of culture. 
It is evident, however, that the level corresponding to the earlier 
style of the early comb-ceramic culture (I: l) is slightly higher than 
the later Meijermäki dwelling plaoe, the latter being 18.36 m. above 
sea-level. We can assurne with good reason that the initial stage of 
the early comb-ceramic culture (I: 1) is situated here about 20 m. 
above sea-level 01' at the level of the looal Littorina maximum -
in no oase below it. 

According to the results I obtained in the Helsinki district the 
early comb-ceramic culture is situated on the beach of the L II 
period, to whioh it also corresponds chronologioally. On an archae
ological basis, too, we therefore arrive at the result that the maximum 
limit of the Littorina Sea at Säkkijärvi is L II. To supplement this 
line of argument I will mention further that the L II of the Helsinki 
district corresponds to the later style of the early comb-ceramic 
culture (I: 2, Storskogen dwelling place), the lower limit of which 
at Säkkijärvi ,,"ould correspond to the level of the Meijermäki dwel
ling pI ace 01' 18.36 m. above sea-level. The Säkkijärvi L II, on the 
other hand, corresponds , as I have already shown, to the earlier style 
of the early comb-ceramic culture (I: 1). There is thus a smaIl differ
ence in date between the Helsinki and Säkkijärvi L II whioh should 
be borne in mind in constructing the shore-levels of the relation dia
gram. 

On the other hand the Suurpäälä 17 m. shore-line at Säkkijärvi, 
with which the typioal oomb-ceramic culture is connected, represents 
L III, as I can conclude on the basis of a correlation made between 
the beaches of the Helsinki district and the Stone Age cultures of 
Espoo. 

In this connection it is worth while reverting to the pollen dia
gram of Suursuo. On the basis of the Stone Age coastal dwelling 
places dealt with above L III is here 17 m. above sea-level. Suursuo 
was therefore separated from the Littorina Sea already before L III 
(the threshold of the bog is about 19 m . above sea-level), and not as 
late as during L IV, as might be erroneously inferred on the basis 
of the pollen diagram aJone. 
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As we have al'l'iveel at the l'esult on the basis of the above that 
L II forms the maximum limit of the Littorina Sea at Säkkijärvi, 
the L I anel L II shore levels intersecteel each other in passing from 
Virojoki to Säkkijärvi. It will be remembereel that these shore-levels 
were alreaely very elose to each other at Virojoki: L II 20 m. anel L I 
22- 23 m. above sea-level (see page] 22). It is now necessary to as
certain, at what level this important point of intersection is situateel 
anel in what way the elisplacement of the shore-line occurreel here in 
eletail. In settling this elelicate problem I must base myself on my 
earlier material concerning the Säkkijärvi area besieles the facts 
alreaely stateel. 

As regarels my olel material (E. Hyyppä 1932, page 167) I will 
first briefly mention its results. At Vilajoki on Säkkijärvi, situated 
8 km. due E. of the church village, I previously estabJished the maxi
mum limit of the Littorina Sea by means of raised shores and the 
stratigraphy of the peat bogs. According to them the Littorina 
maximum, as I have alreaely stated, is 19.:;- 20 m. above sea-level 
01' the same as in the church village. Formerly I considerecl this 
limit as the L I limit. and the L II would. according to the view I 
held at that time , be the shore-line (17 m. above sea-level) that is 
associated with the typical comb-ceramic culture and represents 
L III according to my present opinion. Tbe L In of that time was 
entirely hypothetical as regards Säkkijärvi, but is situated in time, 
where I no\\- place L IV. 

After this explanatory information it is '\'orth while to submit 
to examination in its main points one of the Vilajoki peat bogs (Rata
suo bog), the stratigraphy of which I described in my former inves
tigation (E. Hyyppä ] 932, page 168, Ratasuo). The succession of 
layers of this bog begins with Ancylus Lake clay ooze which passes 
over, as we proceeel upwards, into coarse detritus ooze. The latter 
contains an abundance of woocl remains amI. fragments of vegetable 
tissues accumulated in shallow water. This bed corresponcls to the 
lower limit of the Ancylus regression. In my former paper I assumed 
that this regression limit was about 15- 16 m. above sea-level. l\ow, 
however , I have been obliged to raise it to about 17- 18 m. above 
sea-level, for the threshold of the bog i8 at least 17 m. a,bove sea-level 
and the basin of the bog was not separated from the sea during the 
Ancylus regression and Littorina transgression phase. 1'his is proved 
by the diatoms of this deposit, for I have since made an examination 
of the diatoms of these samples and have obsel'ved that the Litto
rina Sea (L I) clüttoms are present already in that part of the sediment 
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which represents the shallowest water of all or the time at which 
the possible isolation should have occurred. 

At the beginning of the Littorina period or L I the surface of the 
sea was about 17- 18 m. above sea-Ievel at Vilajoki according to 
the above. Later the sea encroached upon the land as the diatoms 
prove . On the basis of Suursuo at Säkkijärvi we lmow that this 
transgression attained its peak at aperiod subsequent to L I, and the 
Stone Age coastal dwelling places at Säkkijärvi prove irrefutably 
that the transgression maximum falls within the L H period, but it 
cannot be established in alt details on the basis of the available ma
terial, how the shifting of the shore-line occurred from the limit 
of the Ancylus regression to L H. 

The Littorina transgression was in its entirety fairly sm all here , 
too , at most 2-3 m. , but the time corresponding to this small rise of 
the sea-level, on the contrary, is comparatively long 01' = LI + L H. 

According to the stratigraphical evidence adduced above L I and 
L H intersect each other at Säkkijärvi at 18- 19 m. above sea-level. 
According to the stratigraphy of Ratasuo bog at Vilajoki this point 
of intersection would be slightly above the 18 m. level, while accord
ing to the evidence of Suursuo it is below the 19 m. level. It is im
possible to obtain an arithmetically exact figure in regard to this 
point of intersection on the basis of the stratigraphy of the peat bogs, 
as the threshold points of the basins of the bogs have not been de
termined quite exactly and as in such cases strict limits can never 
be fixed stratigraphically. The diatoms, e. g., with which I have 
operated here chiefly, have by no means always appeared precisely 
up to the limit , to which the corresponding water body extended. 

However, if we take into consideration that the threshold points 
of the bogs are defined with aprecision of at least 1 metre, we may 
consider that the point of intersection, as arrived at by the stratigraphi
cal method, is about 19 m. above sea-level. In my opinion this result 
cannot contain any essential error. On the basis of the raised beaches 
this point of intersection is at least 19. 5 m. above sea-level, as we 
shall see later in connection with the relation diagram, too. This 
figure , of course, becomes of more practical importance, as the heights 
of the different levels are calculated, as a rule, on the basis of the 
shores. The dating of the shore-lines, again, is based above all on 
the stratigraphy of the sediments. 

In this connection it would be tempting to compare the figure 
obtained for the point of intersection of L I and L H (19.5 111. above 
sea-level) with the results arrived at elsewhere in the region of the 
Baltic. but I \dll only proceed to do so, when I have finished dealing 
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with my own materials and constructed a system of shore-Ievels on 
the basis of them. 

Starting ",ith Säkkijärvi and proceeding to lo\\'er isobases, L II 
forms the maximum limit of the Littorina Sea. Later we will see, 
how far L H retains this position. towards the periphery of tbe area 
of post-G1acial uplift in Fenno.scandia. 

THE VIIPURI _-\REA. 

My paper in 1932 rcferred principally to the post-Glacial changcs 
of the shore-line of the Karelian Istbmu ·. The Viipuri area 
al ready belongs to this territory. It was only the Säkkijärvi area 
that represented the vast Fennoscandian shield of C'l'ystalline rocks 
N.W. of the Isthmus. In my investigation of that time I devoted 
special attention to the displacement of the shore-line during the 
Littorina period. in establishing which the stratigraphy of the 
sediments was employeel for the first time in the region of the 
Isthmus in determining the age of the ancient shores. Thc field 
work on the Isthmus proved rather difficult, as the shore-lines even 
from the Yoldia are vertically elose to each other there. 'rhe I;ho1'e
levels of the Littorina Sea later than L I, especially, alm ost coincide. 
In such cU'cumstances it is, of cour,'e. almost equaHy clifficult to 
distinguish different levels and fix their age by means of the 
stratigraphy of the sediments. 

There \\'ere also some elefects and even actual errors in my former 
investigation in regard to determining the age, although as regards 
many of the principal points of thc problem it provided a solution 
in the right directiol1. For instance, the Yolelia and Ancylus limits 
were transferred to lower levels than the ones at which they had 
formerly been placed. W. Ramsay (Hl28) already held this opinion, 
though he did not proeluce any direct observations in support of it. 
It was also evident from my investigation that the changes of 
the shore-line of tbe Littorina Sea perioel had occurreel on the Ka
relian Isthmus in a much more complicated way than had been rea
lised until then. I also proved conclusively that the Littorina Sea 
was transgressive in regard to the land on the Karelian Isthmus. 

My former papel' therefore affords a good anel nccessary basis 
for the final establishment of the changes of the shore on the Karelian 
Isthmus. I will briefly describe the new observations that I made 
on the Karelian Isthmus and check my former results on their basis. 
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RAISED SHORES AXD STONE AGE SETTLEl\1E~T. 

SO far I had not established any ancient shore-lines before in the 
lleighbourhood of the town of Vüpuri. The highest limit of the 
Littorina Sea had not in general been identified before with certainty 
in this area. The oldest communication appears in G. De Oeer's paper in 
1894. According to it a Littorina beach was supposed to have been 
recognised from the topographical map at Kähärilä (10 km. E. of 
Viipuri) at about 32 m. above sea-level. This figure stood for a long 
time until Ramsay (1920) reduced it to about 25 m. and later (1926) 
-on the basis of the levelling carried 0 u t by Schj erfbeck to 21. 5 lll. 

However, no stratigraphical evidence was produced for the dating 
of this shore-line. 1. Leiviskä (1934) pI aces the Littorina limit there 
stilllower. According to him the Littorina Sea beach at Käärmekallio , 
~. of Viipuri, is 19.±- 19.7 m . above sea-level and in the Havi bay 
and at Vitsataipaleenniemi, S. of Viipuri, 18 m. above sea-level. 

Leiviskä did not supply any kind of stratigraphie al evidence 
either in support of these determinations. Nor has he published a 
more exact opinion anywhere of the displacement of the shore-line on 
the K arelian I sthmus . Leiviskä's figures cannot therefore be consi
dered, as regards the maximum limit of the Littorina Sea under dis
t:ussion, as bettel' founded than the former determinations of the 
Littürina limit made in the Viipuri area. ~evertheless , Leiviskä's 
::;hore-Jines correspond approximately in altitude to the ancient 
::;hores which I established at Häyrynmäki (5 km. N.E. of the town of 
Viipuri) and which, in my opinion, represent the local maximum limit 
of the Littorina Sea. Before proceeding to prove the correctness of 
this opinion, I will give a list üf the ancient shores established by me 
In the Viipuri district. 

Häyrynmäki esker mound near Viipuri, investigation area No. 60. 

;-i.IV. slope S. of the railway . n cxt to a ~ravcl pit. The 
sam e s ite on whieh the Stone Age coast al d\\'elling 
plaecs of H äyrynm äki a re situated . Distinct boul-
der rim worked b y ice ............. . .. . .... . 

F oot of way e-c ut cliff on tho other s ide of thp psk er 

Häyrynmäki, investigation area No. 61. 

1 km. S.E. of t h e form ol' plaee, sand plain (aneient 
lit toral ben eh ) the prox imal edge of whieh is 25 m _ 
and t h o dist a l p art 24 m. above sea-level 

:-:i_I"T. slop e of th e esker K . of the highroad to Hein-
jok i. Foot of shore bouldors piled up by iec ... . 

Flat t,op of the csk er at thc sam e point ......... . . . 

17 . 5 m . abov o sea-10vel 
17. 8 .) 

25.0 m. abO\-e sea -level 
28_ 7 
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Horizontal sand plain at thc cross-l'ouds. ubout 300 m. 
towurds Viipu1'i from the former . . . . . . . . . . . .. 20 . 5 l1l. aboyc' seu- I(' \ 'l' l 

F oot of shore-boulcler s pilecl up by ice at thc same 
point S. of th e hig hroad ... . , . . . . . . . . . . . . . . . 20. ;; » 

Häyrynmäki, investigation area No. 62. 

Foot of strong wave·cut chff on the S.'.". s lope of tlw 
osker. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17. ;; 1l1 . above ;;pa·\(' \'p l 

Foot of large wa\·e·cut c liff rimmerl by boulders clos(' 
to thc fo1'm ('1' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I!). 8 » 

These shore marks are fairly distinQt, though some of them ,Lre 
rough. The exposition was good for the ",ave-action and the iee 
piled up many large boulders on to t he shore-line and even above it. 
The raised shores in the above list are grouped at the follo\\'ing levels: 
28 .7 m. , 25 m. , 20. 5-19. 8 m. and 17. :' m. above sea-level. 

On the basis of the leve ls of these shore-lines it seems that t he 
17. 5 m. beach repre ents the local Littorina transgression ma
ximum which would be L II here, too , in accordance with Säkkijärvi. 
Before see king support for this view in the stratigraphy of the peat 
bogs, it i important to compare this level with the altitudes of the 
Stone Age eoastal d welling places of the district. They are close a t 
hand, as some have been found here at the very places where I mea
sured the 17. 5 and l7. 8 m. shores. 

According to Äyräpää (A. Äyräpää 1926, 1935, and verbal state
ment) the Stone Age coastal dwelling places discovered on the 
Häyry esker (Häyrynmäki and Selänkangas) are situated at the 
following levels: early comb-ceramic culture (I: 1- 2) 20- 17 111. 

above sea-level, typiral eomb-ceramic style (II: 1- 2) about ] 5 m. 
above sea-level, and debased comb-ceramic style (In) about 14.:' m. 
above sea-level. Finds representing t he hammer-axe cultul'e have 
been made at 12- ·20 m. above sea-Ievel. 

The early comb-ceramic style. corresponding to L n, i" here 
connected on the basi.s of its altitude with the 17 .:; m. shore-line . 
This beach therefore represents L II according to the archaeologieal 
evidence, as I had already a sumed on the basis of the altitude of the 
shore. I also assumed that this level was here the peak of the 
Littorina transgression. Stratigraphical proof must. ho\\'ever. be 
produeed in support of this view. 
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THE STRATIGRAPHY 01" THE PEAT BOaS. 

The peat bogs at the Häyry Esker . 

.[ investigated several peat bogs in the neighbourhood of the Häyry 
esker in order to establish the level , to wh ich the Littorina Sea reached 
here. One of these investigated bogs is 18 m. above sea-Ievel and its 
threshold is in round figures at the same level. The bog is situated 
E. of the esker immediately N. of the Heinjolü highroad. In the clay 
and fine detritus ooze at the bottom of this bog there were no salt
water diatoms whatever, but instead there was an abundant lacust
rine flora of large- and small-Iake diatoms typical of the Ancylus Lake. 
On the basis of this the Littorina Sea did not extend to the level of 
18 m. 

This is comprehensible, for the shore-line referred to is on an aver
age only 17. 5 m. above sea-Ievel. In addition to this bog I investi
gated three other bogs in the same area situated S. of the Heinjoki 
highroad. These bogs lie approximately at the 17 m. level and the 
heights of their thresholds are not higher, so that I expected to find 
olear indications of the Littorina Sea in the bottom sediments of 
the bogs. However, in the deepest beds of two of the bogs that I 
investigated there were only diatoms of small fresh water , but the 
third yielded positive results: 

This peat bog is situated just below the 17. 5 m. shore (inves
tigation area No. 62) and is thus as regards its position , too , very 
suitable for detennining the age of this shore-line. Fig. 40, page 138, 
illustrates the stratigraphy of the bog. At the bottom of the peat 
there are 10 cm. of coarse detritus ooze and above an organic shore 
accumulation mixed with sand. After this the formation of pe at 
began on the site and proceeded undisturbed up to the present time. 
The succession of strata is similaI' in broad features in the other parts 
of the bog too. We see from the pollen diagram that the shallow
water sediment at the bottom of the bog, like a large part of the peat 
deposit above it, belongs to the Littorina period. The shallow-water 
sediment mentioned above contains, besides, so many typical Litto
rina Sea diatoms that it can be inferred with certainty that it was 
deposited in the Littorina Sea under littoral conditions. SampIes 
-i96-498, as weH as the bottom samples from two other points bored 
in this bog, contained the foHowing diatoms that are typical of the 
Littorina Sea: Amphora arenicola v. major , A . commutata, Anomoeo
neis sphaerophora v. po lygramma , A. sph. v. sculpta, Campylodis 
cus clypeus , C. echeneis , Diploneis interrupta, D. Smithii, Mastogloia 
Braunii , Navicula elegans, N. humerosa, N. libellus , N. peregnna, 

18 
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Nilzschia scalaris. In addition to this flora which indicates slightly 
saliferous and shallow water, there were a number of forms Iiving 
in small fresh-water bodies. 

The threshold of the basin of 
the bog is 15.6 m. above sea-level 
according to my levelling. On the 
basis of the evidence ot the dia
toms it is certain that the Litto
rina transgression exceeded this 
level slightly. The distinct ancient 
beach on the edge of the bog. 
17. 5 m. above sea-level, indicates 
the high\Yater stand during the 
maximum of this tramgrest:lion. 

Fip:. 40 Profile of thc Häyry bog. According to the pollen diagram 
Analyst K. Salmüw!1. 

the marine sediment of the bog be-
longs to the beginning of the Litto

rina period 01" to the time, in which L I and L II are situated. 
Both L I and L II are likely to have extended above the pass-sill of 
the bog. After the transgression peak the shore still remained 
dose to the bog for a comparatively long time. This proximity of 
the shore-line is proved by the Alnus maximum of the Littorina period 
in the pollen diagram. 

The ancient beaches of the Häyry area. the Stone Age settlement 
and the stratigraphy of the bogs combined thus prove quite conclu
sively tImt the maximum limit of the Littorina Sea is 17. [j m. above 
sea-level in the vicinity of Viipuri anel that this limit is L II. It should 
be mentioned that H. Lindberg (1916) already expressed the view 
that the Littorina limi.t was at a low level in the Viiptu'i district. 
He came to this conclusion in establishing that there are very few 
Littorina Sea diatoms also at lower levels in the sediments of the 
Viipmi district. Lindberg, however, did not concern himself with 
determining the Littorina limit more exactly in this area. 

In view of the low level of the Littorina maximum in the Viipuri 
distI'ict it seems certain that the Littorina Sea could never have ex
tended its marine influence inside the Laatokka basin. Accoreling 
to the levelling made by Mr. T. Huuskonen (communi.cated verbally) 
the important pass-sill of Vetokallio (the lo\yest valley across the 
divide between the Gulf of Finland and Lake Laatokka) at Heinjoki 
1S 15.4 m. above sea-level. Vetokallio is already on a lower isobase 
than Viipuri, so that the Littorina maximum rose even at highwater 
stand only inappreciably above the present threshold of Vetokallio. 
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As the threshold was evidently at a higher level during the Littorina 
maximum than at present, it is all the more probable that the Litto
rina transgressiondid not extend even at its maximum phase above 
the level of the Vetokallio threshold of that time. This aceounts 
for the fact that within the Laatokka basin no distinet Littorina 
Sea indications have been discovered in the diatoms (J. Ailio 1915, 
E . Hyyppä 1932, K. K. Markov and W. S. Poretzky 1934, 1935). 

I have also some new material regarding peat bogs from the 
eountry drained into Laatokka and espeeially from the proximity of 
the Vetokallio threshold. I investigated bogs on either side of the 
Vetokallio pass-sill, in descending order from tbe level of the thre
shold, but did not find any sure marine features in the Littorina de
posits oi these bogs. The narrow waterway from the Vetokallio 
threshold to the Viipuri bay of that time, naturally, partly reduced 
the influence of the sea on Laatokka, just as the fresh water oi Laa
tokka coming from the opposite side. I believe, however, that , if 
tbe Littorina transgression had clearly reached above the Vetokallio 
threshold of that time, there would have been signs of it in the im
mediate neighbourhood of the threshold. I will not go more closely 
into the his tory of the development of Laatokka in this connection, 
as I propose to publish an investigation of it later. 

In connection ,vith the Viipuri area some measurements of ancient 
shores are wortb mentioning that MI' . T . Huuskonen (eommunicated 
verbally) made at Karisalmi, situated a little less than 20 km. N.E. 
of Viipuri. Huuskonen established a wave-cut eliff on the S. shore of 
Lake Määttälänjärvi, the foot of whieh is 15.5-15. 9 m. above sea
level, and the following ancient shore-lines on the shore of Lake 
Pisponjärvi: 1) the foot of a slight wave-cut cliff 14.3 m. above sea
level , 2) the foot of a wave-cut cliff 17.2 m . above sea-level, and 3) the 
lower edge of a boulder rampart 20.2 m. above sea-level. For the 
two latter shore-lines there is an exaet counterpart on the basis of 
their level in the raised shores of the Häyry esker, so that the 17 .2 m . 
beach at Karisalmi represents tbe Littorina transgression maximum 
(L II) and the 20.2 m. shore-line belongs to the Ancylus period. The 
raised beaches at 14.3- 15. 9 m. belong mainly to the L I and L III 
levels. It seems certain that Häyry and Karisalmi are on the same 
isobase. 

Pitkäsuo Bog. 

The peat bog is situated E. of the Palosilta pond, about 10 km. 
N.W. of Viipuri (investigation area No. 63). Fig. 41 , page 140, illus
trates the stratigraphy of the bog. At its bottom there is late-Glaeial 
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e1ay, the 10"'er part of whieh is devoid of pollen grains, though it 
eontains diatoms (diatom table XVI , Pitkäsuo bog 678- (95) . From 
sam pIe 691 upwards the sediment eontains pollen in addition to diatoms. 
The pollen flora as \\"ell as the diatoms are of 1ate-Glaeial type 
up to sampIe 685. In this sampIe there are still signs of marine in-

m P2,2m IJ 20 Je '''' JO 150 70 150 .«J 100" fluenee (Diploneis interrupfa. 
~- '1 ' Hyalodiscus subtilis) , but above 

,~Fi . "( ~ 1 -ijt .--- it a typieal Aneylus Lake flora 
~ \. i <:::.....D ~7,!C' begins, as wi ll be seen in the 

~ -~~ ftl fv; - diatom table. 
U.J-~+'-_--. -$-~~-:>"'--+!._ V -'-X-- I have dated the late-Glaeial 
r;;:> -~-:: I PI clay of the profile, at any rate its 

4,,, 

<"'"~l.. ~h J:~ ", upper part, as being of the Yoldia 
2~ r':, -; -~ ~ ~;- period. In its lower part it may be 

lLh=::-~ --.. '---4:..-+-1-'1 ~___ even older than this. This ehrono-
f-+--~-"!> ~ ,,,,, . ", logieal position is supported by the 
1./' V'" "';-~~f "' "- diatoms of the sediment, in ",hieh 
IJ ~ r '\ ",I / r~;c- there are small quantities of 
1--t--_.;I"'? ...... - r_'-t-- ;:" ~ I L braekish-watel' species: CU1nlJylo-

--1..2"'::,- \: t~ discus echeneis. Cocconeis sw/ellum, 
.0 b t>- i ,...- ~. 1 u Coscinodisc~IS sp. Di ploneis inter-

i '----...f-, '\ :' h 1'upta, Grammatophora oceanica, 

I
~ . ~-~ f.,F \A Hyalodiscus subtilis. Here there is 

i---~ ,,. <-:,;,:1:';;: I« again the same mixed flora, indi-
L. ~~ <21 cative of slight marine influenee , 
~ "' that we eneountered in the Y oldia . " , _I--f ~~ I", 

"~~ t ~~ deposits of some formel' peat bogs. 
!~368868'. The Aneylus transgression rose 

""~ <.. I~~~ <~ 'I;:; Y above the level of the bog on this 
i::==:::P I~~~ m site 01' above 22.2 m. Aeeording to 

6J=:~:- IPovr/~~ the evidenee of the diatoms the 

transgression peak falls at the 
Fig. ·11. ProfilE' of t]1C' Pitkäsuo bog. 

Allalyst H. La \'anni . very beginning of the Ancylus 
period. At the time of the abso

lute maximum of Pinus the Aneylus transgression maximum had 
already eulminated on this site. 

The basin of Pitkäsuo was separated from the Baltie at the time 
of the Aneylus regre!:!sion and the bog had started to develop. In the 
Littorina periocl the aecumulation of peat \,"as already far advanced_ 
The maximum limit of the Littorina Sea is situated below the level 
of the bog. 
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Table XVI. 

Pitkäsuo Bog 

Aual. K. Salminen 1678 6791680681[682[683 :684 [685 ,686687[688689690691 692693694[695 

. -!I II[ [-I~' 
.i1chnanthes CZere l . . .. . . .. . . : '1- - - --11 -1- -1-1-- - - - -- -' - i -

» Zr!l!ceoZata 7;. elhpt!clI - - - - -! - 1 - - - - -- -1 11-
Anollio~onels sphaerophora . . . . - - - - 1[- - - - -- -1- ----
AmphoHI owlts . . '.' . . . . . . . . . - I 1 - 1 1 2 1 1

1

1 - - - 1 - -I -, - -
I) I) t". hbyca . .. .. - - - - - - 2 1 1 - - - - - - 11--

I) 1'. ped~C!lhl s . . 1-1- - - - - : - - -1-1 - 1 - -! 11- -I 
On/olleis latiuswla . . .. . ...... 1- - -I' - 1 - - - - -' -1- -i - - -

8chwllannirmll t". bi- , 
cJnstricta . . . . . .. . .. . - I' - - ] - --, - - -, -1- -I - 1- -, 

» nltcuZa . . . '. . . - - -- ] - -I -' -1-- -I --I 1 
{'alJlp!fZodlSCllS echenels . . . . . . - - - - - f r. - - - - -- -I 1 

noricus 7; . hiber- I I 
('occoneis ~t~:i;!~'t;[ ' : : : :: : : : : : 1[ ~ --= 1~1 11 --=1- .1 = =11 -I ~ -I' --=1:= 

diswlus . .... . . . .. . 
pedicuhlS . . .. ..... . - - - 1 1 LI 1 - - - -1- -

placentllZl1 . . .. . . ... 1- ' 1 - - - - J L - -- -I 1 -
» sc!del/um - - - - - -I' 1 fr. -_ - - -1-

Coscinodiscus sp. . . . . . . . . . . . . - - - - - - - - - 1 1 -1- 1 -
Cyelotella bodanica. . . .. . . .. .. -1- -I - 1 = =1 ~ = -- - -l-

I) !Oi!zingiana . .. .... - - -1- -1- - - - I -- 1 -
CYI/mtoplwra ell iptica . . . . . ... _111__ ]1

1 

11 1_1 - - - _1- - - -

» » t". nobilis _ =1 = = = =1 - - =1 =11 
-=-» w~. .. .. .. .. . 1 

C'ywue7la aspera . . . . . . . . . . . . . 11 =- 111--=1 = ] 1 1 ~ = _I I 1 = 1- =~I cuspidata . . . . . . . ... 1 _ _ _ 
Ehrenbergii . .. .. . .. 1 -1- 1 - 1 1 

;~~~~~~~~~a : : : ::: : : : : 1_ -=1 -I '{ ~ I ~ 1 1
1 

1 I 1 =1 =1 -= l ' ]111 =1 --
spp . ..... .. ... . . .. 4 1 

IJidYlliosphen,lclgeminala . .. . . ,1- 1 - 11 - - - -1- - - 1 - -
Dlplollels elteel .. . ... . . . . . . - - - - - - -1--' --

dOlliblittensis . . . . . . . 1 J 2 - - I - I -
v. subcon-

.. ~ tr~c.liL : : : 1 i i - - -=! 
I 1 

eZliptica 
» t". ladogensis - - -1-

tinnica ... .. . .... " 1 1 J I 3 -
intermpt(/ .. . . . . . .. - - - - - 1-- - - 1 - -1- - -- -1- -, 

I) M ailler! . . . . . . . . . . . - - - - 3 -I - -_.- 1 

Rpitllelliil[ argus ... ... ... . ... -1-1 
- 111 1 -I - - - --

» Il yndl/wnni. . . . . . 1 2, ] 3 5 3 1 1
1 

- 1 -
» intermedia . . .. . . .. - - - - 1 - - - -1- --1-

sorex . . . . . . . . . . . . . - -I 1 - - - I - - - 1 1 - -I 
tnrgicla ........... 1- 1 ~ I 2 31 2 - - - - ] -' 

Lgramt!uta - - 1 - - I - - -1-
t'. lV p.qter- 1 

~ ~ 1
1

1 
11 - =i =: 

2 

:1''1 'I I; -- 1 

-I 1 

manni . .. . 1 
21 1 zebra 1 3 1 

I) I) t'. porcelllls .. 3 1 1 
t;wwtia spp . .. J 11 3 l -

I 
Fragilaria spp . 5 I 5 
nO/ll]!ho!1ell/a acwllinatulli 1'. co-

TOllfl ta ..... . . . . . , 2 J , 2 

1 -
1 - -
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1 

~~oo_ I 
ii78679:ßsOI6s1682 683 684 685 1 686 1 687 1 688 1 0~91692 693 694 ,6% 

(;oll!)Jlwnema augm '/;. Glmtieri ' -I 1 L '-1- i -- -1- -I - --I : -I 
» spp . . .... . .. . .. ' 1 1-- - -1- 1 -1- -1-1-

1

- -

C:mmmatophora ocu:nicn ..... - -~ - - J 1 -- J - -, , '1 -11 
r'yroslgma aCUlIllIla ,um. . . . . . . - - _ , _ 

attcl!1wtwlI ..... . .. _1'1_' _1
3

1 3 51 5 :'1) 1 :2 J _I =1' 
I/ anlzschia sJl. . ...... .. . •... =1 
r/yaZodiscus subtilis . .. .. . ... . 

Jlelosira ambiglll1 .. ......... 3 1 1 -I 11- - J 1 1 1 

lire IIrlria ....... .... 1 -f 1 -! -f 3:2 1 1 , - 1 
distans ... ......... 1 1 _1- - J _I 
grallula/a ...... .... 1 I 1- - - --, 
islalldica subs)Jec. hel-
rehcn . . .... ... ..... :2 3 ;) :2 ~ - 1 - -, 1 1 

dalica .... . ........ 3 1 _) _- ' __ 'L / ~ = =1= -li, I v. '/;a lida ... . 3 1 .. 
s/l. .. . ...........• . 1 ---

Sa ["'icttla americalla . . . . . . . . . . 1 :2 3 1 - - -
/iacilfulJI . .......... _____ I ~ - - ___ _ 

cocconeiformis - ] __ I - - - -
cuspidala .......... -- - - 1 - - - 1= =1_ -= - I = = = 
gaslrum . . . . . . . . . . . . L - , - -, _ I 
J ellt~schii ········ ··1- 1 -1 - - - 1 - -- - _1_ =-' _ 1

L nmtica 1'. Cohnii .. . - _ ~ 
placent1l1a . . . . . . . . .. -
protr(lcta ........... 1- 2 - - - - - - - - -1- --- , 
ptlpula 1'. Tadiosa . .. - - - - - - 1 

~is r~rt(!I~~UII!~ I - -1- - 1 -' = - -__ 1_ J 
mdioS(( ..... . • ... .. -I 1 - - - -
sculelloides . ... . . . . . 1 ] ] 1 - - - - __ _ 

» tllscu{a. . . . . . . . . . . . -, ] - " _ _ _ 1_ -- - - -I 
~\:eidiwl/ SI))J· . : ..... . ... .. .. 1 1 - 1 , , - - - - - - - 1 - -
.\ llzschw s!gmoldea . . . . . . . . .. - - - - 1 _I -1-1 - - 1-/ 1-
Opephora Jlartyi ............ 1- -1- - - I ' 
Pinmt/rlria sjJ)J. . . . . . . . . .. . . . 5 ;) 5 2 2

1

-_ 1 1 1 1 - 1 1 

Hlwicosphenia cmrrt/a .... .. '1- - - -I - - - -1 1 
Ilh o]Jalodw glbbn . . . . . . . . . • .. - - - - 1 1 - - - - - L L _ 

SIa1l1'OIleis aCllla .... . ... .. .. 1- LI -I - __ 1_ 
alabrlllwe 1'.al!gu{ala . '* - - - - - 1 1 - ___ _ __ 1_ --
rtnceps .... ......... :2 - 1 - - -1- 1 -I 1 - - - , - __ 

» • /. gracdzs .. - - - - - - - - - - - -I - - 1 -1-
» phoemcenleron. . . . 3 1 1 1 - - - _ _ _ _ _ _ _ 

,~:tephanodiscu~astraea . . . . . . .. - - - 1 1 ] -1-1 1 - _I 
,)unrella blsena/{t .... . ..... . -I - 1 __ _ _ _ 

1'. bi/rons.. -I 1 - ____ 1_ - -
» 1'. cOllstnc/a 1 - ____ _ _ 

Ca)Jronii. . . . . . . . . 1 - 1 - - - - -
elegans .........•.. '1- ] , 1 , -, -, - -I ' : 

» . oU/ta.. .... . . . . . . .. -,- - - - - - __ I 1 - - __ I -,-
SynedHl sI)· ·· ·· ······ ·· ···· 1- - - -1- - -- J --

Tabel/ari(l spp. . . . . . . . . . . . . . . 1 1 1 -I - - - - - 1 _ -I ' _ 
Tetracyclus lacllstris .... . ...... I 21- 1 -I - -I - - - 1 - - 1 -1-

» 1;. rhombica 1 - - -I - - - - 1_ - - __ -! __ I 

1 
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Kämärä , Mustalampi Bog. 

The bog is situated ab out 3 km. N.W. of Kämärä station (inves
tigation area No. 64). It is a partly dried Pinus-Calluna »Highmoon>. 
I have already described the stratigraphy of this bog on a previous 
occasion (E. Hyyppä 1936). Fig. 2, page 15, illustrates the strati
graphy of the bog. It is the same as in my paper of 1936, except 
that I have simplified the chronological division of the late-Glacial 
period. Formerly my dating was based in its details on the diatom 
assem blage, but the weight of the evidence oi the diatoms as regards 
the late-Glacial period is limited, for clay deposits earlier than the 
last late-Glacial period have been discovered (see page 109) that also 
contain marine diatoms and partly the same species that have been 
found in our late-Glacial sediments. The appearance of secondary 
diatoms derived from the earlier clays should therefore be borne 
in mind. 

The clay at the bottom of tbe Kämärä bog, 5.4-6.6 m., contains, 
in addition to abundant large-Iake flora , slight quantities of brackish
water species (diatom table XVII, Kämärä, Mustalampi Bog 166-
201). These species are as folIows: Coscinodiscus argus, C. lacustris 
v. septentrionalis, C. sp., Di1Jloneis didyma, D. interrupta, D. Smithii, 
Grammatophora oceanica, Gyrosigma distortum v. Parkeri, .i.l1astogloia 
elliptica, M. Smithii, Hyalodiscus scoticus, Navicula digitoradiata, N. 
elegans, N. peregrina, Nitzschia circumsuta, N. hungarica, N. tryblionella 
v. levidensis and victoriae, Rhabdonema arcuatum. The greater part 
of these species also occurs in the stratigraphical sequence above the 
5.4 m. limit and fairly abundantly. Those salt-water species that 
have only been found below this limit are as folIows: Coscinodiscus 
argus (in sampIe 190), C. lacustris v. septentrionalis (192 and 201), 
Diploneis didyma (192), Hyalodiscus scoticus (201) , Nitzschia circum
suta (193, 200) , Rhabdonema arcuatum (193) . 

All the latter species occur very sparsely in their particular sam
pIes . Such a scattered and sparse occurrence may, of course , be due 
to these diatoms having been washed off from older sediments. I 
have, however, no convincing proof for this view. 

Below the 5.4 m. limit of the profile, however , as already stated , 
there are several other salt-water species. These may be, at least 
in part, impurities coming from higher horizons , sampIes 189- 17H. 
As a whole the part concerned of the profile , 5.4,- 6.6 m. , is so 
wanting in homogeneity as regards its salt-water diatoms that I do 
not find myself able to make such a detailed age division on the 
basis üf this flora as I did before (1936). 
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Table XVII. 

Allal. E. Ilyyppä . 

Achnanlhes Clevei . . .. .. ........ . 
jlexel/a .. ......... .. . 

,) lanceolatn v. elliplica .. 
I Amphora capitata .. . .......... . 

omlis . .............. . 
1". libyen ...... . . 

') » r. pedicultls 
Anomoeoneis sphaerophora , , ' , , .. 

Caloneis all1)Jhisbaenfl, . , , , , , , .. , . 
ladogensis ""."". " , 
8chwnanniana ,." . "" 

» v. biconstricta 
» siliculn, , , . , , , , , , , . , , , . 

('nmpylodiscus echeneis , , , , , , , . , . 
noricus ....... ,., 

1'. hibemica 
Chaetoceros sp . . '" " ",."", .. 
('occo17eis 1Jediculus """ ' .,, , ., 

placentula ' , , , , , ...... . 
') v, euglyptc! .. , 

( 'oscinodiscus a rgus ..... " ..... . 
asteroll1phalus .. , .. . 
laeustris 1" . septelltrio-
nalis , ., ... . , .. , .. . 

» sp . . , .... " .. " .. . 
Cymatopleum elliptica " , . .. , , .. , 

v. hibemica . . 
') 1:. 110bilis , , ' 1 

» soleu". " .. . , .. " . -
Cymbella aspera . , . , , , .. 0 ' ••• , , • 

cistula ... " .. ,,' .... 0 . ,

cuspie/atl! , ' , .. , 0 •• , , • 0 , 3 
/(!I1C o/atfl, , .. , ' . 0 • 0 • • , , 

prostratI! , .. , , .. 0 , • , • ' 0 -

spp . .... , .. ,. , . 0 ' •• '. 0 -t 
Iwnida " ' .. ' 0 . . . ' .. ,. 0 1 
I:elltncosa .. . . , .. , ... , 0 

Didymosphenia gel/linata 
/Jiploneis didYllln ...... , .. , . , . 0 0 

dOll/blittensis ... " ... 0 • 

-1-[-- --
-I 

- --,-
1-

fr. 

3 :2 

-t 5 5 

l-
I-

e/liptim .... ..... ' .. , 0' 

,) 1", ladogellsis , . 0 • 

jinnica , .. ' ", .... , .. , -t 3 3 1 ~ 
incul'mta .. " . . .... . o. 

interru]>tl! , , .... , ... , , . 
oralis . . ..... . . . .. . 0 0 

» I'. oblonge/lI! . , . , 0 • 

p,seudol.'rtlis .. . ... , ... 0 , 

,')/II/thll .. , ... , . , 0 ' •• , 0 

Epithelllia argus ", .. , , .. , , 0 •• , • 

sorer .. " , .... ,' . . " . 
tUl'gidc! ............. , 

» r. grwwlata ... . 
zebra 

- I -
- -1-

=1 =1-= 
--=1= 

1-
: I-=- , 

J~, 

Känl~lrü. 

lii 1178 117Y 

-1-1 -1--
1

- -1-
- - - I 

-I 

ij 3 5 :) 

3 
-I 

- , 

:2 
:2 -t 

:2 3 1 
:2 !) 

'* 
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Mustalampi Bog 

:;- 1= = 
1 - 111 

1 1 -± 5 :2 -± 

1 
5 1 1 1 1 

3 
:;- 1:;- -1 -;2 - -

:2 ] - -

:j!)O ~,-:17 

5 -± 

1 

1 -
1 -

:2 5 

1 
1 

1 

I I' 
-1- -

1 1 5 
1 - 1 

- 1 

1 
1 -I 1 

1 -
1 :2 1 

1 
1 

5 -± 5 

1 1 
1 

1 2 
5 1 

:2 
1 

-1- --1- -
5 111 1 

- 1 -

1 -l
I 

1 -lI
--

1 --

= =I fr. = 
- -;-1-

2
1 

1
1

- 1 
- -1- 1 -

- - 1 1 -

= =1 -= 1= 

1 1 i l 
1 1 
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Kiimül'ii, 

It~~ 160 170 171 1/;~ li-t Ji;j 17(; I/i liR l iH 

Epitllem/a zi bra I'. )Jorcelhl.~ 
') ') r. SII.rolliC(I :: :: :1- =1 

EIlIlotia Sill I ...... . . .. ... . ..... . 

Pmgi/rll'ill SII }I . ..••.•..••••..•. . 

Frus/ulia s/l . .. ... . .. .... . . . ... . 

1 (:Olllllllol/PII(l1 (lcwllimllwil /' . coro· 1 
I/rr/II ...... . .... .. . 
rwgur ............. . 

,) t'. (;((//1 i(/' i 
rOlls/ric/ull! ... .. . . . . 

» ··IJ]i· .... . .........• 

cl. 3 

1= 
1 1 1 

-1= 

(:rrulillw/o"hom OCPflllico ...... .. • 
(:yroSiglll(l fll'Wlliwllwll . . . . . . . . .. -

otfpil/latwil ..... . .... . 
balticll/I/ ... . ... . ... . . 
distortwll t'. J'(/rkeri .. . 
scalproides t· . exill/ill . . . ' -
Spel/cerii ...... ... .. . 

,) r. lIodilem . . . . 
!{ii/:illgii . .. ..... . .. . 

" (mtzschifl sI' p. . .. .. .. .. ....... 1 1 1 
» rirgatll c. cllpitel/otrl .. --

J! Yft!odisc1/s sco/icus .... . .. .. . . . I -

1-Jfas/ogloia Slliithii . . . .......... . 
elliptiCf! .... . ...... . . 

/' . dal/sei ... .. . 

=1-1 pxigua .... .... . .. .. . 
Oraillei ...... . . .... . 
SI/Iitllii 1'. f/lll)Jltirephala 

' ) 

.lIelosira 

.\'m·iet/la 

» 1'. lacl/stris ... . 
all/b01/(/ .... .. ... . ... . 
distalls ............. . " 
arellaria ......... .. ... . 

Ö 
.3 

Ö 
.i 

-1= 
ö 
~) 

islf/lldica SlIbspec. heireticil 1-
dillwa t'. mi/da . . . . . . . . 51 1) 5 1) 

alllenCflllfl .. . . . . . . . . . . . -
amphibolf( .. . . . . . . . .. . . I ~ 1= 
baeillulII ... . .....•. . . . 
trUeiClllf( . .. . ......... . 
c/lspidata .. .. .. .. .... . 

» 1'. (/lIIblg1la . .... 1-
dicephalll . . . . . . . . . . . . .. -
digitoradillta . . . . . . . . . .. -
c/egal/s . .. . . ... . ...... . 
hUllgariea I' . Cf/llitata . .. -I = 
]ieregrilla . . ........... . 
fllr(Ceotu/o .. . ......... . 

I. /fll/CPo/ata . .. -1- I 
') I. latiuscu/a . .. - - I 
» /. rostmta . .. '1- - - -

jlU}Jula ...... . ... . .... ,-
'). r. reclrll/gu /a I' is . . . - I 

pusllla . . . . . . . . . . . . . . .. - -- -
protroelf( ... . .. . ..... • . -

=1 + .) 

~ I 
l-
I 

1 I 1 

::.::1 

1 1 

.) 1) 

3 

:2 
3 ' 

:) 

-

1 I 

:2 

:3 

1 1 ~ 1_:2 
:l 1 3 

,.) I .i ~) 

3 

.) 
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~[ustalaml)i Bog 
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1 -l-
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:2 :2 5 -

=-1=1 
.) .') 1 3 
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- 1- ~ I J 
, ~ I= 1 
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-l-
I 1 

=1= 
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=1= 
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- 1 
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Kämärii, 

166 1167 1 His l 16U 1170 171 1l7J 1174 117:; I 176 177 1178 1179 

Xavicnla Hldios(! ........ . ... .. . 
Reinhardtii . . .....•.... 
l'hynchocephall/ .... .. .. . 
sp . ... .. ............. . 

') tl/scl/la .. ....... •.. ... 
• Y eidiwn iridis . . .... ... ..... . . . 

» spp.... .. .... . . . ...... 1 
Xit ?schia angustata 1:. aCl/tll . ... . 

circwllsula ........ . .. . 
cO/J!llwtala . ....... .. . . 
denticula ............ • . 
!/Ungarica .... . ..... .. . 
navicuhuis . . ..... .... . 
punctata . . ........... . 
scalaris .. . ........ . .. . 
sigmc! ........ . ...... . 
sigmoidert . .. .. . .. .... . 
thermalis ., ........ . .. . 
tryblionel/a ........... . 

I '. leridel/sis . . I
r. virtoriae .. -
r. debilis .... 

Opephor(l Jlartyi 

-1-

1 1 1 1 

-1= 
-1- 1

-

= =1= 
I·' 

I 1 

:2 3 2 
-i-

:2 1 1 1 

1 1 1 

1 

=I=-- - 1 2 

=1-
1 1 3 

Pinl1ularia spp. . ..... . ... ... . . . 3 3 3 ~ ij 5 1 3 3 ij :) 5 3 
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SOl' can I decide the que::;tion \\ith certainty \\'!lether thü; part 
of the profile belongs to the time of the Yoldia Sea or of the Haltie 
lee Lake. J lldging b~' the diatol1lr; the latter o]1inion seems more 
correct. ar; the sediment eontains abundant large-Iake forms. especially 
Gyrosigma atlenualum. It should be remembered. howevel'. that. the 
Yoldia sediments i1we::;tigated in South Finland elS a rule contain 
just such mixed flora, in \\'hieh fresh-\\'ater f:lpecies are in the majority. 
The dating as regard::; this part of the profile must 1'e111ain undecided 
pending future investigations. 

On the other hand I ean refer sampier; IH!l - 17H to the Yolclia 
period \\'ithout any question, fm from sam pie IHn. perhaps even 
partly from sampIe I !)O. such an oln'iom; change occur;; in the dia
tom assoeiation that it i;; necessarily due to a fador of prime import
ance, Brackir;h-watel' ;;pecie:; increase appreciably in this part. of 
the profile both in the ]lumber of ,'peeies anel of inclividualf:l, af:l will 
be seen from the diatom table. The plentiful otturrenee of the fol 
lowing salt-\mter species should be notecl in particulal': Diploneis 
8l11ilhii. Gyrosigma balticll11I. G, dislort/lln \-. Parkerii. JIaslogloi(/ 
elliptica. JJ. elliplica Y. dansei, ,i1I' aslogloin Smilhii y, (1IlIjJhicelJhala 
(the last three are pOOl' indieators of r;alt water). ~Yal'icul(( diaito 
mdiata, ~Y. jwregrina , Xitzschia lI(//'icularis (vel',\' COl1ll110n in :;eyeral 
;;amples), .LY, sigm((, X. tryblionella v. lerideJlsis, .Y. Iryblion ella Y. 

1'1rtoriae, Rho]Jalodia musculus. These speeie::; oecur cOI1r;tantly emd 
abunclantly up to sampie 1 H2, from ",hieh theil' number deCreaf:leR 
"ery much until salt-\nüer species practically cease after f:lample 171;, 
[ huye clra\\'ll the upper limit of thc Yoldia t::lea depof:lit:; at thi:-; point 
of thc profile. Abo\'c thi:; limit the Ancylus Lake period hegins . 
. -\.eeording to thc diatollls t he basin of the bog seems to haye become 
an independent s111all lake approximately at the beginning of thr 
Aneylus pel'iocl. 'fhe Anc,vlns transgression maximu 11l lllay possibly 
haye just Rurmounted the thresholcl of the bog or the le\'cl of 
about 26 m. 

In the seguencc of this bog \I'e meet fm the first time in South 1<'in
land ",ith a dia tom flom belonging to the late-G1acial period amI C011-

taining abundant salt-\\'ater cliato11lr; in such condition;; that they 
must bc consiclerecl as the product of primary :;eclimentation. for in 
this profile there is apart. especially sampIe;; 18D- 18-t.. the cliatom 
flora of \düch exhibits an indisputable , coherent eeological type 
",hieh pro\-e::; marine conditions. As the:;e cliatom' are limitecl. be
sides, to a definite part of the profile, it is cliffiellit to imagine thai 
this shonld be a gue:;tion of secondal'Y derivation frolll oldel' :-;edi
ments. 
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These diatoms that lived in the Yoldia Sea prove that the sea 
was at that time (;Qmparatiyely shallow in this plaee and only slightly 
salto lf the H-field beIm\" the Y -field of the profile aetually also be
longed to the Yoldia pel"iod. it \"ould represent a eonsiderably deeper. 
but less 'alt initial phase of this sea. It is more probable, ho\\'ever. 
that this part of the profile belongs. at least to a large extent. to 
the period of the Baltie lee Lake. Absolute eertainty eannot be es
tablished in this eonnection regal'ding the date of the lo\\"er part of 
the profile. as already mentioned. 

OUT attention is attracted in the late-Glaeial pollen assemblage 
of the :vIu talampi bog by its comparatively large quantity of rarer 
eleciduous tree::; and Picea. Here the same pollen flora is repeated as in 
the late-C1acial sediments of some pre\' ious peat bogs. I ha\'e ex
pounded the fOl"est-hi torical aml climatie signifieanee of thi::; pollen 
cOluposition in my formel" pap('r . 1 will return to this question in 
the proper part of the pre::;ent stndy. 

I identifiecl allumber of aneient shores at Kä mäl'ä "ituated on 
either side of the raihmy in the esker landseape. These shore-line~ 
are ::;ituatcd at the follo\\'ing 1e\'els: :25 111 .. 30 m .. and 51- 53 m. 
aboye sea-leyel. Of these the 30 m. beaeh appears on the edge of the 
}Iu:talampi bop; amI. judging by the stratigraphy of the bog. 
belongs rattler to the enel of the Yoldia period than to the Aneyhu; 
period. The :25 m. shore-line. on the contrary. certainly belongs to 
the Ane,Ylm; period . .cl. more preeise dating of these raisecl shores is 
obtained in conneetion \I'ith the relation diagram . 

S()~D1E . 

In Bomme I had ]JreyiOllsly (E. Hy,Yppä 1932) onl)' ascertained a 
>lhore-line (15 m. aboye sea-le\' eI) corresponding to the typical comb
ceramic cultme ancl anotltel' shore belonging to the Iron .Age \I'hich 
is 5- 6 1l1. abo\' e sea-leyel. On the basis of the Somme raill\'ay C"uUing 
I II·as. besides. able to establish that the Littorina Sea \I'as trans
gres:i\'e here in regarcl to the land. The Ancylus regression limit 
\\"as 11- 15 lll. above sea-le,'el. Formerly I consiclerecl the 15 m. 
shore-line mentionecl aboye to be L H. XO\\' I place it in time in 
L JJ]. at; this beach is eonnected with tbe typical comb-eeramic 
eulture. L H is slightly abo\-e L II [ at Somme ancl forms the highest 
limit of the Littorina Sea here. too, as in Viipuri. I ean therefore 
conelude on the basis of it that the typical comb-ceramie culture 
both at Viipuri and Somme oecurs about J5 111. aboye sea-Ieyel. 
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Both sites are therefore approximately on the same iso base. The ma
ximum limit of the Littorina Sea would, on the basis of it, be about 
17 m. above sea-level at Somme. In order to eheek this limit I in
vestigated a peat bog at Somme, the stratigraphy of whieh is illus
trated in Fig. 42 below. The bog is situated 2 km. S.E. of the 
Somme railway station (investigation area No . 65). 
17m At the bottom of the bog there 

m =- Pi is a thin bed of elay mixed 'with 
- sand, the lower part of ,vhieh , 

li 
, I 

I 

C' A 

sampies 364 and 363, is Aneylus 
Lake sediment on the basis of the 
diatoms (Diploneis domblittensis 
M elosira arenaria flora). The fol
lowing sampies, 362 and 361 , re
present the separation of the bog 
basin so as to form an independent 
small lake whieh oeeurred at the 
end of the Aneylus period. No 

Fig. 42. Profil e of thr Somme bog. 
Analyst K. :Jla. sinen. signs of salt-water diatoms are 

visible in the sequenee of this bog. 
The threshold of the bog is 17 lll. above sea-level , so that the peak 
of the Ioeal Littorina transgression, determined stratigraphieally, 
is here at any rate sligh tly below the ] 7 m. level. 

JOHANNES. 

Aeeording to my investigation in 1932 the post-Glaeial shore
levels at J ohannes are situated at the following altitudes: Yoldia 
35 m. , Aneylus 31 lll. , L I 2u.ß m. , L II 15 m. , the shore-line repre
senting the end of the Stone Age 11. 8 m. , and the shore situated in 
the Iron Age 5.7 m. above sea-level. Aeeording to my present views 
this result does not hold good preeisely. The beaehes referTed to. 
indeed, elearly exist, but their dating is wrong. The error is worst 
in LI whieh was plaeed at the level of the Aneylus shore-line. For
merly I had not suffieient stratigraphie al evidenee regarding this area 
for determining the dates of the shores. N ow I possess additional 
material of this area, too, so that I ean eorreet my former results. 

R evonsaari Bog. 

The bog is situated on the island of Revonsaari, investigation 
area No. 66. In type it is a Calluna-Pinus »Highmoon>. Fig. 43, 
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below illustrates its stratigraphy. At the bottom of the bog there 
is a thin shallow-water deposit which contains a sm all-lake diatom 
flora, as the diatom table XVIII, Johannes 549- 551, shows. The 
diatoms are of the Ancylus regression phase, when the basin of the 
bog had already been isolated and become an independent small 
lake. After this the formation of peat begins on the site and conti
nues uninterruptedly to the present time. The maximum limit of 
the Littorina transgression is below the level of the bog or 19 m. This 
bog already proves that my former figure (26.6 m. above sea-level) 
is considerably tao high for the Littorina limit. In the neighbouring 
area, at Somme, the Littorina limit, identified stratigraphically, 
was a little less than 17 m. above sea-level. At J ohannes the Litto
rina maximum is at least slightly lower than at Somme. According 
to Leiviskä (1. Leiviskä 1934) the be ach representing the Littorina 
Sea maximum at Kaislahti, situated close to Somme, is 19.2 m. above 
sea-level, and at Kirjola in the parish of Johannes 17 m . above sea
level. The latter locality is close to my own observation sites, so that 
this 17 m. shore might possibly represent the maximum limit of 
the Littorina Sea at the t ime of highwater. The Kaislahti beach , 
19. 5 m. above sea-level, on the other hand is at least 2. 5 m. above 
the actual Littorina limit, as the stratigraphy of . the Somme peat 
bog proves. 

On the basis of the record of 
bogs pr~sented in my former 
paper I pI ace the Littorina 
maximum here, too, in the L II 
period. In my former investi
gation I placed the Ancylus 
regression limit at the 14- 15 m. 
level. This figure , however, is 
too high, as according to the 
stratigraphy of the Rantasuo bog 
(E. Hyyppä 1932, page 144) the 
range of the Littorina trans
gression attained a larger extent 
than the limit of 14-15 m. 
for the Ancylus regression 
presumes, seeing that the Litto
rina maximum is only 16- 17 m. 
above sea-level here. The 
stratigraphy of the Rantasuo bog 
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Fig . 43. Plofil e of the R evonsaa l'i 
t ag . Analyst K. SaJminen. 
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neeessitates the minimum limit of the Aneyllls regre::;sion at abOllt 
11- 12 m. uboye seu·lcvel. 

Aecording to tbe excavation repo1'ts of tlle Finnish Xationa l 
~luseum (K;\1. 9416: 8- 10 and 9564: 2] - 25) thc lowel' limit of thc 
Myllykangas cl \\'elling place at the village of Kaij a la . parish of Jo · 
hannes. is 12 m. a bove sea-level. This cl\\'elling place represents 
the later part of the typieal comb-eeramie eultlll'e (II: 2). On the 
adj aeent site of discovery a t Väntsi (KM. 9354: 1- 4 and DJO(i: 
1- 256) the principa l dweIling zone of thc older type of the same 
cOll1b-ceramie clI ltmc ( U: 1) lies at [ ·L i - I:3. :; 1l1. abovc sea-le \'e l. 
On the same s ite thc style Jl: 2 remaim; belo\\' the 14 111. le\-el anel 
debased comb-cel'Cllll iC' cl\\'elling plaC'e::; 13 .~- 1:3 m. abO\'e sea-Ievel. 
the 10\\'er limit heing 12 .5 m. abo \'e sea- Ieve l. The 100\'e1' limit of 
the eord-C'eramic eult lll'c I<; 10.5 m. abo\-e sen-Ieye l. 

It is pa1'ticularl)' \\'Olth noting timt the a ho\'e cOlllu-cel'amic 
d\\'clling place;.; pal't1y o\-er leLp, according to archaeolog.v. and that 
they are duste rec] at almost the same le \'ek Th e earl,\' eomh-ce
ramie ('ultllre. \I'hieh Hceom panies L Il . ha t; not heen found here. 
but judging by thc fi nds at Häyrynmäki near \ 'iipuri it cannot bc 
1l1ueh abO\-e the typieal cOllllJ-ce1'amic leyel ( 14. :; Ill. abO\' e sea-le \·el). 
On the basis of t~e aho\'e \\'e obtain tbe resliit that L II and L [L1 

are yertieally dose to cach othe1' here . 
The upper limit of the t,"pieal eomb-ceran,ic (' ulture it; [4. ~) m. 

above sea-level at Joh annes. S. of H,antasllo bog thcre is Cl boulcler 
1'ampart piled up b? the iee \\'hieh is l+. s- I ;) m. above sea-IC\' el. 
The leyeb of the typical co mb -ceramie cultl1l'c anel of this beach arE' 
so dose to eac h othE'l' thai they may possibly bclollg to the same 
Hhore-Jine 01' L IU. K of the 1'oad leacling from .Johannes 1'ail"'ay 
station to tile :;ea-shore I establishecl a ralllpart of hOlllde1'::; piled 
LI p hy the ice. the foot of ",hieh is 12. ~ m. abo,'e sea-leyc l. Th e foot 
of a slight \1'aYP-('lIt eliff at t he E. eclge of HantaSllo abo lies 12 .'" m . 
ahm'e the sea. On the basis of the st1'a tigl'ap hy of Hantasl10 these 
latter shoref! belong to the Litiol'ina periocl a mi are best placecl in L 1\' . 

Pienjärvi Bog. 

1'he bog is situated about a km. E. of the ,"illage of Kaijala; it en
circles a ponel of the sa me name (im'estigation area Xo. 67). It 
il' a Cm'ex-Equisetum »LO\I'moor» in type. Fig. ] , page] 5, illustrates 
itH st1'atig1'aphy . At the uottom of the bog th el'e is sand and loa m}' 
I'ancl I"hieh belong to tbe late-Glacial periocl. In this sediment 
a pollen composition is founel that is typical of the late-Claeial pm'iod. 
The dia.toll1 ana l?sis also clisclosed a 111lll1bel' of brad:ish-\\'ater 
diatom s in this sediment (diatom table XYJlI. ,Tohannes 58a- 60ß). 
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On the basis of the diatolll ana lysis the ,,,hole Yoldia field oi the 
diagram, sampIes 589~606, contains sparse braekish-water diatoms 
of those very species that we found in the Yoldia sediments of form
er bogs. These braekish-water speeies are as folIows: CampylodisC11S 
clype1ts v. bicoslala. C'amjJ!Jlodisclls ec7~eneis (very plentiful in sampIe 
59 L), Coscinodiscns sp., Diploneis interru]Jta, D. Smilhii, Gmmmalo
phora oceanica . Rat:icula humerosa, Nitzschia navicularis (abundant 
in sampIe 59l), N. ]Junclala. N. scalaris, N. tryblionella v. 1.:icloriae. 
The strongest indieation of salinity is eneountered in sampie::; 591 
and 592 01' in the final phase of the Yoldia period. as in the case of 
the Kämärä bog. Further it seems eertain acco1'ding to the diatollls 
of the deposit tImt the wate1' was deepest elu1'ing the ver.v phase, 
in whieh tbe highest salinit.v occurred. Here, therefore, we have 
a marine tran::;gression situated in the latter half of the Yoldia period. 
lf the \l'hole Yolclia period is 1'epresented in this profile, this 
trauHgression peak a Iso signifies the highest level of the Y olelia 
f-lea on this site. The lower part of the profile contains so fe\\' salt
\mtet' cliatol1ls that it cannot be concluded whether it belongs at all 
to t he Y oldia Sea ph ase 01' possibly to a former period. It s110u lcl 
be conside1'ed certain, on the other hand. that the upper part of the 
profile. at any rate from sam pIe 5!)4 upwa1'ds, i8 Yoldia Sea sediment. 

The whole late-Glacial Huccession of the profile represents COIll

parati"ely shallo\\' water accorcling to the diatoms. The thresholcl 
of the basin of the bog is 20~2-! m. above sea-Ievel. In any ('ase. 
therefore , the Yoldia Sea reached above this level hcre. 

Tbe transgressi.on that occurred at the end of the Y oldia peri.od 
is sueceedecl by a s light regression which changes into the Aneylus 
transgression. sampies 588~587. The diatoms p1'ove t his. A cor
l'esponcling change occurs, too. in the lithology of the sediment; 
the fine detritus ooze at .J..] ~3.!) ll1. grades over into clay mixed 
with sand at 3.D~3. 7 m. The Ancylus transgres 'ion maximum is 
abovc the threshold of the bog 01' the 20~2± m. level in this area. 
The 20. ß m. shore-line also invoh'es this. a beach \\'hieh I formerly 
(;onsidered to be the maximum limit of the Littorina Sea. but \\'hieh 
is older than it and certainly belongs to the share-levels of the An
eylus Lake. The basin of the bog became an independent small 
lake, according to the diatorns, in the horizon of sampie 58.J. . possibly 
even slightly earlier. 01' comparatiyely so on after the Ancylus trans
gression maximum. 

I do not possess adequate stratigraphical material for dating 
the other ancient shore-lines that I determined at Johannes (E. Hyyppä 
1932) (31 m. and 35 m. aboye Hea-Ieyel). Probably they belong to 
the Y oldia period. 
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Table XVIII. 

Jo-

A nnl. K. Snlmincn. 549 1 550 1 551 1 5831 584 1 585 I~I 

Aclmanthes Ilexella ... . ......... ... ... . . ....... . .. . 
» v. alpestris . . .... . . . .. ... .. . .... . . 

» lanceolatcl v. elliptica . ... . ........... .. . . 
A./llphora ontlis ........ . ............. . .... . . . . .. . . 

» v. libyca . . . .. . ... . ... ... ......... . . . 
» » v. pediculus . . . ........... .. ....... . . 

A nomoeoneis lollis ... . .... . .................. . .... . 
serians t'. brachysira . ....... . .. . ... . .. . 
. ~)Jhaetophora ...... . .......... . . . .. . .. . 

Caloneis latittsculn ....... . ... .. .. .. ... ... .. . ..... . 
8chumanni(mll v. biconstricla ... . .... . .. . ... . 

» siliculn . ........ . ........ . .... . . ....... . . 
Campylodiscus clypeus v. bicostata ... . .. .. . . . .... . .. . 

eclteneis . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -
» noricus !'. hibemica .. . .. . . . . .. ... .. . . 

Cocc01leis pediculus ... . ... . ........ . .. . . . . . . .. . . .. . 
» placentul!! .... .. ...... . ..... . . ....... ... . 

Coscinodisctts S7J • •••••..••. • ••••.•••.•••••••••• • • . • 
Cyclolella bodclI1icn . . ......... .. .. .. . . . .... . ... .. . . 

comla .......... . .... . . ......... . ..... . . . 
Kützingial/II . . ...... . . . .. . .. . . . . . .. . . . . . . 

» stelligern ............. . . . ....... . ....... . 
Cymatop/eum elliptica . . ...... .. ........ .. ..... ... . 

» 

Cymbel/a 

» 

solen 

!'. hibemic(l. .. . .... . .. . ..... .. . 
v. nobilis .. . .. . . .. .. . ......... . 

aspera ..... . .. . ...... . ..... . .. .... . ... . . . 
cuspidatcl .. .. . . . . . . .. . .. . . . .. . .... . ..... . 
Ehrenbergii .. . . . .... . .. . ..... . .... . ..... . 
lallt ......... . . . ....... . .... . .... . ... . . . . 
pros/ratn .... . ...... ... . .. . .. .. ... . .. .. .. . 
s/lp. . ....... . . . . .. . ... . •... . ........... . 

Dip/oneis dOlllb/ittensis ..... . . . ..... .. .. . .. . . . ... . . . 
» v. subconstricla . . . . . . . . . . . . . .. -

/innica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - I 
il/terruplil .............. .. . ... ..... . . . . . . 

» Z,~~~rhÜ' : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Didymosphenia geillinatcl ...... . .... . . . . . . . . . . . . . . .. _ 

J,'pithemia atgus .... . 
» llyndmanni .. 

intermedia 
Jl uelleri .. 
sorex 

"'1 turgida ... 
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I 
1 

Tetracyclus t({cl/stris .. 
: 1 

- 1 1 
,) ,) l". rholilbiN{ 

KOIVISTO. 

RAT SB l) SHORES. 

Since the publication of my paper in 193:2 I have est ablished the 
following an cient shore-lines in this area. 

Investigation area No. 68, elose to the cemetery : 

Foot of la rgp "'a yc-cut cliff . . . .. . ...... . . . . ... . 
I<'oot of wan'-cut c liH bclo \\" thc fornwl" .. .. . .. . . 
The same about 100 m. \\-. oE t lw fo1'I11C'1" . . .. . .. . . . 

30. " 111. abo\'e RC'I1-1e, "C'l 
26.1 
26.0 

Investigation area No. 69 , elose to the coast road: 

('rest of a large genUy-.·hapcll shore bal" . . . . . . . . . . 19.;' m. abo\"e ,:;pa-kvf'l 
Foot of 11 b onldel"Y wav('-c lI t c!iff . . . . . . . . . . . . . . . .. 1.) . 1 

Investigation al'ea N'o. 70, at thc rail\\"a.\': 

H ighest p oint of a san(ly shore har 16.1 In . Cl hO\'e w·I1-1C'\"l· l 

Koivisto island , l~atala. investigation area No. 7l : 

Foot of wl1n>-cut cliEf ..... . .. . _ .. . ... . . ...... . 

Foot of a "NY distillci " 'avc-cut c /iff .. ........ . 

Foot of a wa\'e-cu t c liff ... ............ ...... .... . 
:-'fpan hcight of a f lat-toppC'(] p lain .. ...... . . . .... . 

9. R 111. abo\'(' ,;('a-le\"C'l 
8.:1 

12. ~ 
13.9 
16. ;, 
20.0 
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Almost all these ancient shores are fairly distinct. They are 
grouped at the following levels: 30. 5 m. , 26 m. , 19. 5--20 m. , 15.9-
16.5 m ., 15.1 m. , 12. 4 ill. , and 8.3- 9. 8 m. above sea-level. From 
the altitude of the shore-lines it is already evident that this is a ca se 
of beaches that are almost on t he same level as at J ohannes. It 
therefore seems certain that the 16 ill. level represents the Littorina 
transgression maximum (L lI) and that the 26 m. shore-line belongs 
to the Ancylus. The 15.J m. level represents L III and the 
12.-1 m . level L IV. The 8 .3-9.8 m. level belongs to the post-Litto
rina period and the 30 .5 m. level to the pre-Ancylus period. I have 
stratigraphical evidence, too , from this area which is important 
especially in regard to the displacement of the shore-line during the 
Littorina period. 

THE RAILWAY CuTTIKG AND STRATIGRAPHY OF THE PEAT BOGS. 

In the railway cutting (investigation area No. 70) a very interest
ing sequence of layers was exposed. At this point the railway cuts 
across a Littorina shore bar (an embankment thrown up by waves). 
The ridge is about 500 m . in length and extends from V,T. to E. , 
damming up a bog on its landward or N . side. On the opposite 
side the ground descends evenly to the adjacent sea. In Fig. 44; , 

page 162, we see the bar at the point of the railway cutting, looking 
seawards . 

3908,- 37 21 
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Photo. ]; . lI yyppü. 

Fig. 4.!. Rail\\'H~- CI'o.' ,'ing a thl'o\\'n-up :shore bar of the Littol'ina Sea about 
0.5 km. 'Y. of Koi"isto station . 'rhe I'odman stand:; on tilc ~ea\\'al'd slopc of 

thc ridgc, at thc I(' \-cl of the peat layel' buricd by i'ancl. 

Fig. 4.5. CJ'os;;-sec( ion of the l'aised Littol'ina shor(' bar shown in tlw pre
ceding figurc. 1 = mixed fol'(,st. peat, 2 = Phl'agmiv's pea(, 3 = Cal'E'x-c1eci

duow; tl'l'C pcat, 4- = shorc sand und ;;hinglc. 

When this railway was built in 1915, a thick Jayer of peat was 
disclosed undernea th a sand Led in the earth cutting. A geologist, 
MI'. J. X. 80ikero , visited the locality and took sam pIes, but I have 
no Imowledge of their subsequent fate . All the information concern
ing the results of th e investigation are confined to abrief diary note 
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(J. N. Soikero 1915), in whieh it is assumed that this is a ease of a bog 
submerged during the Littorina transgression. \Vhen I was studying 
the Koivisto area in the summer of 1935, I knew nothing of this 
earlier diseovery, but found a peat layel' beneath the shore ridge 
referred to, whieh is eertainly the same that Soikero investigated. 
Fig. 45, page 162, illustrates a seetlon of the bar whieh is based on 
six profiles dug ""ith a shovel. 

It will be seen from the drawing that the bog behind the bar has 
beeome partly overlaid by the shore sand and gravel. Fig. 46 and 47 
were taken from exeavation No. 3 and in t hem the quality of the 
material isvisible at eloser range. l1'ig. 48, page 165, shows the 
pollen analysis made of the same digging. 

The pollen diagram reveals at a glanee that the shore ridge was 
aceumulated during the Littorina period. The mixed oale forest 
field of the diagram provides irrefutabJe evidenee of this. The forma
tion of peat began on this site at the time of the Ancylus regression 
and sti ll eontinued undisturbed during the beginning of the Littorina 
period. The Littorina transgression, however, already raises the 
sea at the time of L I to the level of the bar. Proof of this 
is provided by the thin hen of shore sand and shingle whieh 
was deposited on top of the peat during L 1. The material is 
elearly stratified and eontains sma11 quantities of Clrammatophora 
oceanica and E]Jithemia turyida (sampie 321). The oeeurenee OI 
Grammato7Jhora oceanica in this layer proves marine eonditions of 
origin. On the basis of the pollen analysis the date of the bed cer
tainly falls within the early part of the Littorina period. I am unable 
to establish the beginning of the Littorina period quite exaetly on the 
basis of the diagram, espeeially as the pollen has been depositen in 
the litt oral zone. 

This shore deposit extends, as will be seen from the figure 45, 
some distanee on to the bog behind the embankment. Towards the 
middle part of the bar this shore deposit rises higher, while at the 
same time the peat layer of the Aneylus regression period below it 
beeomes thinner. vVe see from Fig. 45 that at seetion No. 4 the 
shore deposit is 14- 14.5 m . above sea-level. As this excavation 
is almost at the highest point of the shore ridge, the 14.5 m. level 
may be eonsidered the maximum height of the shore deposit 
aeeumulated during the L I phase. The sea-level during L I did 
not rise above this level even at the time of highwater exeept, 
perhaps, oeeasionally during floods eaused by heavy storms. 

After LI a regression oeeurred, as is proved by the peat layer, 
12-15 ein. in thiekness, above the shore sand. The lower part of 
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Fig. 46. Seetion in. the 

l'holo E. Hyyppii. 

Littorin.a shore ridge at Koi,·isto, point Xo. 3 in the 
former figurc. 

Photo E. Hyyppi'. 

Fig. 47. ' Vall of thc seetion shown by the form('r figure at eloser range. 
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the bed is pure deciduous tree peat. In the upper part of the peat 
layer, on the other hand, thin intercalations of sand are a sign of a 
new transgression. The sea soon rose again to the level of the 
shore bar and higher this time than during L I, for a layer of shore 
sand and shingle, 70 cm. thick, follows in the succession of strata, 
containing stones about 1 cm. in diameter. The material is clearly 
stratified and the beds dip landwards . There are wood pieces and 
other organic remains in the sand. It is in all respects a 
typical shore deposit. Its marine character is proved , in addition 
to the position of the ridge itself, by some diatoms. In the lower part 
of the shore deposit (sampIes 316 and 317, Fig. 48) Cocconeis 
pediculu , C. sculellum and rJrarmnatophora oceanica occur sparsely. 

m 25.m (0 20 50 <0 50 fiO 70 80 90 (00 " 

},ig .48. 

Fig.49. Fig.50. 

Fig. 48. Profile of the Littodna baI' in Koivisto railway cut ting . 
Ana lyst ~L SaJmi. 

Fig. 49. Profile of the bog behind the Littorina l:ar at K oi\·isto. 
AnaJyst S. Itkonen. 

Fig. 50. Profilp of the SUurjäL'Yi bog. Analyst ~. ::\fassinen. 
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According to the pollen diagram this transgression culmination, 
too, falls clearly within the Littorina period and at any rate its initial 
phase belongs to LII. At the top of the sequence of strata there is 
a layer of pe at which is younger than Littorina. The bog was only 
able to spread on to the shore bar long after the shore-line had 
finally receded hom this site. 

The upper beach deposit of the shore bar which represents LII, 
at any rate mainly, lies at the highest point of the ridge 16.1 m. above 
sea-level. This level therefore represents the LII maximum at this 
place. From the list of raised shores we see that there are other 
ancient beaches corresponding to this level at Koivisto which con
sequently also belong to the LII shore-level. 

In the sequence of layers of the bog behind the bar there are also 
faint indications of the proximity of the shore. Fig. 49 , page 165, 
illustrates the stratigraphy of the bog behind the ridge. The profile 
was taken from a place near the digging No. 1 (see Fig. 45). We see 
hom the pollen diagram that there is a bed of limnotelmatic Carex
Phragmites peat, 0.8- 0.0 m., between forest peat layers in the 
sequence. This peat layer is situated in time in the initial part of 
the Littorina period and represents LI or LII. During Ln the 
surface of the sea was higher, so that this telmatic peat layer is 
more likely to have been formed by it. The influence of the Littorina 
Sea is, however, very faintly recognisable in the bog. This confirms 
the observation already often made that the average water height 
lay considerably below the level measured on the basis of the 
shore marks. As all the time, we were naturally in this case, too, 
dealing with levels determined by means of the shore features, when
ever they were available. 

On the seaward side of the bar L I and L II cannot be distinguished 
from each other, wh ich is intelligible, as the abrasion cluring the 
transgression destroyed the peat layer that was formed during the 
regression between L I and L 11. Only the peat grown during the 
Ancylus regression is left, as is proved by the pollen analysis of 
the peat layer that I made. At excavation No. 6 the upper part 
of the peat, e. g. , contains flora typical of the Ancylus regression 
period: Pim~s 63 %, Betula 23 %" Aln'u,s 12 %, Corylus 2 %. In the 
shore sand a bove the peat there is an abundant admixture of peat 
detritus on the seaward side which proves the marine erosion ref81Ted 
to. 

The 10\\"er limit of the peat layer of the Ancy1us regression time 
is 13 m. above sea-level at seetion No. 6, but it obviously extends still 
lower, though I was not aLle to cletermine its lowest limit. It is cer-
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tain that the Aneylus regression limit is below the 13 m. level here. 
The lower limit of the regression between L land L II ean again 
not be estimated, as the abrasion has removed the peat layer that 
represents this regression entirely from the seaward side of the shore 
bar. 

I am eonvineed, however, that at any rate a small regression 
oeeurred here du ring the time between L land L II. It eannot be 
very large at Koivisto , as in the J'ohannes and Viipuri areas, for 
instanee, I have so far not found any sure signs of it. Seeing the 
exposed situation of the Koivisto shore bar it might , naturally, he 
conceivable that the two transgression layers in the ridge are only 
signs of storm floods . There are such phenomena particularly in the 
region of the Karelian Isthmus, whieh naturally necessitates great 
caution in explaining formations of this kind. I have strong support, 
however, from elsewhere in the region of the Karelian Isthmus for 
the opinion that between L land L TI there is actually a distinct 
regression of some duration here. We will deal with these cases m 
the next investigation areas. 

This conelusion also obtains strong support from elsewhere in 
the region of the Baltic. It is especially interesting to compare Koi
visto with the Littorina shore bar at Snoder on Gotland. This com
parison is all the more convenient, seeing that the Littorina maximum 
(L II) is at the same level in both plaees 01' roughly 16 m. above sea
level. It was already in 1927 that L. von Post obtained exactly the 
same result as regards LI and L II on the basis of the stratigraphy of 
the Snoder Littorina bar and the Mästarmyr bog behind it as I did 
at Koivisto. L. von Post deseribed the Snoder bar already in 1903, 
but was inclined at that time to explain the double character of the 
ridge as being due to storm floods. In his paper of 1927, howevel'. 
he proves quite eonclusively by means of the stratigraphy of Mästar
myr that this is a case of two actual rises of the sea-level, in the time 
between which the shore-line receded. The earlier of these trans
gression peaks is L I whieh extended to about 15 m. above sea-level , 
amI. the later is L II which is 16 m. above the sea. L. von Post's 
and my L land L II also correspond to each other as regards the 
pollen chronology , as according to v . Post L land L II are situated 
in the first half of the Littorina period preeisely as with me . 

I have already mentioned that the 26 m . shore-line at Koivisto 
represents the Ancylus transgression maximum. This result, too, is in 
harmony with the one obtained on Ootland. According to H. Munthe 
(H. Munthe 1910, 1925) the 26 m. Aneylus iso base passes through 
Snoder. This loeality again, as already stated, eorresponds exaetly to 
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Koivisto in regard to the displacement of the shore-line. I also possess 
stratigraphical support for the dating of this 26 m. shore. Fig. 50 , 
page 165, represents the stratigraphy of the Suurjärvi peat bog in
vestigated by me on the Koivisto island (investigation area No. 72). 
The threshold of the bog is about 25 m. above sea-level. The accumul
ation of peat could only have begun on this site at a time subsequent 
to the 26 m. level 01' after the Ancylus transgression peak. Accord
ing to the pollen diagram the paludification began during the 
fina 1 phase of the Ancylus regression, so that the stratigraphy of 
the bog is in accordance with the view that the :?6 m . level represents 
the local Ancylus transgression maximum. 

I also identified an ancient shore-line in the Koivisto area at 
] 9. 5- 20 m. above sea-level, thongh it is rather inconspicuous. This 
beach is of pre-Littorina date , but later than the actual Ancylus 
tran gression. 

}IAKSLAHTI. 

N. of Koivisto at Makslahti (investigation area No. 73) I also 
identified so me ancient shore-lines. ('lose to the harbour of :!\1aks
lahti there is a wave-cut cliff, the foot of \\'hich is Hi.3 m. above 
sea-level. This beach represents the Littorina Sea transgression 
maximum (L II). Above it there are two others: 25. 8 m. and 30 m. 
above sea-level. The formel' is a distinct " 'ave-cut cliff, the latter 
a doubtful sand plain. On the basis of its level the 25. 'l m. shore
line is the Ancylus maximum and the 30 m . shore is Yoldia as at 
Koivisto. 

According to 1. Leiviskä (1934) the Littorina shore-line at Röm
pötti is 16.5 m. and south of Kukkola 17 m. ahove sea-leyel. These 
observations lead, as regards the Littorina maximum , to almost the 
same result a 1 obtained , so that in Leiviskä's case and mine it is 
the same shore-line. Leiviskä, however, did not malze a stratigraphi
cal investigation in order to establish the age of this beach nor did 
he put forward a more detailed opinion regarding the shifting of the 
shore-line during the Littorina period in this area. 

KUOLEMAJÄRVI , KARJALAINEN. 

According to my paper of 1932 L I is 22--::!2. ;:; m. ahove sea
level at Karjalainen and in the neighbouring area of Muurila, L II 
14.7--14.9 m. above sea-level and the hypothetical L III approxi
mately at the L I level. The Ancylus transgression maxinlllm was 

----------------------------- - --- --
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24- 25 m. above sea-level. 1'here are actually raised shores COITes
ponding to these levels in this area, but only the dating of the 14.7-
14. ü m. beach is correct. According to my present opinion the 
L I of that time should be the Ancylus transgression limit and the 
Ancylus (24-25 m. above sea-level) the Yoldia. 1'he former erro
neous dating was due to some doubtful signs of transgression that 
certainly belong to the Littorina period and are difficult to under
stand except as caused by the sea. I am now convinced, however, 
that these formations did not arise at any rate at any constant level 
of the sea. Evidently they are caused by very violent occasional 
storms. 

1'he peat bogs that I investigated at Karjalainen are situated 
behind a large chain of shore bars and dunes. Already in the Litto
rina periocl these mighty accumulations severed the open connection 
of the bog basins \vith the sea, the influence of which was slight m 
the lagoons Iormed in this way. 

A sequence of la.yers , however, discloses important details in 
the displacement of the shore-line. I refer to the profile that I took 
from the Ahvenjoki ravine which I published in my previous paper. 
I have now examined this succession of layers afresh in order to obtain 
1110re precise results than before regarding the changes of the shore 
in this area during the Littorina period. 

THE AHVE~JOKI CUTTING. 

Ahvenjoki is a little strea.m flowing from the cultivated bog area 
on the west of the village of Karjalainen to the sea. The stream, 
which was subsequently deepened, flows across the system of shore 
bars alld dunes that separates this bog area from the sea. In this 
cutting (investigation area No. 74) the succession of layers was ex
posed that is illustrated in Fig. 51 , page 170. 1'he more exact 
position on the map is shown in my paper of 1932. 

At the bottom of the cutting there is coarse gravel, of which 
only the upper part could be examined owing to the underground 
water. Sampie 409 is from this layer. It contains lacustrine diatom 
flora of small water (diatom table XIX, Ahvenjoki cutting), in which 
the genera Eunotz:a anel Pinnularia predominate. Judging by this flora 
t.he site belonged to the shore zone of a small lake. 1'he sea coast 
was situated at that time below the level of the layer (9.7 m. above 
sea-level). According to the pollen analysis this bed belongs to the 

3908,-37 22 
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transition zone from Ancylus to Littorina, either to the Ancylus 
regression 01' the very beginning of L 1. In both cases the layer proves 
that the Ancylus regression limit is belo\\' the 9.7 m. level here. 

This is succeeded in the se
quence by a stratum representing 
the L I transgression peak, sample 
4l0. It eonsists of fine detritus 
ooze mixed with sand and eontains 
typieal Littorina diatoms that 
lived in shallow water. On the 
basis of its pollen content, too , this 
layer elearly belongs to the begin
ning of the Littorina period. L I is 
followed by a regression, to whieh 
a 30 em. thick Phragmites peat 
layer bear witness , 2.6-2. 88 m. 
The basal portion of this layer was 

Fig. 51. Profil e of thp Ahvenjoki laid down I'n shallow water elose to 
cutting. Ana.lyst K. SaJminen. 

the shore, as sampies 411 c and 
411 b eontain diatoms. Sam pie 411 e also contains Littorina species, 
so that the sea shore was then at least at the level of the bed 01' in 
round figures 10 m . above sea-level. When sample 411 b was depo
sited the site was separated from the sea and sampIe 411 aalready 
represents almost tenestrial eonditions, when the average level of 
the sea was, perhaps, slightly below the 10 111. level. 

The regression so on turns to a fresh transgression , the maximum 
of whieh falls within sampie 413 on the basis of the diatoms. Thi 
transgressional maximum is L II anel 1'epresents slightly deepel' 
water than the L I eulmination. tTuelging by the diatoms (see the 
diatom table) , howeve1', the height differenee between both these 
eulminations was not large. In any ease it is certain that the 
marine influenee is feIt more strongly during L II than during L I 
and that L 11 is the peak of the Littorina transgression here, too. 

The L lT pha e is sueeeedeel in the sequence by L UI, though 
it cannot bc distinguisheel preeisely from L II in this profile. Between 
these phases there does not appeal' to be any considerable regression , 
at any rate here. The L II--L III sueeession ends in a layer, sampie 
-t.l G, whi eh. on th e basis of its eliatoms as weH as of its lithology, 
proves very shallo\\" \\·ater. This is followed in the sequence of strata 
by a sand beel that possibly inelieates a fresh rise in the surfaee of 
the water. Above the sand layer there are shingle and pebbles be
tween whieh there are b,'o thin sanel beds eontaining peat detritus. 
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Table X IX. 

Anal. K . Sa lmine ll . 

Aehnnnthes bre!;'ipes v . inter media .... . . . 
» dis par ............ ..... . . . 

Amphora arenicolrt v . maior . ......... . 
e01nnnäetta . ........ . ...... . . 
cmciata ................. ... . 
owlis .......... . ..... . ..... . 

v. libyea ............ .. 
» » v. pediculus .. .. . ... . . . 

Anomoeoneis S1Jhaerophora .. . ......... . 
v. polygramma . 
v. swlpta .. . .. 

Caloneis amphisba~na ................ . 
obtusa .... . ... . ............. . 
permagna .. ..... .. ......... " 
S ehu111anniana v. bicontsricta . . 

» silicttla . .... . ............ . .. . 
Campylodisws clypws . . ............ . . . 

» v. bicostata ..... . 
» echeneis ... . . . .... . .. .. . 

Chaetoceros sp. . .......... . .......... . 
Cocconeis disculus . ... ... . ...... ... . .. . 

pediculus ................ . . . 
placentula ............... ... . 

» swtellwn . .... ... ... . .. .. .. . 

Ahvenjoki cutt ing 
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didyma ........ . ..... . ..... . 
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intermpta . ... . ........ , .. . . . 
Smithii ......... . . .... ... . . . 

1' . rho1l1bica .. ....... . 

Epithemin argus ........ .. ......... . . . 
Hy ndmamü ....... .. . . . . .. . 
intermedia ..... . ........... . 
Mttelleri . .. ..... . .. . ...... . 
sorex ............ . ........ . 
turgida . .............. . .. . . . 

!;. granulata ........ . 
» r. 1T'ester11lal1n1 ... . . . 

zebrn . . .. .. . ............. . . 
» » t· . porcellus .......... .. 

Ewwtie! spp . . ............ .. ...... .. . . 

Fragilaria s)J)J .. .. . . ... .. . ..•... . .•... 

Gomphonellla aWlilinatwl/ . . . . ... . ..... . 
» t'. coronata .. . . 
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Gyrosigma atlel,uatwll .... . . .. ... ..... . 
brt/tiCUln .. . ... . . . . .... . .. . . 

llantzschia SJ! . . ... . .. . . ..... . .. . .... . 

Jlastog/oia Braunii ....... . . . .. .. . ... . 
elliptiat ....... . ..... .. ... . 

» t· . dansei .......... . 
8mithii ....... .. ........ .. . 

1'. fl/IlJihicephflla .... . 
» l' . Irl rllslr is ... .. .. . . 

JI elosira arena ria ... . ...... . ......... . 
gl'amtlala . . . ... . .. . . ........ . 
is lalldica st!bspec. !telL'eticn .. . . 
italica . ..... . " .. , . " ... . ... . 

» t'. t'nlida . . . . ... . ..... . 
Juergpnsi ....... . ....... . . . . . 
ulonili/orm is . .. . . . ....... . .. . 
SIJ]J· . .... .. ..... . . .•....•... 

S aricu/a wi/ericana ............. . .. .. . 
crucicu/a .... .. ... . . .. ... .. . . 
cl/spidala " ..... . .. " ...... . . 
elegalls ......... . ....... . . . " 
InllllcrOS(! . ..... ....... .. .... . 
libellus " ... .. .............. . 
peregrina ......... .. . .. .. . . . . 
placentuln ..... . . ........... . 

1= 
platystoma .................. . 
pupu/a v. Tectangttlaris .... . .. . 
pt/sillet . . .. . ........ . ... ... . . 
pygmaea ........... .. . .. ... . 
ThYllchocepha/a ....... ..... . . . 

» ttlsctt/a . .. . .... . . . .......... . 
~\ ' itzschia obluM! ......... . .. .... . . ... . 

sca!aris ..... . .... .. .. . ..... . 
tryb/ionella .......... . ...... . 

Pinllltlflrill spp . . ..... ... ....... . . ... . 

Rhoicosphenia cun;ala . .. ....... ...... . 
Rhopalodia gibba ......... . .. ..... . .. . 

//lusculus . . . .. . . . .. .. .... . . 

51 
1 

-I 

Slat/Toneis 7Jhoenicenleron ...... . . . ... . . 
Suril'clla ol;(lIis ... . ... . ....... . ..... . . ~ I 

ovata . ........ . ... . . .. . . ... . 
t·. crwnena . .. ..... . ... . 

peisonius . .. ... ........... .. . 
» siriatttla ....... .. .. . .. . .... . . 

Synedra attinis .. .. .... . . .. . .... . ... . . 
J}1/1chellet . . .. . .. . ......... . .. . 
Sp . .. .. .. . ........•....• .. .. . 

?::abellaria . spp. . ......... . .. .... .... . . 
1 ropulone!s sp. . ........ . . ....... . . . . . 

Alwenjoki cutting 
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These layers prove that at that time the shore-line lay approximately 
at the level of this part of the profile 01' about 11- -12.7 m. above 
sea-level. I also have raised beaches in this area that are 11 m. and 
12.3- 12.7 m. above sea-level. On the basis of their level these shores 
might very weU represent the L IV phase, but I do not possess suffi
cient stratigraphical material in support of this view. 

The profile of Ahvenjoki leads to exactly the same result in re
gard to the displacement of the shore-line during the Littorina period 
as the profile of the Koivisto railway cutting. The Ahvenjoki pro
file proves quite conclusively that there was a regression here between 
L land L II that lasted for a comparatively long time. The lower 
limit of this regression preceding L II is , perhaps, slightly below the 
] 0 m. level. 

Besides the foregoing I determined some new raised shores be
longing to L II here that are 14.3 m. and 14.4 m . above sea-level. 
According to these and to my former measurements the average 
upper limit of L II is 14.5 m. above sea-level at Karjalainen. During 
L II, therefore, a transgression of at least 4.5-5 m. occurred here. 
It is difficult to estimate the minimum extent of the transgression 
during L I , as the upper limit of L I cannot be established precisely 
here. 

INO. 

In my former paper (1932) Ino was a crucial area, as it was clearer 
there than anywhere else that the Littorina Sea encroached upon 
the land on the Karelian Isthmus, for a whole bog was submerged 
du ring the Littorina transgression. In this transgression I distinguished 
three culminations, the last of which (the L III of that time) was 
lügher than the others. I came to this conclusion on the basis of a 
deposit, in which there are sand beds above the peat up to 18 m. 
above sea-level. These accumulations are certainly of the Littorina 
period, but it is difficult to explain their origin quite satisfactorily. 
Probably they are best explained as having been piled up during 
severe storms from sand carried partly by the breakers, partly by 
the wind. The similaI' accumulations at Karjalainen are contempor
aneous with the former , so that in both areas these deceptive )shore 
marks) are to be accOlmted for by common causes. 

I measured the maximum limit of the Littorina Sea at Ino earlier 
on the basis of these features and obtained far too high a level. 
It was also misleading that there are true beaches at Ino at the level 
of these apparent transgressional formations. These ancient shores 
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however, belong to the Ancylus and Yoldia according to my present 
opinion. The Littorina maximum is much lower at lno , as can al
ready be inferred on the basis of the previous inve ·tigation areas. 

I have many elevated shore-lines, too , at lower leyels. They are 
rather doubtful, however , and are situated at different levels , so that 

Photo K Jlyyppii. 

Fig. 52. i'ihore cliff of the Littorina Sca at Blinälä, \V. of Ino. Thc 
fo rmation of the cl il'f began ltl!'cady at the late-Ulacial wutel'-len'ls; its 
cutting was accomp lished by the LittOl'ina Sea. The foot of the eliff is 

now on an a\'el'age 10 111. abO\'c sea-lc\'el at 1 he L 1\- le\'el. 

Photo 1::. HYl'ppil. 

Fig. 53. Wayc·cut cliff of a late-Glac ia l raised shore-Une Lg IX at Ino, 
17- Hl m. abo\ e sea-level. 



E.lJ.IJ.lJppii: Post-Glacial OhaJlges of Shore-Line in South Finland. l75 

it i diffieult to eonelude on the basis of the morphologieal data, 
whieh of them possibly represents the maximum of the Littorina 
transgression. The following of these shore marks may be mentioned: 
10- 11 m., 12.5 m., 13-13.5 m. anel 15- 16. 5 m. above sea-level. 
A bove these lie the large wave-eut eliffs already referred to , the foot 
of whieh is on an average 17-19 m. above sea-level (see Fig. 53). 
These beaches are situateel partly in front of the Ino fortifieations 
anel partlyon the eoastal slope east of it. \Vith regard to a more 
detailed description of the shores I merely refer to my preyjous study 
(E. Hyyppä ] 932). 

These same shores appear in the levelling profiles published by 
1. Lei \' iskä (1934) anel he eonsiders the 12.6 m . leyel to be the Litto
rina Sea limit. He did not procluce any stratigraphieal evidenee in 
support of this dating. Neither ean I establish by means of the stra
tigraphy of the peat bogs at Ino. which of these shores is the maximum 
limit of the Littorina Sea. Aeeording to the results obtaineel in the 
previous are}1 (Karjalainen) it might. indeed, be taken to be about 
12- l3 m. above the sea here. There are several raisecl shores at 

1110 within this vertieal range, so that these evidently represent the 
maximum limit of the Littorina Sea broadly considered . In the 
neighbouring area of Vammel uu I am able to base my identifiea
ti on of the maximum limit of the Littorina Sea a1. 0 on the strati
graphy of the eleposits. The result obtaineel at Vammel 'uu is also 
applieable to Ino, as these plaees are on the same isobase. Before 
dealing with Vammelsuu , we will ex amine the stratigraphy of the 
Ino bog whieh throws some light upon the sueeession of the ehanges 
in the shore-line in this area. 

Ino Bog. 

Fig. 54, page 176. illustrateR the profile bored of the Ino bog (in
vestigation area No. 75). \\' ith regarcl to the detailed trueture of 
the bog I refer to my former paper. I took the present profile later 
(lfl35) and by means of it I am able to obtain a more eorreet idea 
tban before of the displaeement of the shore in this area . 

The bottom strata of the bog are very watery slimy elay of whieh 
no sampIes eould be obtained. Nevertheless, they eertainly belong 
to the late-Glaeial period. l?rom sam pie 288 upwards the sediment 
(elay ooze) may possibly already be an Aneylus Lake deposit. The 
next su bjaeent portion of the clay ooze is plaeed in Y oldia. I eannot, 
however. eonsider this dating absolutely eertain, as the only signs 
of marine influenee in the investigatecl sam pies are eampylodiscus 
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echeneis , Coscinodiscus sp. anel Gmmmatophora oceanica (eliatom 
table XX, lno bog) whieh oeeur very sparsely. In my paper of 1932 J 
mentioneel that , among others, Campylodiscus clypeus anel Nitzschia 
circumsuta , whieh are eharaeteristie Littorina Sea speeies , oeeurreel 
In this »Yolelia deposit». N ow 1 founel no traee of these speeies in 

this part of the profile, so that it 
is eertain that these speeies were 
introelueed into my earlier sampIes 
by the borer from the higher Lit
torina ea neposits. 

The Aneylus deposit of the 
profile eontains the same type of 
flora in its lower part (sampIes 
288, 287) as the »Yolelia» elay ooze 
beiow it . 1'he only differenee is 
that there are no marine speeies at 
all in sampies 288 and 287. 1'his, 
however , does not signify an essen
tial differenee, if the seareity of 
marine speeies in the »Y oldia» ho
rizon is borne in mind. 1'he boun
dary between the Aneylus and 
late-Glaeial periods is not elear in 
the profile. It is possible that the 
clay ooze belongs entirely to the 
late-Glaeial period. It seems eertain 
on the other hand that sam pies 286 

Fig. 540. Profil e of the Ino bog. --282 are Aneylus Lake deposits , 
Analyst ::\L Salmi. 

seeing that they eontain typieal 
Aneylus diatoms, as the diatom table shows. The Aneylus trans
gression maximum extended here eonsielerably above the present 
level of the sea and, to judge by the diatoms, also higher than 
the Littorina maximum. 

The Aneylus transgression is sueeeeded by the Aneylus regression , 
as is shown eonvineingly by the sueeession of strata in the bog: 1) fine 
detritus ooze, 2) eoarse detritus ooze, and 3) terrestrial peat. Pre
viously I had obtained the figure of 2 m. above sea-Ievel as an ap
proximate estimate of the Aneylus regression and I see no reason 
for altering it at present. 

The terrestrial peat is followed by the L I peak of the Littorina 
transgression, represented by the eoarl'e detritus ooze, 2. 8-3.0 m. 
This deposit eontains typieal Littorina Sea di:'Ltoms (sampIes 277, 
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276) "'hieh prove that the water was shallow . The qllality of the 
sediment proves the same, for it eontains a lot of peat detritus and 
much humus. The transgression maximum durulg the L I period 
falls within the horizon of sample 277. 1'he diatoms of the next 
sampIe (276) prove that the shore had again begun to retreat. The 
retreRt eontinues and another layer of telTestrial peat is formed on 
the site. At that time the shore-line was at the most 3.2 m. above 
the sea, to judge by the eontaet between the ooze and the peat. This 
eontaet sllrfaee was, of course, formerly slightly higher , as the strata 
have become eompressed in the eourse of time. It is probable, 
nevertheless , that the lowest limit of this regression is not above 
the ± m. level. 

Aeeording to the pollen diagram L land the suceeeding regression 
should he plaeed at the heginning of the Littorina period. The fresh 
transgression of L II that sneceeded t,he regression and is visible 
in the suecession of strata from sampIe 269 onwards, should also 
be referred to the first half of the Littorina period. In my former 
paper r placed the heginning of the Littorina period at this point 
of the profile whieh was due to no diatom analysis having been made 
of the coarse detritus ooze of L 1. so that the marine charaeter of 
this bed was not reeognised. This layer, indeed , appears in my pro
file:; made at that time. It eannot be estahlished with equal elarity 
throughout the whole bog. 

'fhe L II transgression culmination reaehed a Jügher level at 
J no. too. than L 1. This i8 proved both hy the quality of the deposit 
and its diatom f lora. At the beginning of the L TI transgression the 
deposit is coarse detritus ooze. but passes over into highly eharae
terist.ic fine detritus ooze from sample 267 up\vards. At the point 
of this sampie there is a slight transgression eulmination, as is seen 
b." thE' ellrve for the change of the shore-level in the diagram. The 
transgression maximum. hO\\"ever. only oceurs higher, in the part 
of the profile bOl1nded h." sampies 26+- 261. When the upper part 
of the Littorina sediment was deposited, sampie 257 , it seems, judging 
b.v the diatoms, tha t a slight tmnsgression oeeurred again hefore 
the sea finally receded from this pIaee. 

The upper portion of the Littorina Sea sequenee of the Ino bog 
(:-:ample ' 269- 255) would thus eontain three transgression peaks 
according to the evidenee of the diatoms. I distinguished these al
ready in m." pFtper in 1932. The possihle regressions between these 
culminations ean, however, only he e ·tahlished very vaguely in the 
clevelopment of the diatoms. For this reason it is ummrranted to 
dra\\" an." very detailed ronelusions regarding the displaeement of 
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T able xx. 

lno Bog 

Anal. K. Salminen. ~ _oa 2j(j \ 2,17 I 2':>8 250 ~OO I 201 

Ac/wanfhes bn"Vipes v. inter/llcdill ... . .. . . · . .. . . . . . . I -I - ! I 
Aetinocyelus Bhrellbergii t· . erassa · . . . . . . . · . . . . . . . · . 1 1 

}) }) 1". tenella . ............... . . 
I 

1 
. 1m)Jlwra aren/cola L iI!{/jor -, . ...... . ... . .. . . . .. . .. 1 1 

~ I 
:2 1 

}) eOllumd(lla . ....... .. . . . . - .' , ...... . ..... I 2 3 3 1 1 
}) o'Valis . . . . , . . 0" • . ... " · . . .... . · . I 1 1 I 1 

I 
}) }) v. Zibyca ...... . ... . ... -. · ... . ..... -
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the shore-1ine on the ba 'is of the d iatoms. So m uch is certain , ho\\'
ever. t hat the part of the sequence of strata bounded by sampies 
264- 261 l'epresents the absolute maximum of the Littorina trans
gression here. I am also convineecl that this maximum falls within 
the L II pet'iod. It is possible, too, that L III is vertieally so elose 
to L TI here that it is situated in the later part of the transgression 
zone referred to. L IY, again, I have plaeed at the end of the Litto
rina period as in the other profiles . The small transgression eulmina
hon should be referred to t he same point aeeording to the evidenee 
of the diatoms, as already stated. This may signify a sligh t shifting 
of the shore-line landwards du ring the L 1V period. 

V AMME] ,SDU. 

Here I identified sevel'al beaehes. Quite elose to the sea (investiga
hon area No. 76) there is the foot of a small wave-eut eliff 4.7 m. 
above the sea. Some distanee inland from this there is a shore bar. 
the foot of whieh is 10 m. and the top 11 m. above sea-level. About 
500 m. from the co ast there is another well-defined shore bar, the 
foot of whieh is 11 m. and the top 12.3 m. above the sea. Behind 
this ridge lies a bog. from the stratigraphy of \\'hieh it was obvious 
t hat the bar represent& the maximum limit of the Littorina trans
gression (L II). 
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The bog is a small Sphagnum-Pinv8 »Highmoof) , the stratigra1'hy 
of which is illustrated in Fig. 55, page 184. At the bottom of the peat 
there is a hallow-water deposit, sampIes 476--468, which was laid 
down in the Littorina Sea according to the evidence of the diatoms 
(diatom table XXI, Vammelsuu 468- 476). The transgression maximum 
1a,11s within the part of the profile re]Jresented by sampIes 476 and 
4075. At that time, too, the water was sha110w and the influence of 
the sea was feIt feebly in the basin of the bog, as the association of 
the diatoms proves. It is certain that the Littol'ina Sea did not ex
tend above the level of the bar on the edge of the bog and that this 
shore haI' re1'resents the local Littorina Sea maximum. According 
to the pollen analysis the transgression peak is best placed in 
the L II pet'iod. According to the pollen diagram the hasin of the bog 
was isolated from the Littorina Sea a1'proximately about the middle 
of this period 01' during L I [T. Although this dating is not exact, 
it seems certain that the L IIT reached above tho pass-sill of tbe bog 
hasin 01' about the 10- 11 m. level. L IV on the other hand is below 
this level, as du ring the final part of the Littorina period the growth 
of terrestrial 1'eat !lad already got weIl under way on this bog. The 
shore-line, hO\l-ever. ,,-as situated in tbe vicinity of the bog du ring 
the L IV period , as the simultaneous Alnu8 maximum in the pollen 
cliagram 1'roves. The stratigraphy of the bog further leads to tbe 
view that L I did not reach above the pass-sill of the basin of the 
hog 01' above the ]0- 1] m. level. 
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Fig .. 35. 

Fig. JJ. Profil e of thC' 10. '; met,·(' 
bog. Analyst H. La\'anni. 

Fig. 56. Profile of th 18,4 metr(' 
bog. Analyst K. Ralminen. 

l'he / 8.4 Jlel1'e Bog. 

Fig .. i6. 

The bog lies immediatel,v to the .N. of the l'ail\\'ay ahout .'iUU 111. 

tl.W. of ValYll1leljoki }{'iver. H is a sm a ll »Highlllool") oC'uupying n 
narrow depression. Fig. 56 , above , i ll nstrates its stratigraphy. 
At the bottom of the peat thel'p is a late-Clacinl deposit containing 
very sparsely Campylodiscu8 echeneis (l1lere fragments) . ('oscino
discus sp. and r:rammalophora oceanica (diatom tab le XXl. \ 'allllllel 
job 488- -+00). The pollen f lora of the sediment is also of a late
Glacial type. rt is impossib le to decicle \\'ith certa,inty on the ba::;i::; 
of the stmtigraphieal data \\'hethel' this sediment belongs to the 
period of the Baltic [ce Lake 01' of the Yoldia Sea. The spal'se 0('
eurrence of braekish-watel' diatoll1s doef! not justif,v u::; in refel'l'ing the 
sediment with an)' certaint.v to the Yoldia. 

Instead it seems certain that the bog basin \\'a::; alreacly isola tec1 
during the Aneylns transgression. The fine detritus ooze that J'e 
presents the Aneylus period in this profi le. ami pal'tly too the Litto
rina, is deposited in a 10eal small lake. in the fine detritus ooze 
there are very fe\\' diatoms and these are characteristie species of 
a small water body. The pass-sill of the bog basin is abotl t 1 H 111. 

above the sea. The Ancylus transgression maximum is beIO\\' thi" 
level here. 

-------------- - - - - -
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In the neighbourhood of this bog I levelled an abrasion cliff , the 
foot of which is 20. 5 m. above sea-level. A flat-topped plain extends 
S. of the railway, which is 2ü- 32.± m. above the level of the sea. 
These beaches belong to the late-Olacial period. I am unable to 
determine their age with great eraccuracy by means oi the strati
graphy 01 the bogs. 

Vammelsuu and Ino are onJy 10 km. distant from each other and 
are, besides, on the same isobase. The general direction of the iso
bases is already known here , too , in broad features on the basis of 
previolls investigations. The Littorina limit of Vammelsuu. J2.3 m . 
above the sea, should therefore also apply to Ino. 

In this connection some raised shores t hat I identified at Terij 0 ki 
should also bc mentioned. In the village of Terijoki I levelled a 
slight abrasion notch at 6 m. above sea-level. Below the Russian 
church there is a distinct, wave-cut cliff, the foot of which is 10. :'; m. 
above t he sea. In the W. part of the village there is a wave-cut cliff 
N. of the coast road, the foot oi whieh is 15 m . above the sea. I made 
these measurements in the winter, so that they are not quite exact. 
1 have no stratigraphical eviclenee for fixing the age of these shores. 
The 10. 5 m. shore belongs to the Littorina period on the basis of 
its level ami ean scarcely be much beIm\" the Littorina maximum. 
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At 011 i 1 a , elose to the Russian frontier , 1 established the 
maximum limit of the Littorina Sea at 12.7 m. above sea-level in 
my paper in 1932. I have now again examined my sa.mples taken 
from this locality, the study of the diatoms of which was incomplete 
at that time owing to the force of circumstances. On the basis of 
the evidence of the diatoms the Littorina limit is not at the 12.7 m. 
level here, but slightly lower. I have also an ancient beach here that 
is 11.-1, m. above the sea and one that is 9 m. above sea-level. On the 
other side of the frontier (at Sestrorjetsk) the Littorina maximum , 
according to Russian scientists is 10 m. above sea-level (K. K. Mar
kov and W. S. Poretzky 1934, 1935). The 11.4 m. shore-line may 
be the Littorina maximum limit at Ollila, although even its level 
is, perhaps, too high. This shore was established on the edge of a 
bog. where the exact height of the foot of the cliff cannot be measured. 
Tf the lO m. Littorina limit of the Russians at Sestrorjetsk is correct, 
it should also hold good as regards Ollila. On the basis of the strati
graphy of the Kiiselisuo bog (E. Hyyppä 1932) the Littorina trans
gression peak at Ollila, too , falls within the L IT perioo. 

GENERAL CONCLUSIONS . 

THE l=tELATIOK DIAGRA:\L 

1 have dealt above with the changes of the share-line in South 
Finlanel within separate areas. By means of the raiseel shores anel 
the stratigraphy of the seeliments the levels repl'esenting the post
Glacial phases of the Baltic anel the course of the displacement of 
the shore-line have been establisheel in each area. Having done so. 
the results obtained are to be combined, so as to give a general idea 
about the whole succession of events relating to the post-Glacial 
t;hifts of the shore in South Finland. This is best done by means 
of the ,o-called relation eliagram, as at the same time it affords an 
opportunity of fixing the date of the ancient beaches, for the dating 
of which I elo not possess adequate stratigraphical data. 

Appendix II shows the relation diagram that I have drawn up 
on the basis of the investigations dealt with in the present paper. 
I have includeel a gooel deal of the materials of other scientists. too. 
in the diagram in order to compare my own results with the sequence 
of events established within other parts of the Baltic region . T 
will revert to this compari on later. 
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In drawing the diagram I have employed as a guide level (in
dex-level, level of reference) the maximum limit of the Littorina 
transgression which is the LI shore-level in Uusimaa and the Ln 
shore on the Finnish side of the Karelian Isthmus. I have been 
able to determine the height of these shore-Ievels in the different 
areas with the necessary precision both stratigraphically and by 
means of the ancient shores. The same refers to their point of 
intersection at Säkkijärvi at ]9~20 m. above the sea (page 133). 

It should be noted, however. that the LII shore-level divides into 
two, the earlier. L lTa. corresponding to the older style of the early 
comb-ceramic culture. I: 1. and the later. LITb. to the Jater style 
of the same culture, I : :2 (see page 13]). The LlIa shore-level runs 
through the Säkkijärvi point of intersection (L9~20 m. above sea
level). In Uusimaa it can be supported by the levels of the coastal 
dwelling places corresponding to the early comb-ceramic I : 1 culture 
and by the measured raised shore-Ievels, if LI is used as a guide 
level. The position of the .L IIa surface in the diagram in relation 
to LI will thus be established, so that the former can in turn be used 
as a guide-le\'el in that region. where it form,' the maximum limit 
of the Littorina transgression. 

The L IIb shore-level can be drawn in the liagram in its correct. 
position in the same manner. This is accompanied with the later stage 
of the early com b-ceramic cultme. I: 2. of U lIsimaa. there being 
L'aised beaches representing it in Uusimaa, too (e. g. , in the Helsinki 
area at 24.5 m. above sea-Ievel). The L IIa anel L IIb surfaces in 
tersect each other at 15 m. above the sea, {rom ",hich level L IIh 
becomes the guidelevel for the periphery of the land upheaval and 
l'etains this position as far as the Russian side of the Karelian I sthmus. 
L IIa anel L IIb intersect each other at a very acute angle. so that 
these shore-levels al most coincide on the I sthmus . 

When the shore- Ievels that represent the Littorina transgression 
maximum (in my investigated areal have been placed in the correct 
altitude to each other in the diagram. it is easy to place the other 
shore observations in their proper pJaces. The broken line represent
ing the maximum limit of the Littorina transgression is no\\' the 
index level of the eliagram for the whole area. The altitude of the 
Littorina maximum of each investigation area being kno\\'n, it is 
placed at the point corresponding to this height on the guide level. 
The other raised shores of the area are then placed along the vertical 
line passing through this point at places corresponding to thei1' 
elevation. 
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If the construction of my relation diagram as described above 
is correct, the shore marks placed in the diagram must be arranged 
in such a \\'aY that straight lines, i. e. shore-levels, can be drawn through 
the observation points that belong to synchronous stages. This pre
sumes, of course, that the land upheaval occurred proportionately 
throughout the whole region. 

The shores that I have placed in the relation diagram do in reality 
group themselves in such a way that straight lines representing the 
shore-levels can be drawn through them. In this case, too, the shores 
that are synchronous on the basis of the stratigraphy of the sedi
ments and of the archaeological finds. occupy positions at the same 
shore-level. 

THE SHOH,E·L1<JVELS. 

LITTORINA AND POST-LI'l"l'ORI A SEA SHORE-LEVELS. 

In examining the shore-levels it is best to start downwards and 
upwards from the guide level. I will deal first with the Littorina 
Sea and po t-Littorina surfaces. 

It has ah'eady been demonstrated, how the shore-levels correspond
ing to LI and LH (L Ha, b) were placed in the relation diagram. 
It has also been shown that these surfaces are associated with 
Stone Age cultures. A few words more concerning the latter should 
be said in this connection. 

The Suomusjärvi culture conesponds most closely as l'egal'ds 
its level to LI and perhaps to a slightly later period, but so few finds 
l'epresenting this culture have been made so far that a more exact 
co-ordination to the shore-surfaces is impossible. 

The L Ha shore-level is connected with the older stage of the 
earlier comb-ceramic culture (I: 1). This i!:: very convincingly clear 
from the Stone Age coastal dwelling places investigated in Uusimaa. 
Of the e I have only placed those in the relation diagram, the altitude 
of which is known with sufficient precision and wh ich are established 
definitely as dwelling places situated on the beach. This refers, e. g., 
to the Espoo Stone Age dwelling places (A. Äyräpää 1922 and 1926). 
The older style of the early comb-ceramic culture (I: 1) occurs at 
30.5- 32.5 m. above sea-level at Espoo in the places in which LI 
is 35- 36 m. above the sea. At Liljendal, according to Ramsay, 
LI lies 30.6 m. above the sea. According to A. Äyräpää (KM 9273: 
l- 398, 1930) the older style of the earl.v comb-ceramic culture 
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(I: 1) is 27.± m. above sea-level at the same place. The placing of 
the Häyrynmäki early comb-ceramic dwelling places at the L IIa 
shore-level has already been referred to (page 136). The dwelling 
places in Lappträsk representing the I : 1 stage of the early comb
ceramic culture also seem to be situated at the L IIa level. [n 
measuring the height of the Lappträsk d\\'elling places, however. 
fixed points on the topographical map were used as starting points. 
in wh ich there may be errors. As, besides, I do not lmow the level 
of the Littorina maximum limit at Lappträsk exactly, "[ have 
omitted these dwelling pI aces from the relation diagram. 

The dwelling places repl'esenting the later stage of the earl,\' comb
ceramic culture (I: 2) accompany the L IIb shore-level. Already 
in connection with the Helsinki distl'ict it proved obvious that 
t he Storskogen dwelling place (page 64) belonged to LI!. _lt 
that time I did not yet recognise the two shore-levels to be distin
guished in the LII phase (L IIa and L IIb), as I did not discoyer an 
L IIa beach in the Helsinki district. We see from the relation dia
gram that the Storskogen d welling place falls into the L IIb sur
face. Obviously shore marks representing it, too , are to be found 
in the Helsinki district. At Espoo the later stage of the early 
comb-ceramic culture (I: 2) is connecteel with the L IIb level. 

Below LII the LIII shore-level appears in the eliagram. ac
companieel by the typical comb-ceramic culture. In this culture, 
too, there are an earlier anel a later stage (II : 1 anel II : 2). but in 
Uusimaa as well they are situateel verticall y elose to each othel', 
anel the shore-surface corresponeling to them, LIII, eloes not eliviele 
into two parts like LII. The elebased comb-ceramic culture (III) 
appears to be situateel slightly belo\\' the LIII level. On the Ka
relian Isthmus LIII intersects L IIa at about 12 m. above sea-level 
anel L IIb at about 9 m. above the sea. The angle of intersection 
is so acute that especially L Ub anel LIII almost coin ciele there. 

Below LIII the LIV 01' the last shore-level belonging to the Lit
torina perioel is shown in the diagram. It is connecteel in places with 
the corel-ceramic cu lture. The elwelling places that represent the 
corel-ceramic culture are, however, not certain coastal elwelling 
places, so that their correlation with any elefinite shore-level is not 
quite reliable. The elwelling places representing this culture are 
in some cases situateel below LIV, but also at heights above it. From 
this it woulel seem that LIV corresponels chronologically to the be
ginning of the corel-ceramic culture . 

On the Karelian Isthmus LIV is fairly elose to the Littorina Sea 
shore-levels that are older than it. It intersects the LII levels at 
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7- 8 m. above sea-level and LIII at about 5 m. above the sea. From 
this level towards lower isobases LIV forms the maximum limit of 
the Littorina transgression. LIII, however, is situated so close to 
LIV in this zone of isobases that it is not easy to distinguish these 
beaches from each other morphologically. The same is to be said 
of all the Littorina Sea surfaces as regards the eastern part of the 
Karelian Isthmus. 

Below LIV three more distinct shore-surfaces appear in the re
lation diagram. On the basis of the stratigraphy of the peat bogs 
these shore-levels are of post-Littorina date. It seems on the basis 
of the Stone Age finds that the PI I level occupies a position in time 
at the end of the Stone Age, as we have seen when dealing with the 
Helsinki district (page 64). PI II and PI III may belong to the 
transition phase from the Bronze Age to the Iron Age, PI III prob
ably already to the Iron Age. 

All the shore-levels described above consist of shore features, the 
position of which in the relation diagram is determined by the al
titude of the peak of the Littorina transgression in each area in
vestigated. This altitude was established both stratigraphically 
and by means of raised shores. There are, however, a number of 
shores in the relation diagram, the emplacement of which in the dia
gram is not based on the elevation of the maximum limit of the Lit
torina Sea, determined stratigraphically. 

I have such aseries of observations, for instance, in the Hamina 
district. In explaining the ancient beaches of this area (page 107) I 
already came to the conclusion that the Littorina maximum was 
23.5 m. above sea-level in the Hamina district. The shore representing 
this level is well developed and the general direction of the isobases 
also supports the vie\v that the Littorina peak is at approximately 
this altitude at Hamina. Consequently, I have placed the shore 
observations of the Hamina area in the relation diagram taking the 
23.5 m. level as the Littorina limit. This placing seems to be correct, 
as the other beaches of the Hamina area are then also situated at 
the shore-levels drawn in the diagram. 

I have proceeded in the same manner in regard to the succession 
of ancient shores identified by me at Pohjan Kuru. There, too, the 
Littorina maximum can be estimated at ab out 40 m. above 
sea-level on the basis of studies carried out in neighbouring areas 
(1. Leiviskä 1920, W. Ramsay 1926, E. Aurola, verbal communication) 
and of the direction of the isobases. I have actually no shore estab
lished at Pohjan Kuru corresponding to this maximum, as the area 
I investigated (E. Hyyppä 1937a) scarcely aUained as much as 
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40 m. above the sea. The beaehes that I measured below this 
level fall alrnost exaetly on the shore-level' of the relation diagram. 
if 40- 41 rn. above sea-level is taken as the loeal Littorina limit. 

PRE-LITTORINA SEA SHORE-L.EVELS. 

Although the main objeet of my studies was the displacement 
of the shore during the Littorina and post-Littorina periods, my 
material offers an opportunity of examining the shifts of the shore
level during the pre-Littorina period, too. I have eomparatively 
plentiful observations of raised shores from phases preeeding the 
Littorina and stratigraphieal evidenee that supplies information 
regarding the age of these shore-levels. as has already been shown 
in dealing with the material. 

Above the LI surfaee three shore-Ievels are formed at first , A V, 
AIV and Alll , in support of whieh there are only a few shore observa
tions. It is therefore impossible to say whether Alll , AIV and A V 
represent delays of the shore retreat 01' are merely beaehes that eame 
into existenee during the regression. It is eertain, however, that they 
belong to the Aneylu~ period. This is proved by the stratigraphy of 
the peat bogs. It also seems eertain that the A V shore-level is the 
same that represents the so-ealled »Mastogloia Seal) phase in the 
development of the Baltie aeeording to B. Halden (1917) , U . Sundclin 
(l9J 9) , Thoma 'son (1927) and L. Aario (1932. 1935). 

Attempts havc been made to refer this phase to the Littorina 
period, in \I'hieh ease it would mark the first slight salinity inside 
the Baltic. This opinion iso however. quite unfounded in regard to 
my area, as I sho\\'ed in conneetion with the Helsinki distriet. In 
Uusimaa LI forms the Littorina maximum limit, on the Karelian 
Isthmus Lll and partly LUI and LIV. Above this level there is no 
sign of the Littorina Sea. Above the Littorina limit. incleed, Masto
gloia speeies do oeeur hore and there in isolated eases and especially 
in late-Glaeial sediments. The oeeurrenee of these speeies is, however. 
so il'regular and sparse that it is misleading, as regards South Fin
land, to speak of the lJlastoglm:a Sea on the basis of thcm. 

After these three indefinite shore-Ievels there are two others. 
AU anel AI. in the diagram, the reeords of ",hieh are espeeially clcal' 
on the Karclian Isthmus. They eertainly belong to the ~ neylus period 
on the basis of the stratigraphy of the bogs. 1'he position of the 
shore-Ievels in the relation diagl'am leads us to the same date, for 
they are the next older eertain shore-f'urfaces prior to the Littorina. 
The Al surfaee "'ould thus represent the maximum extent to whieh 

------------- - - - -
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the Baltie encroached upon the land dUl'ing the Ancylus transgression. 
Thi~ \'iew is in complete accordance. as regards the eastern part 
of my area, with the results obtained e lsewhere in the Baltic region. 
In the western part of my area, on the contrary , 01' on higher iso
baf;es this shore- Ievel remains 100\'er than the level at which the An
(',vlus transgression maximum has been placed on the basis of former 
studies. I \\'ill deal \\'ith this important question in gl'eater detail 
fUl'thel' on. 

Above the AI level the LgIX and LgVIII shore-levels stand out 
in the relation diagram and the indefinite LgVII. vVith regard to 
the construction of these urfaces I had only a few observations of 
lllY own. They seem. ho\\'ever, to be older than the Ancylus periou. 
in \\'hich case they belong to the late-Ulacial period. On a stratigraphi
('al basis I place their date in the latter half of the Yoldia period. I 
ha\Te a lready brought forward evidence for this dating, when dealing 
with my material. and will return to the subject, when I compare 
lll.\' results with those for other parts of the Baltic. 

Above tbe LgIX- VIT shore-levels there are several others that 
I have designated: LgVl. LgV. LgIV, LgIII, LgII and Lgl. The 
observations that serve as a basis fol' these surfaces are also scarce. 
I C'on::;iclered it \\'orth \\'hile, however, to place the 'e ancient sbores, 
too. in the relation diagram, as shore-levels can be drawn through 
them. These surfaces are , of course, rather hypothetical. It is 
E'\-iclent trom my stratigraphical material, however, that the ancient 
heaches at these levels belong für the greater part to the time of the 
l3altic lee Lake. 

THE C'HA~(} I';~ OF THE SHORR·L1XK 

In dealing with the individual a1'eas it was all'eady evident in 
it::> main features in what way the shore-line in each area shifted 
cluring the post-Glaeial period. I can also draw so me main conclu
~ions on the basis of my material in regard to the late-Glacial 01' 

pre-Ancyl11s changes of the level. The relation diagram now afforus 
an opportunity for examining the displacement of the shore-line for 
the whole area on the basis of the results obtainecl by roe for the 
individual areas. 

LATE-GLACIAL PERIOD. 

As already stated. I refer the pre-Ancylus shore-surfaces to the 
late-Glacial period. On the basis of the material the boundary 
hetween the late-Glacial and post-Glacial periods should be drawn 
beh\'een the LgIX and AI shore-levels. 
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.My material concerning the late-Glacial period is scarce. For 
this reason [ can, of course, not draw precise conclusions as to the 
late-Glacial changes of the shore. 1\1. Sauramo (1934-, 1937) has 
given a detailed account of the development of the Baltic during 
the Baltic lee Lake and Yoldia Sea periods, so that I need only refe !' 
the reader to those studies. In the next chapter I will paralleliRc 
Sauramo's system \\'ith my o\\'n in some points , but before cloing RO 
\\'e must see. ",hat main features are provided by my own ohser
vations of the late-Glacial displacement of the shore. 

The shores belonging to the LgI- VI surfaces \\'ould seem to 
belong to the period of the Baltic lee Lake on the basis of the stl'ati 
graphy of the sediments. In the late-Glacial depo 'its above the Lg VTl 
shore-levol 1 fai led to disco ver even the smallost signs of the water 
having boen saliferous at that time. The agueous sediments at the 
level of the Lg I - VI shore surfaces consist as a ru le of varved c:lay 
which contains a fe\\' fresh-\\'ater diatoms aml pollen of a late-Glac:ia I 
type. in which t11e pollen grains of Picea , AInus and rarer foliferous 
trees occur in small quantities besides Pinus aml Betula. The sedi 
ments belonging to the time of these shore-levels are in many caseH 
entirely deyoid of subfossils. The best idea of these late-Glacial 
deposits is obtained from the peat bogs of the Salpausselkä area 
(page 109). 

The stratigraphy of these bogs provides no cletailed information 
concerning the displacement of the shore-line. The varved sedimenhi 
in them seem to have been deposited in comparatively deep water. 
As to their mutual angles . the Lg I - VI shore-Ievels differ very little 
from each other in direction which would indicate their close connec
tion and a small difference in age between them. 

The shore-levels Lg VII, Lg VIII and Lg IX, \\'hich I also refer 
to the late-Glacial period , clearly form a group of their own in rela
tion to the former ones. This is also evident from the fact that the 
Lg I-VI surfaces are considerably inclined in respect of the Lg 
VII-IX group. Of these latter I refer at any rato Lg YIII- IX \\'itl1 
certainty to the Yoldia period, when the Baltic was in connection 
with the ocean. Jt is not evident on the basis of my material. 
however , in what \Vay the sl1ore-line was hrought from the BaltiC' 
lee Lake level down to the ocean level. 'Vith regard to t11is question 
I refer the reader to Sauramo's (193+, 1937) studies. 

I can, ho\\'ever, prove some features in the character of the 
changes of the late-Glacial shore-level stratigraphically. Late-Glacial 
salt-,,'ater and brackish-\\'ater diatoms do not occur in a single in -
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stance in my material abo,-e the level of the Lg YII- IX Slll'

faces, but remain below them. It seem that the alt-water diatoms 
that I consider to be primal',Y (cf. page 109. 143) and that occur 
most abundantly at the end of the late-Glacial epoch, belong in 
the first instance to the phase of the Baltic represented by Lg 
VIIl-IX. It is possible. however, that Lg VII also belong to 
this period. Judging by the diatoms a small transgression ap
pears to have occurred then. This is shown, e. g., by the sequence 
of the Pienjärvi bog (page 154). 

The pollen flora corresponding to these shore-Ievels is of late
Glacial type. In comparison \\'ith the previous period Picea has dc
creased , but it is nevel'theless present in the sediments of the date 
in question. The pollen of mixed oak forests also occurs sparsely. Of 
these Corylu8 and Ulmu8 are the most important. Alnu8 pollen occurs 
in comparative abundance in the sediments of this time. Belula 
and Pinu8 still predominate and in most cases B etula is more plentiful 
than Pinu8. In regard to its pollen flora this time corresponcls hest 
to L. von Post's Gotlancl zone TX. 

TffE POST-GLACIAL ClJAXGES OF TUE snORE-LEYELS. 

A ncylu8 period. 

The AI and All shore-levels rest on a surer fOllndation than the 
former both stratigraphically and on the basis of the raiseel shores. 
This refers especially to Eastern Uusimaa and the Karelian Isthmus , 
of which I have the most plentiful material. On the basis of the 
stratigraphical evidence these shore-levels represent the time of the 
Ancylus transgression maximum. On the basis of my material. 
however, the detailed succes ion of the displacement of the shore
line is not clear with complete certainty. In regard to the eastern 
parts of my area, however, the stratigraphy of the peat bogs leads 
to the conclusion that during the time of the Ancylus transgression 
the sea invaded landwards to some extent. This is seen, e. g .. by the 
stratigraphy of the Suursuo bog (page 122) and of the Pienjärvi bog 
(page 154). The ancient beaches belonging to these shore-levels are 
also weH developed in the eastern parts of the area which would point 
to the land\\'arcl aclvance of the shore. In the western parts of the 
area I have fewer morphological anel stratigraphical observations 
connectecl with these shore-surfaces. It woulcl seem, therefore. that 
the ancient beaches representing these levels had clevelopecl \\'01'se 
in the western parts of the area than in the eastern. 
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In dealing with the material referring to the Helsinki distriet I 
mentioned a number of beaehes above the Littorina limit. Several 
of these fall within the A I and A Il shore-level in the relation dia
gram. The peak of the Aneylus transgression eannot be determined 
\Vith eertainty on the basis of the stratigraphy of the bogs in the Hel
sinki distriet. 'I'hese bogs rather lead to the eonelusion, however. 
that the Aneylus tran::;gression maximum did not rise above the AI 
shore-Ievel in the Helsinki distriet. Accorcling to the stratigraphy 
of the Rusutjärvi swamp (page 57) the AncyJus Lake appears to have 
been transgressi \-e towarcls the land in the Helsinki clistriet, too. The 
boundary between the Ancylus Lake and Yoldia Sea deposits eannot. 
however. be establishecL with eertainty in the strata of the Rusut
järvi swamp. The evidence provided by the swamp regarding the An
eylus transgression is therefore also cLoubtful. The ancient beach 
above the bog, G4." m. above sea-leveJ. which is the maximum limit 
of the Ancylus tran::;gression accorcling to G. H,udeberg. is situated 
in my relat.ion clütgrull1 at the Lg IX level 01' in the shore-system of 
the Yoldia Sea. The aqueous sediment at the bottom of the Rusut
järvi swamp is abo late-U lacial for the gl'eater part, and the Maslo
gloia species in it may possibly indicate a " 'eak marine influence. 

The absolute maximum of the Ancylus transgression is representecl 
in the relation diagram by the A I shore-leveL. The.-i Il level lies 
slightly belo,,' it , the difference in height being only 3- -1 m. in Uusi
maa. On the Karelian Isthmus these shore-levels approach eaeh 
other still more elosely. ßoth these surfaces belong to the time of 
the Ancylus tran 'gression and represent two delays 01' small positive 
shifts of tbe shore lying elose to each other chronologieally and as 
regards their level. Ln the pollen diagram this time of the Ancylus 
transgression, or of the I - A II phases. corresponcls to the absolute 
Pinlls maximum 01' a slightly earlier time. All the pollen cliagrams 
do not yield exactly the same re 'ult in this l'espect. It is certain. 
ho,,·ever. that the Ancylus transgression is situated in the time of 
forests dominatecL by pine. when preciolls deciduous trees and Alnus 
oceur very sparsoly and are often entirely absent. Besides pine, only 
the pollen of birch occurs faidy plentifully. The diatol1l and pollen 
flora lead to the further oonolusion that tbe Anoylus transgression 
peak falls within the former half of the AllC,V1us pCl'iod. The time 
between the end of the Yoldia period and the Ancylus transgression 
maximum is comparatively short, judging ,tratigraphically. The 
small difference in inolination between the Yoldia and Aneylus 
shore-Ievels in the relation diagram leads to the same conclusion. 
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From the A II level the actual Ancylus regression begins aml 
continues until the level of the ocean ri ses to the level of the thre
shold in the Danish Straits of that time and the Ancylus Lake is con
ver ted into the Littorina Sea. Prior to this important event inter
missions can be observed in t he retreat of the shore. The shore-leyels 
A III . A IV, ana A V. suhsequent to the Ancylus transgression 
maximum, are recorcled in t he relation diagram . The e surfaces are 
based on shore marks that J observed on ly in some of the investigated 
areas. These raised shores. however. are fairly weil developecl. During 
their formation at an.v rate no consiclerable land"'arcl shifting of 
the shore seems to have occurreu. but obviousl,v. too. a longer 01' 

shorter delay in the regression . 
From A V the shore retreats to the lower limit of the An c,V lll s 

regression whieh I havc drawn in the diagram in such a manner that 
in intersectFl LI at 34- 35 m. above the sea and the present level 
of the sea at the point. where the Littorina maximum is about II m. 
above sea-level. If drawn in this way , this bounclar,v indicates the 
upper limit of the Aneylus regression, the fixed points of whieh are 
at the lowest level of the pe at deposit and shallow-watel' sediments 
formed during the Ancylus regression. This level is about 2 m. above 
the sea at 1no (page ] 76) . beiow the 9 m. level at Karjalainen 
(page 170) and about 17-- 18 m. above the sea a t SäkIüjärvi 
(page 132). The actua llimit of th e Ancylus regression is probabl,\' 
slightly lower still t han the limit 1 have drawn in the relation 
diagram. This boundary plane a lso corresponds to the so-called 
»ClY]Je~~s limit» which. accol'eling to W. Ramsay (1926) , for instan ce. 
marks the phase in the displacement of the shore, when the Baltic 
became connected with the ocean through the Danish Straits anel 
the Littorina pe1'ioel began. 

Littorina and the post-Li tlorina period . 

Accol'ding to the stratigraphy of the sediments L I is the maximum 
limit of the Litto1'ina Sea in Uusimaa. Starting from Espoo 01' the 
isobases of the Littorina limit above 35- 36 m .. the »Clypeus limit» 
may possibly form the highest limit of the Littorina Sea. In Uusimaa 
it proved impossible to distinguish the LI and the »Clypeu8 limit» 
stratigraphically from each other. When the LI shore-level was 
formed. the shore-line elid not shift noticeably landwards in those 
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regions where the Littorina maximum limit lies lügher than Hl- 20 
m. above the sea. The possible transgression that may have occurred 
then eloes not exceed 2 m., e. g., on the 30111. LI isobase. 

Proceeeling to lower isobases from the 1!)- 20 111. Littorina maxi
mum limit, a notable enel'oachment of the sea llpon the lanel occurreel 
during the LI period. This is seen, e. g., by means of the stratigra,phy 
of the bogs at Koivisto , Karjalainen anel 1no. At Ino. aceording to 
my relation diagram, the sea-Ievel rose at least 5.:; 111. in regard to 
the land during the LI pet'ioel ... H Karjalainen the eorresponding 
figure is more than 3 m. 

In several stratigraphical sequence:; that I investigateel the shore
line would seem to have retreated. according to the cliatom statistics, 
still during the first penetration of the :;alt water into the Raltlc. 
I am inclined. however. to interpret this phenomenon as only signi
fying a great change in the ecological conclitions of the diatoms at 
the time, when the Ancylus Lake was eonverted into tbe Littorina 
Sea. When the fresh water became bracl<ish , the Ancylus flora de
clineeL aneL the Littorina flora only cleveloped into full bloom. after 
the marine conclitions had be co me stabilisecl. Statistically this flo
ristic discontinuity looks like a regression, though it need not actually 
have occurred. This question, however. is still unexplained in detail. 

The beginning of the Littorina period corresponds pollen-floris
tically to the beginning of the uninterrupted appearance of rare foli
ferous trees. espeeially Tilia. Pinus is decreasing just then from its 
maximum during the Ancyllls perioel, but still oecur' in fairly large 
proportions. In several poUen diagrams there is a distinct Pinus 
eulmination at the beginning of the Littorina period . though it is 
less pronounced than the Pinus peak of the Ancylus transgression 
pet'iod. The bOllndary between the Ancylus anel Littorina periods 
can only be established with absolute precision in thc littoral secli
ments by means of the diatoms. 

After LI a regression occurs throughout the whole area inve:;tigated 
by me. The retreat of the shore is already arrested. however, in the 
first half of the LittOl'ina period and on the Karelian Isthmus the 
shore again begins to advance at that time. This can be proved strati
graphically in tbe investigation areas of Koivisto. Karjalainen and 
Ino. At Karjalainen the amount of the fresh transgression was at 
that time at least 5 111. In Uusimaa J was unable to prove this trans
gression stratigraphically. Tbere merely an intemiission in the retreat 
of the shore-line seems to have occurrecl simultaneously The shore 
cut during this timc is LIla in the relation diagram. ",hieh inter
sects LI at Säkkijärvi at 19- 20 m . above sea-Ievel. On the isobases 
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above the point of intersection a regression thus succeeded the forma
tion of the LI surface, having been stopped, when the LIla shore
level was formed. On the isobases below the point of intersection 
the shore also retreated at first, but the regression changed again to 
a transgression that reached its peak, when the LIla shore-level 
,,·as registered. 

After the formation of the LIla shore-line the regression con
tinued in U usimaa. but only for a short time, as a delay occurs again 
in the displacement of the shore. Tbis delay is represented in the 
relation diagram by the LIlb surface which almost coincides with 
the LIla shore-level on the Karelian Isthmus. In the latter area, 
therefore, the shore-line practically remained stationary during the 
who1e of the LII phase. LIla and LIlb only intersect each other 
at H- 9 m. above the sea. On isobases below this level the shore 
shifted slight ly landwards during the LUb phase, too. 

After the LIlb phase the shore-line in Uusimaa and on the Finnish 
side of the Karelian I sthmus retreated. This retreat is arrested for 
Horne time by two elelays , when even a slight transgression may 
haye occurreel in the region of the Karelian Isthmus. These two 
in termissions are representeel in the relation diagram by the LIlI 
anel LIV shore- levels. On the Russian siele of the Karelian Isthmus 
the shore seems to have remained almost stationary since the 
LU phase . 

The displacement of the shore during the Littorina period occurreel 
in different ways on the Karelian Isthmus and in Uusimaa. In Uusi
maa the shore-line retreateel mostly. This retreat diel not , however , 
occur quite continuously, but ,yas interrupted by intermissions that 
occurreel eluring the LI. LIla. LIlb. LIIl and LTV phases, 
\,·hen the shore may have shifted slightly lanelwarels. Stratigraphic
ally . however. I have not ascertaineel any distinct transgression 
in regard to the land on higher isobases than 19- 20 m. for LI anel 
therefrom dowmvards. towards the periphery of the land uplift. 

In the latter area 01' in the region of the Karelian Isthmus the 
Littorina Sea was again transgressive in regard to the land at any 
rate during the LI and LU time. The regression between LI and 
LU can be clearly established on the Karelian Isthmus. The level 
of the sea appears to have risen here in the course of the whole Lit
torina period, so that the Littorina transgression on1y reached its 
maximum, when the LIV shore-level was formed. After this the 
1'ise in the level of the ocean would seem to have ceased 01' at least 
to haye become rouch slower . 
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The PI I - In shore-surfaces seem to l'epresent clelays of :shol't 
duration in the post-Littorina period. I have no :stratigraphical 
evidence from ~outh Finlancl indicating a lanclwarcl shifting of thc 
shore during these phases. 

We see from the relation diagram that the Pl I , PI II, and PI T 11 
shore-Ievels interseet each other and L IV at a level very dose to thc 
present sea-Ievel. If these shore-levels continue as actLlal beachc:s 
do\\"n to the point of intersection. the sea-le\"el did not :sink during 
the time subsequent to L [V , a8suming that the lanel ha8 not sub:sicled. 
However, this problem contains so many unknown factors hitherto 
that it cannot be solved except b.v means oE sllbstantial obscn-ation" 
in future. 

The present threshold bet\\"een thc basin of the Baltü; ami thc 
ocean at Darsser (in the Danish Straits) i8 on the Littorina O-isobasc 
referred to. If the LI shore-level in my re lation cliagram is extencled 
to the thresholcl, it is several metres below the preseut level of thc 
pass-sill. The pas8-sill is 18 lll.· belo\V thc level of the sea. If t he 
threshold has gro\\'n higher during the post-Glacial time o\\'ing to 
sedimentation. my LI shore-level can be eonsidererl to be close to 
the original leyel of the pass-sill. This leve l which is more than 20 1l1. 

beIo\\" the present sea-level, \l"ould indicate that since the formation 
of the LI 8urface the level of the Baltic has risen over :20 111. at least. 

The actual rise of the ocean level \\'ould, naturally. be consi 
derably greatel'. Also in the 13altic the water-level woutd have risen 
considerably m.ore than 20 111. , if we take the AncyJus regression 
limit as a starting point. According to my relation diagram thi" i" 
33 m. belm\" sea-Ievel at the Darsser thresholcl. Close to this clepth 
(about 35 m. belo\\" sea-Ievel) sttunps have been encountered outside 
Käsberga (S. ~~.-Scania) on the bottom of the sea that are obviousl.v 
in a primar.v position and the age of which would seem to fall. on the 
basis of the poJlen analysis. in the Ancylm; regres 'ion periocl (d. 
L. von Post I Ü2H. page 70). 

The Ancyllls regression limit is so lllueh below the Darsser pas:; 
sill in the relation cliagram that it 'I"ould mean that the Baltic \\'a:; 
an undrained lake during the time of the Ancy lus regression. BefOl'e 
considering such a hypothesis it would be necessary to possess clata. 
on a much surer basis than at present concel'lling the post-Glacial 
development of the Dani h Straits. The same applies, of course. 
to my Ancylus regression limit which is by 110 means in its final posi 
tion in the relation diagram. Fig. 57 finally illustrates the displace
ment of the shore in Uusimaa and on the Karelian Tsthmus. 
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cm1PARISOK:-5 ,\TfH OTHER PARTS OF THR BALTJC RE(:IOl': 

I have dealt above with the late-Quaternary changes of the 'hore
line principally on the basis of my own material without comparing 
my results, excepting some individual cases, with other parts of the 
Baltic region. As my system of the dis placement of the shore is 110W 

as complete as my material enables it to be at present, it seems wOl'th 
while to correlate it with other parts of the Baltic. Within the limits 
of this papel' I can only make such a comparison in broad lines . 
Besieles , the analysis of the elevelopment of the entire Baltic is still 
so incomplete that it would not be justifiable to elraw detailed 
pamHels for the ~\ -hole region. 

THE NEIGHB01;RHOOD OF LE::-<INGHAD. 

Tile papers published by K . K. lVfarkov (1931) anel by him and 
W. S. Poretzky (1935) pro viele data. based on the stratigraphy of 
peat bogs anel on raiseel shores, concerning the changes of level in the 
neighbourhooel of Leningrael. Accoreling to these writers only one 
culmination of the Littorina transgression anel one beach of the 
Littorina Sea can be established on the Russian side of the KareJian 
Isthmus. Near the Finnish fron tier the shore of the Littorina Sea 
is 10 m . above sea-Ievel. The 5 m. isobase passes S.E . of Leningract . 

:!!)()K. :17 :W 
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ßet\reen these places. e. g., at Lachta. the Littorina maximum i. ' 
7 m. above sea-Ievel. The Littorina transgression was preceded by a 
regression (Ancylus regression) that fell 2.-l m. belo\\' the present 
sea-Ieyel at Leningrad. 

J have placed Lachta anel Leningrad in their respective positioni'i 
in my relation diagram. vVe then see that my Ancylus regression 
limit lies 13.:; m. helow the present level of the sea at Leningrad. The 
difference in comparison with the results of the Russians is so great 
that it cannot be a case of the same regression limit. I am convinced 
that the AncyJus regression limit at Leningrad is 10\\'e1' than 2.4- m. 
belo\\' the present sea-Ievel. as my Ancylus regression limit on the 
Karelian Isthmus can in no case be raised any higher. The inclina
tion of this surface nlay be slightly different from what it is in my 
diagram, but it cannot be altereel so much as to comply with the 
result of the Russians. 

The pollen diagrams of the above authors show with certainty that 
the maximum limit of the Littorina Sea on the Russian side of the Ka
relian Isth mus is also later than L L Accoreling to my relation elia
gram the maximum limit of the Littorina transgression forms a 
shore-level complex on the Russian siele on the Karelian Isthmus, in 
\\'hieh the different phases of the Littorina Sea from LII to LI\' 
almost coineide vertieally. LI is al1'eady belo\\' the present sea-level 
on the Ru "sian siele. The Russian geologists elo not seem to have 
obtained this result. Accoreling to thern the Littorina Sea only had 
one phase thl'oughout the whole of the Baltic , but this cannot be 
proveel on the basis of the conditions on the Russian siele of the Ka
relian Isthmus. 

The Russian students can in reality only estabJish one transgression 
stratigraphically and b)' means of beaches. The irrefutable 0 cilla
tion of the beaeh bet\\'een LI anel LII is not visible on the Ru sian 
siele of the Isthmus. because. as al ready stated. LI is belo\\' the present 
sea-Ievel there. After that the level of the sea rose graelually anel 
reacheel the transgression maximum in the western part of the area 
eluring LIIb . but in its eastern parts only during LIV. 

My relation diagram lead to this result in regarel to the Russian 
side of the Isthmus and the tratigraphieal material of the Russians 
is fu lly in accordance with this vie\\". If we stndy the diatom statis
tics and pollen eliagrams of tbe Russians. it will be elear to us with 
complete certainty that LI is in no case the Littorina transgression 
peak on the Russian siele of the Karelian Isthmus, for the transgression 
maximum indicated by the diatoms is situated in aU their pollen dia-
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grams in aperiod considerably tater than L 1. just as on the 
Finnish side of the Isthmus. 

I have also placed t'vvo other ancient shores identified by the 
Russians in my relation diagram, using the Littorina maximum as a 
guide level. There are many such observations mentioned in the 
works of the geologists referred to and in S. A, Jakovleff 's study 
(1926) dealing with the same area. Regarding the age of these beaches 
these \\Titers supply no precise data. It is certain, hO\~'ever , that they 
belong to the late-Glacial period. 1'he so-called sub-Arctic transgres
sion. which the Russian students parallelised with W. I~amsay's and 
NI. Sauramo's B III on a stratigraphical basis , is fairly prominent. 
This shore is situated approximately at the Lg I shore-level in my 
relation eliagram. The other late-Glacial shore-line of the Russians 
is analogous to my Lg II shore-level , as the diagram shows. 

W~JSTERN UUSIMAA. 

In 1935 a paper \\'aS published by L. Aario eleating with this 
area. in which the post-Glacial changes of the shore-line \\'e1'e treated 
by means of the raised shores and of the stratigraphy of the peat bogs. 
Aario's study is confined mainly to the isobase pa 'sing through 
Espoo, in which the Littorina transgression maximum (L I = the 
»Clypeu8 limit») is 36 m. above the sea acconling to Aario. Tf I place 
Aario's other ancient shores that are on the same isobase in my rela
tion diagl'am, they coincide, with the exception of the very lowest one, 
very weU with my shore-levels, As to the Littorina perioel Aario's 
results anel mine are identical, too , in regard to the age of the shores. 

In the displacement of the shore-line there is this difference be
tween Aario's opinion and mine that according to Aario the shore 
shifted considerably land"'ards during the different phases of the 
Littorina Sea. Thus, for instance, when the maximum limit of the 
Littorina transgression occurred, Aario considers the water-level to 
have risen 5.:' m . from the bottom of the preceding regression in 
Western Uusimaa. According to my observations the corresponding 
figure. e. g. , in the Helsinki district is within a range of 2 m. This 
difference in the results obtained by Aario and myself in adjacent 
areas is obviously inessential anel easily explained , seeing that both 
of us have the same system of shore-levels of the Littorina period. 
The solution of the question would necessitate fre h investigations. 

Above the Littorina limit Aario has a Mastogloia beach which. 
in his opinion, represents a separate marine Mastogloia transgression. 
This beach of Aario 's coincides exactly with my A V shore-level 
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whieh , in my opinion, belong:; to the end of the Aneylus period and 
represent:; a fl'esh-water phase in the history of the Baltie. 1\01' wa:; 
J abLe to establish that the shore had movect eonsiderably landward:; 
during this phase. lt is certain that in this c:ase Aario and I are deal
ing with the same shore, the charaeter of whieh we interpret in a 
difforent manner. The eontradiction is , however. perhaps only ap
parent. as Aario has no :;ign of salinity in the diatoms in this phase 
of the Ba,ltic.f-J c is also inclined at present to refer his »Mastogloia 
level» to the Ancylus perioel (yerbaL statement). 

Abovc the »Jl1astogloia transgressiom Aario has t\\·o other beaches . 
.4,9- 5J m. and (j3 111. above sea-level. The former should belong , 
accol'ding to him. to f-;auramo 's (1934-) Rha phase and the latter were 
the peak of the Ancylus transgression. Tn my relation diagram these 
shores are placed differently. The "*9- 5] m. group of beaches falls 
within the All shore-Ievel amI the Ga m. heach \\'ithin the Lg IX 
level. Aario's Ancylus would thus belong to a marine phase and the 
marine l~ha wouLd be turned to Ancylus, if the:;e beaches were dated 
according to my material. [consider it j 1I stifiable to do so. too , as 
Aario does not possess reliable stratigraphical eYidence regarc1ing 
the age of these raiBed shores. 

OOTLAXD. 

UotLand has aLreacly been a classical area fOl" a lang time for the 
stucly of the displacement of the shore-hne. Thanks to the researches 
of H. M.unthe (J 91 0, 1925) and L. yon Post (1903. 1925, 1927) the 
histor,v of the po ·t-Glacial development of the Baltic in regard to 
Gotland is 1<no\\'11 fairly exactly. The information concerning the 
late-Glacial period. on the contary, is dou btful in regard to this area. 
Tt is difficult , too, to establish the late-Glacial changes of the shore 
on Cotland owing to the Lo\\' height of the island. 

In elealing with the Koivisto area (page 167) it was shOll"n that the 
Littorina :;hore bar at Snoeler in Cotland and the Li.ttorina embank
ment at, Koivisto wel'e quite similaI' as regards their c1evelop111ent. 
The isobase representing the Ancylus transgression maximum that 
passes through Snoder corresponds at the same time in height to the 
Ancylus transgression peak that 1 established at Koivisto. I have 
placed several other observation points on Gotland , too, in my rela
tion diagram, from the southel'l1 end of the island to its northern end, 
using the Littorina maximum as a guide-level. As the relation dia
gram shows, the Littorina and Ancylus limits in Gotland accord 
very well with my corresponding shore-levels. 

-------------- - - - - -
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In my relation diagram the Aland All shore-levels represent 
the Ancylus transgression period, the AI shore-level marking the 
maximum limit of the transgression . The Aland All shore-leve ls 
are, however, only at an interval of 2- 3 m. from each othel' verti
cally on the isobase corresponding to Gotland. This difference be
tween the shore-levels is as large as the actual differences in height 
of the Ancylus shore bar on Gotland in the same investig~Ltion area 
(Munthe 1910). 

This variation in the height of the AllCylus embankment caused 
Munthe some difficulty, when he was establishing the altitude of tbe 
maximum limit of the Ancylus transgression on Gotland. Munthe 
endeavoured to adjust his measurements in order to fix amormal 
level» for the Ancylus limit in different areas. Owing to this correction 
some of Munthe's figures appeal' in the relation diagram between the 
AI and All surfaces of mine. Such adjustment is unnecessary, ho\\'
ever, as the _\ncylus transgression is represented by a couple of beaches 
constituting two separate shore-Ievels. Towards lower isobases 
these shore-levels approach each other very closely. On Ootland 
it is difficult to distinguish these two levels from each other, as the 
Ancylus shore generally appears there Ül the form of a bar thrown 
up bywaves. 

Gotland corresponds in my relation cliagram to the area that 
extends from the Seivästö district to near Porvoo. A correlation of 
the results obtained on Gotland with mine thus refers to an area in 
which the maximum limit of the Littorina transgression is not syn
chronous, but is formed by the LI and L II shore-levels. The Litto
rina and Ancylus limits on Gotland fit equally weIl in my relation 
diagram both in the L II and LI areas, which proves further that 
the L land L II shore-levels are in the right position to each other 
in my relation diagram. After this comparisoll it should be consi
dered quite certain that the Ootland Ancylus and my Ancylus are 
identical. 

The shore bars at the highest point on Gotland. 82-83 m. above 
the sea, belong to the Baltic Ice Lake period. The position of these 
corresponds approximately in Central Gotland to the 21 m. Littorina 
isobase. If I plaee this 82- 83 m. beach in my relation diagram at the 
point of the 21 J;ll. Littorina limit , it falls within the Lg I shore-level. 
The beaeh that corresponds to BIll in the neighbourhood of Lenin
grad aceording to Markov (the Baltic lee Lake III in Ramsay's 
and Sauramo's system) was also situated on this surfaee. 

Aceording to L. von Post (1933) there are, too, a number of beaches 
on Gotland belo\\' the Littorina limit. I have placed these series of 
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observations in my relation diagram. as will be seen by the plaoe 
names. In this oase I used L IIa, whieh eorresponds to yon Post 's 
L II (»seeond top of the postglaeial transgressiom) as a guide level. 
These beaehes subsequent to the Gotland L I also eoincide ver,v weH 
with my shore-Ievels subsequent to L 1. Of L. von Post 's shore-levels 
only one is missing from my system. It lies below my PI JII level. 
where I have no shore-surface on the basis of the present obsenation:;. 

iiLXXD. 

[t has already been sho\\'n that the investigations carriecl out 
on Gotland lead to the same result in regard to tbe history of the 
elevelopment of the Baltic as I obtained in South Finland. It ii:l 
therefore to be expected that the data concerning the changes of 
level on Ülanel should be in agreement with my resuits. The P0i:lt
Glacial displacement of the shore on Ölanel was studieel b,v U. Lund
quist (1928) on the basis of stratigraphical eYidenee. 

From Lundquist's investigations only the Aneylus transgression 
maximum an el the position oi the shore-Ievel representing L] I are 
elearly established. These conespond entircly to the results 1 ob
tained in ROllth Finland. Aceordillg to Lundquist the earlier anel 
later Littol'ina shore (L land LII) intersect each other at about J 9 111. 

above sea-Ievcl. In my system this point of intersection is 19- 20 m. 
above sea-Ievel. Lundquist's L II intersects the maximum limit of 
the Aneylus transgression bet"veen the 10 ancl 1 L m. isobases . Aceord
ing to me this point of intersection is 10 m. above the sea, The sho1'e
level representing the Ancylus transgression peak in Lundquist's 
system is also at precisel,v the same inelination in regard to the Litto
rina limit as in mine, I have only placed one of Lundquist's series 
of observations (Vannborga) in my relation cliFigram. This i in the 
area, in whieh L Ir is the highest Littorina limit. The Aneylus beaeh 
of Vannborga coincides exactly with my A II shore-Ievel whio11 
forms the 10\l'er limit of the couple of beachcs that represent thc An
cylus transgression maximum. This comparison is alread,v suffi
cient to sho\\' that Lunelquist's system of shore-surfaces is exaetly 
the same as mine. 

SCANIA, 

"Ln this area I have selected Limhamn as a point of comparison, 
as for a long time a gooel shore bar (Järavallen) has been known there 
which belongs to the Littorina Sea formations both on an archaeo-

-------- - - - - - -



6'. }{yyppi:i: Post-Glacial UhalJ!!c~ of ~horc-Line in ~outh Finlancl. 207 

logical and geological basis. It is evident already from K. Kjellmark 's 
investigations (1903) that Järavallen is composed of at least two parts 
of different age. These are connected with Stone Age dwelling places, 
the latest of which is situated highest at the ridge. This leads to the 
conclusion that the Littorina Sea transgression las ted a long time 
there and attained its peak comparatively late. 

O. Rydbeck (1928) examined the structure ot the embankment 
and the Stone Age implements there more closely and obtainecl more 
accurate results in establishing the dates of the finds. Acrording 
to Rydbeck there are three accumulations of different age on top of 
each other at Järavallen, each of \\'hich is associatecl with its o\\"n 
Stone Age culture. The lowest shore bar (Ko. 1) represents LI and 
the beginning of the Kökkenmödding period, Above this there i.s a 
L II shore ridge belonging to the transition from the earlier to the 
later Stone Age. At the top is the third shore bar which should be 
refeJTed archaeologically witb complete certainty to the latter half of 
the »Ganggrift» (passage tomb) period. 

According Järavallen the transgression maximum reached a 
height of about 5 m. above sea-Ievel at Limhamn. In my relation 
diagram the 5 m. Littorina limit lies at the point, ,,'here L III and 
L IV are at the same level and together torm the maximum limit of 
the Littorina transgression. L IIa and L IIb are belo\\' the tormer 
on this iso base. L Ha is about 3 m. 10\"er at this place than the Litto
rina maximum (L III- L IV). LI is already nearly 9 metres belo\\' 
tbe present level of the sea there. On the .Järavallen isobase L Ha, 
L IIb and L III- L IV are vertically so close to each other and in 
such successive order that I consider these three phases (L nI- I, IV 
merge on this isobase into one phase in the displacement of the shore) 
to correspond to Rydbecks' three shore ridges and the cultures connect
ed with them. 

This parallelisation is also broadly in accordance with Rydbecks 
results in regard to dating. The Littorina transgression maximum 
corresponds, according to him. to the latter part of the »O i'mggrift» 
period which is synchronous with our hanuner-axe culture (A. Äyrä
pää, verbal statement). The hammer-axe culture, again, corresponds 
with certainty to my L IV which, according to my relation diagram. 
is at the lüghest level of the Littorina Sea at Limhamn. The Litto
rina Sea maximum is thus L IV at Limhamn both according to Ryd
beck and to me. 

Shore bar No. 2 below this maximum limit (Rydbeck's I, 11) is 
connected archaeologically to the transition from the earlier to the 
later Stone Age 01' to the beginning of the later Stone Age. It should 
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therefore best correspond to our early comb-ceramic culture which. 
according to me, i.s associated with L Ir. Rydbeck's L Ir should. 
correspond, more exactly . to my L Ha. The lowest part of Järavallen. 
the date of which seems doubtful and the existence of wh ich is ques
tionable in other respects, should correspond to a periocl earJier than 
L H. Rydbeck coordinates this part of the embankment with L 1. 
,,'hich cannot be consiclered. correct dating, as L I is belolV the pl'esent 
sea- level on this isobase in my opinion. This controversy is , however. 
not essentia l with l'egard to the question of the transgression peak 
itself, especiaLly as the stmctUl'e of t hc 10IVer part of the ridge and 
the archaeological clating seem to be ullclear. 

I am inelined to explain the structure of J äravallen by there being 
hl'o main portions: 1) the Iower, representing I, II both arehaeologie
a ll y and geo logieall y, amI 2) the upper, eonneeted on the same base:; 
\\'ith the L nI- I, IV shore- leve l. 

Rydbeek point:; out a lready that the development evidently 
oceurred on the Danish coa ts in the same manner as in Seania. The 
Danish scientists do not distinguish more than a single Littorina 
transgression. Thi ' is in apparent eonfliet with Rydbeeks results. 
In my opinion. ho\\'ever. there is no aetual contradiction, as on the 
iso base eorresponding to Limhamn only a single Littorina trans
gression ean be estab lishecl ·tratigraphically whieh attains its maxi
mum during L IV. The Littorina transgression peak is therefore 
evidently L I\T on thc Danish eoasts. too, on the isobase corresponding 
to Limhamn, in no ease L 1. 

When the sea-Ievel rose in this zone of isobases from L H to L IV. 
a slight fluctuation of the shore-line in regard to the land may, per
haps, have oceurred , whieh may appeal' greater at Järavallen than 
the displacement of the shore-line was in aetual fact. I have signs 
of such slight oseillations of t he shore on the Karelian Isthmus, too. 
The stratigraphy of the peat bogs thel'e does not, ho",ever, indieate 
any great fluetuation of the shore- line during this time. Roughly 
speaking. the sea-Ievel rose eontir:uously in respeet to the land on the 
Limhamn isobase hom L II to L lV. during the latter of wich 
t he transgression only attained its maximum. 

GUSUM- KOLMARDEX. 

The eomparisons 1 have made so far referred to the isobase zones. 
to which my own investigations have been prineipally eonfined and 
with regard to ",hieh my results , espeeially eoneerning the post
Glaeial epoeh. are 1110;;;t certain. On the basis of my relation diagram. 
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hO\\'eve1', it is interesting to examine wh ether the shore-surfaces 
identified in other parts of the Baltic region are in accordance ~with 
my system on higher isobases. 

In Sweden, on the basis oE H. Thomasson's research es (1927, 
1932), there has already been a change of opinion as to the maximum 
limit of the Ancylus transgression in the area between the Kalmar 
Strait and Degerfors. According to L. von Post (1928, 1929) the shore
level, that forms the maximum limit oE the Ancylus transgression on 
Gotland, Öland and at the Kalmar Sb'ait, passes above the thre
sholds of Degerfors, so that the Ancylus Lake drained into the ocean 
by this ,mterway during the transgression maximum. Yon Post 
1'eaches this conclusion on a pollen-chronological basis. 

Thomasson's researches referred to above already provoke tbe 
question wh ether the Ancylus transgression maximum ever rose 
above the Degerfors pass-sill. lt is the Ousum and Kolmarden area, 
\\'he1'e Thomasson obtained a result entirely dissimilar to O. Assar
son (1927) earlier in regard to the limit oE the Ancylus transgression. 
According to Assarson the AncyJus limit at Gusum is 70 m. above 
the level oE the sea. Thomasson. howeve1', proved later (1932) that 
the 70 fll. shore is not Ancylus. but an older one. According to Tho
masson's terminology it is the Echeneis Seft limit and would thu 
represent a marine phase in the history of the Baltic. According to 
Thomasson the maximum limit of tbe Ancylus transgression at 
Uusum is below 65 m. above the sea. 

In rcgard to Kolmarden Thomasson came to a conclusion C01'

responding to Gusum. Acco1'ding to Thomasson's diagram (Fig. 2, 
page] 72, H. Thomasson 1932) tbe Ancylus transgression peak (A II 
in Thomasson's terminology) at Gusum would be about 52 m. above 
sea-level and at Kolmarden about 60 ill. above sea-level. In the 
text Thomasson mentions later (page 185) the figures 52 for Gusum 
and 64- for Kolmarden in speaking of the position of the A II level. 
These figures appeal' in the text. however, only as bare figures , the 
significance oE which the reader must realise for himself. 

In Ousum and Kolmarden the maximum limit of the Littorina 
transgression has also been established. so that the pre-Littol'ina 
shores oi these districts can be placed in my relation diagram by 
employing the Littorina limit as a guide-Ievel. Let us first examine 
the Kolmäl'den shores, as, besides the Littorina maximum (LI), 
also LII and later Stone Age coastal dwelling places are known 
there, the latter of ",hich can be diYided according to their pott81'Y 
into different styles: Säter IT. III and IY (T. Engström and 
H. Thomas on ] 932). 

:IUO ~ . :li 
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Thoma,sson's LI, however, cannot be placed in 111Y diagram quite 
exactly, as I do not lmow tbe mutual relation of tbe »Clypeus limib) 
and LI sufficiently weH on this isobase. My LI shore-level can. 
however, be used as an index level. If a slight error occurs, it is of 
no signüicance in regard to the chl'onological result to be obtainecl 
from the comparison. 

According to Thomasson LI lies 4,2- 12.:) m. abo\-e the sea at 
Kolmarden and LII is 30. !'> m. above sea-level. In my relation dia
gram Thomasson's LII faUs within the LII b shore-level, so that 
Thomasson's result and mine regarding the mutual levels of LI ami 
LII are the same. The fad that Thomasson has no LIla shore in 
Kolmarden does not imply a discrepancy. It is further evident trom 
the relation diagram in what way tbe Kolmarden Stone Age coastal 
dwelling places correspond to my shore-levels. Hyttan is situated 
in aperiod between L[ and LU. Abacken corresponds to LII OL' 

our early comb-ceramic culture. Säter II and III accompany 
LIII and correspond to our typical comb-ceramic cultul'e , 
Säter III sooner already to the debased comb-ceramic culture. Säte]' 
IV corresponds chronologically most closely to LIV 01' our cord
ceramic culture, Thomasson obtained the same results in broad 
lines in comparing the attitude of these dwelling places in Sweden 
and Finland with the eleyation of the Littorina maximum in each 
place of observation. 

On the strength of the comparison I have made and its positive 
result I am entitled to postulate that Kolmärden is in üs right plac;) 
in my relation diagram. Wo oan now see, how the shores at Kol
marden that are older than LI are placed in my system. Thomasson's 
extrapolated Ancylus level , about 60 m. above sea,-leveI , fully coin
eides with my All level. Thus Thomasson's opinion and mine of 
the maximum limit of the Ancylus transgression are essentia,lly the 
same as regards Kolmarden. Thomasson's Echeneis Sea limit in 
Kolmarden (EHI) falls in my diagram along the LgVII surfacc . 
This shore-Ievel is very uncertain in my cliagram, as it is only sup
ported in Finlancl by Sauramo's beach on Suursaari (Saural110 1936), 
the age of which has not been cleterl11ined stratigraphically. 

The GUSUl11 70 m. shore (Thomasson's EIII) lies slightly below 
the LgVIII shore-level in my relation diagram, if the Gusum Littorina 
limit is about 39 m . above the sea. H , on the other hand , the C usum 
Littorina limit is taken accorcling to the stratigraphical upper limit 
(H. Thomasson 1932), 36. 5 m. ahove the sea. the 70 m. shore occupies 
a position slightly above the LgVIII shore-Ieyel. 
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These two alternatives are , however, inessential in regard to the 
l'esult that the Gusum 70 m. shore is situated in my relation diagram 
in a shore-level system that is older than the Ancylus transgression 
maximum (AI- All). My result is therefore fully in accordance 
with Thomasson's result in this respect. Thomasson's extrapolated 
Ancylus limit at Gusum (about 52 m. above sea-level) lies 3 .5 m. 
below my All surface. The pre-Littorina shore-levels are in a 
different position to each other in Thomasson's diagram than they 
are in mine. This, however, does not prevent my result and 
Thomasson's being the same in their main features as regards the 
peak of the Ancylus transgression on the Gusum and KoJmarden 
isobase. In this connection I will not deal any further with 
Thomasson's system of late-Glacial shore surfaces. As far as I 
unclerstand, it is by no means yet in its final form any more than 
mylate-Glacial shore-levels . 

Besides. there are so many data already concerning the maximum 
limit of the Ancylus transgression throughout the Baltic region that 
1tS pl'Oper establishment also on higher isobases could be expected in 
the immediate future. I shall have occasion to dweIl on this important 
subject and to return to Finland in my comparison later, for we have 
here the first complete study on the development of the whole'" of 
the Baltic published by Sauramo in ] 934. This fundamental w~rk 
was supplementecl by a paper published in 1937. 

SUURSAART- LOl-lJA. 

Tt would be appropl'iate, of course , to correlate my shore-levels 
with Sauramo's relation diagram, but this is impossible, as the guide
level of Sauramo's relation cliagram, although also the Littorina 
maximum, is not quite identical with my guide-level. At the time , 
when Sauramo worked up his relation diagram, the displacement of 
the level of the Littorina period was not lmown exactly in South 
Fin land. For this reason Sauramo drew the Littorina transgression 
limit as being synchronous and as a straight line down to the 10 m. 
1sobase. In my diagram, however, LI and Lll intersect each other 
already at 19- 20 m. above sea-level. as I have shown. Thus, in 
constructing the relation diagram, the same guide-level used by 
Sauramo and myself ,.-as different in form. In that case, naturally, 
thc diagrams must differ in every respect. 

J have made a comparison of Sauramo's results and my O\\'n by 
placing two of his observation se ries in my own diagram. in which 
it i8 pmlsible to start from the Littorina maximum level. One of 
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these is on Suursaari (M. Sauramo 1934, 1937 and verbal statement) 
lying on the same i 'obase as Virojol,i. Sauramo 's Suursaari beaches 
fnIly correspond to my Virojoki shores. The oldest clistinct shore
line that I identifiecl at Virojoki is Aneylus (36- 37 m. abo\'e the 
seal. SaUI'amo's Aneylus on Suursaari is 34- 37 m. above the sea. 
Abo\e this Sauramo has 4-2 am\. 45 m. shores. of \\'hieh the ..J.2 m. 
shore eorresponds to my LgIX and the 45 m. shore to LgVIII. 
Aeeording to Sauramo, too , the latter shores belong to the Y oldia 
period. The Suursaari shores above the 45 m. level are also situatecl. 
on my late-G laeial shore-levels. Sau ramo. 11o\\'ever. has HO eertain 
data regarding the age of these shore-lines. 

At Karjaa, a loeality whieh is situated on the same isobase as Lohjcl, 
and 30 km. S.W. of it , the Littorina limit is aecording to Leiviskä 
(1920) 38-38.5 m. above the sea. Consequenl.ly, the Littol'ina limit 
at Lohja, too , lies with fair eertainty about 38- 30 m. above sca-Ievel. 
Lohja is therefore about on the Uusum iso base and is yery snitabk 
as a point of compal'ison. Aeeol'ding to Sauramo the Ancyllls limit 
at Lohja is 69- 70 m. , Yolclia I 06- 101 m. and Zirphaea 112 111. 

abo"e the sea. ]n my re lation diaaram Sauramo's Aneylns C'orres
ponds to the LgVllI shore-level. Yoldia 1 to the LgY- VI sllrface 
and Zirphaea to the LgIII level. 

Sauramo's Aneylus at Lohja thus eOl'responds to Assarson's Cu
SUIll Aneylus. On lower i obases Sauramo' Aneylu,,; shore-level 
coineides with my Aneylu ' (e. y. on the Virojoki- Suursaari iso base) 
and \\'ith the Gotland Aney lus. Aeeording to my diagram Sauramo's 
Aneylus is therefore composed of two shore-leye1s of different <.ge. 
The ease is the same \\'ith regard to v. Post's Ancylus in the sense 
of his explanation of the maximum limit of the Ancy111s tnlllRgre,,
sion in his papers of 1928 and Hl2H. 

Sauramo has not yet been able to estabIish the age of the 70 m. 
shore at Lohja stl'atigraphieally with complete certainty. O\\'ing to 
this he too is ine lined at present (verbal statement). on the basis 
of the material::! at his cliRposal, to refer the 70 m. shore to th e Rha 
phase, i. e. the end of the Yoldia period, to ,,-hic'h it belongs ftl'C'ording 
to my dating. 

In this eonnection it is neeessary to revert onee more to ::;ome 
peat hog profiles. the strfttigraphy of whieh pl'o\Tes in a C'Olwineing 
way that the LgVIU and LgIX shore-levels are older than the An
C'ylllS period in Uusimaa aml Gotland . 

At Illby in the pari h of Poryoo, as already stated (page (j7). 
G. Rudeberg (1025 a) measured a wave-cut cliff. the foot of whiC'h is 
56.7 1l1. aboye sea- level. This shore lies in 111." relation diagram Oll 
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the LgVIII surfaee. Rudeberg's shol'e is therefore of tbe same age 
as the 70 m. beaeh at Gusum and Lohja. I have a bog in the vieinity 
of Rudeberg's shore, Fig. 22, page 67 , the bottom of ",hieh is precisely 
at the level of Rudeberg 's 56 .7 m. beaeh. It is indj sputabl~7 evident 
from the pollen diagram of this peat bog that the formation of 
peat began at this leve l already at the end of the Y oldia period 
0 1' at the beginning of the Ancylus period at t he latcst. The 
strat igraphy of this bog proves that the Aneylus limit is belo,,, thc 
56.7 m. level at this place and in addition that the sea-IeveJ 
al ready fell at the end of the Yoldia period somewhat below the 
elevation of the bog 01' of the LgVIIl shore-line. According to this 
the 70 m. shores at Gusum and Lohj a are also older than Ancylus 
and belong to the Yoldia period, as they correspond in m y relation 
diagram to the LgVIII shore-Ievel. 

The result provided by the above bog is confirmed by another 
bog that I investigated in the same area, Fig. 21, page 67. Th e t hre
shold of this bog is about ,1,3 m. above sea-Ievel. Aecording to rny 
relation diagram the Ancylus limit is 45 m. above the sea at 
this plaee. The bog basin can t herefore have been eonneeted with 
the Ancylus Lake only for a shol't t ime and to a s light extent. Thc 
stratigraphy of the bog a lso leads to this eonelusion. According to 
the pollen eliagram of the bog it i even questionable, whether the 
Ancylus Lake ever rose to the level of the bog. The upper part of 
the clay ooze at the bottom of the bog, sampIe 370 , rnay just as weIl 
belong to the end of the Yoldia perioel as to the beginning of the An
cylus. It may corl'espond most likely to the period that Thomasson 
calls AI anel aboye which only the actual Ancylus transgression 
m aximum period (Thomasson's All) appears in t h e profile. During 
the latter phase tbis bog was a ll'eady shut off 01' was in course of 
separation from the Baltic. 

I have a third bog, too, the eviden ce of which in regard to the 
maximum limit of the Ancylus transgression is very eonvineing. 
This bog (Haukkasuo, Fig. 32, page 111) is situateel in the relation 
diagram in the 30-33 m. isobase zone of the Littorina limit . In this 
zone my Aneylus limit is 45- -50 m. above sea-Ievel and the shore
levels representing the end of the Yoldia period. LgIX- VJll , 55-
60 m. above the sea. The threshold of Haukkasuo bog is about 55 m. 
above sea-Ievel. The final phase of the Yolelia perioel, which is elearly 
marine aecording to my eliatom material , was thus able to make 
itself felt at the level of the bog . At the bottom of the sequenee, in 
reality, there is a horizon that contains brackish-water eliatoms and 
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that I refer to the Yoldia period (page 110). The upper part of this 
stratum apparently rcpresents the LgVIII- IX phase. 

It is, however, more important in this connection to ascertain 
that the formati.on of peat began at this place already at the he
ginning of the Aneylus pm'iod. This appears beyond doubt from the 
pollen diagram of the bog and proves that the Aneylus transgression 
peak is helow the 55 m. level 01' the LgVIII- IX shore-levels in tbis 
isobase zone, 

The eviclence I have quoted is so convincing, that Oll the ba!:;is 
of it my view of the Ancylus transgression maximum appears to be 
correct, an the more so as my result is in eOIllplete aceorclance with 
the Ancylus limit estahlished on Gotland anel Ölancl. As to the eleve
lopment of the Ancylus Lake tbis conclusion. however, afforels so me 
new points oE view. 

The supposed outflo\\' of the Ancylus Lake at Degerfors then also 
be comes an object of attention on my part, for , if the Ancylus limit 
{AI) of my relation diagram is prolongeel at the same inclination to 
Degerfors, it is probable that it does not rise there above the pass
sill of the supposeel spillway of the Ancylns Lake. This result of 
the extrapolation is doubtfu l, however, as Degerfors can so far not 
be plaeed in my relation diagram with the necessary precision. It 
is possible, besides, that the hore-level representing the transgression 
peak of the Aneylus Lake is not quite synchronous throughout the 
Baltic. Neither can it be taken for granteel that the land upheaval 
obeyed thfj same propol'tionate course bet\"een Gusum-Kolmarden 
anel Degerfors as in general. The synchronous shore-levels, e. g. , 
may have subsequently suffered such adeformation tllere that the 
p lacing of shore observations in the relation eliagram in the ordinary 
way will lead to erroneous eonelusions. 

It is therefore premature, too, to assert timt the Ancylus Lake 
elid not elrain into the sea at all through Degerfol's. Thel'e is the more 
reason for saying so. as Thomasson's Ancylus limit anel mine are 
likely to be slightly later than the initial phase of the Ancylus 
Lake. It 1S possible that, at any rate in its initial phase, the 
Ancylus Lake elraineel into t he sea through Degerfors. 

I cannot, oE course, express any final opinioll of tbe elevelopment 
of tbe Ancylus Lake in the present stage of investigation. On the 
basis of my materials, however, some facts have been established 
that should give rise to fresh stuelies oE the elevelopment of the An
eylus Lake. 
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A~ClE~T FLORA. 

In this ehapter J propose to give a short gJan ee at the develop
lllen t of t he pollen alld diatom flora in the area I investigated during 
the phases of the Baltie that I have deseribed and will also touch 
slightly on the question of post-Glaeial elimate on the basis of this 
material. 

L a t e-G 1 a ci alp e rio d. The peat deposits of t his period 
have a trifling distribution in the area investigated and all 
derive from the end of the Iate-Glaeial period. The late-Glaeial 
aqueous sediments, on the eontrary, are abundant. These eonsist 
ehiefly of varved day, elay ooze and sand aeeumulations deposited 
for the greater part during the time of th e Baltie l ee Lake. 

These sediments eontain both pollen grains and diatoms in many 
eases. The oldest strata, however, are as a rule devoid of subfossils . 
It h as been impossible hitherto to divide the late-Glaeial epoeh into 
defined sub-periods on the basis of the pollen ehronology, but it is ob
vious that its older half is eharaeterised by the eomparatively plentiful 
oeeurrenee of P icea pollen. The late-G laeia l maximum of spruee is 
oider than t he Yoldia period. In the ediments of that period pollen of 
Alnus and of rare deeiduous trees: Ulmus, Corylus and T ilia, also 
oeeurs sparsely. Bireh and pine form t he predominant tree assemblage 
oE this period . 

In the very oldest late-Glaeial sediments fresh-water diatoms are 
very searee or else they do not oeeur at all. During the later phases 
of the Baltie l ee Lake, however, the diatom fl ora inereases rapidly. 
It is large-lake flora, in whieh Gyrosigma attenuatum is the eharaeter
istie species. This flora is as 'oeiated as a rule with salt-water species, 
among whieh t he Grantmato]Jhora oceanica and Coscinodisc1~S species 
are the most usual. Possibly these sparse oecurrenees of marine 
diatoms derive from sed iments oldel' t han the late-Glaeial period, 
which have been discovered quite reeently on the K arelian I sthmus 
(G. Brander 1937 and E. R y-yppä ] 937 cl. 

The latte l' half of the late-Glaeial epoeh, the Yoldia period , 1S 
as a rule a time, in which B et1(,la i8 preponderant. There is , however , 
mueh Pinus pollen in these sediments, too. Late-Glacial spru ce 
has disappeared 01' its pollen grains occur ra.rely. At the end of the 
Yoldia period the quantity of pollen of precious deciduous trees in
creases aga.in, eonsisting mostly of Ulmus . At the same time the 
diatom flora develops in the Baltie indieative of elearly marine in
fluence which especially oceurs rather prominently in the sediments 
of the Kf!,relian Isthmus. This flora seems to be primary and proves 
that the 8alinity of the late-Glacial sea, at any rate in the region 
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of th e K arelian I sthmus, \I"aS greatest at that time. A list follows 
below of the principal brac1"ish-water and salt-water species of this 
flora. 

Campylodiscus clypeus v. bicos/ala 2, C. eclwneis 1, Chaetoceros 
sp. 1, Coscinodiscus argus ? 1, C. asleromphalus I , C. lacustris v. sep
tenlrionalis 1, Diploneis didyrna 1, D. incurvata 1, D. inlerrupta J. 
D . Smithii 2, Grammatophor-a oceanica 1, Gy-rosigma balticum 2, Hya 
lodiscus scolicus ] , Mastogloia elliptica 2, M. Smilhii I , M. Smilhii 
v. amphicephala J, Navicula crucicula 1, N. digitor-adiata 1, N. ele
gans 1, N. humerosa 1, N. pereg1'ina 2, Nilzschia commulata 1, N. navi
cularis 2, N. punctata 2, N. scala1'is 1, N. sigma 2. N. lryblionella 2. 
N. lryblionella v. debilis 1, N. tryblionella v. le1'idensis J , N. t1' yblio
nella v. vicloriae 2, Rhabdonema arcua{um I , Rhopalodia musculus l. 
Surirella ovalis 2. 

Besides these species this flora contains fairly plentiful lacustrine 
species. This flora may accompany principally the Lg VIII- IX 
phase \,"hich seems to correspond to Sauramo's Rha anel Thomas
son 's E cheneis Sea. According to my material the sea was trans
gressive at that time. All t hese circumstances probably point to 
the fact that the climate ameliorated at the end of the Yoldia pet·iod. 
1 had co me to t his conc1usion already in an earlier study (E. H yyppä 
] 936). In this connection it is wort h mentioning that in Denmark 
the climate shows distinct signs of amelioration during the latter 
half of the late-Glacial periocl on the basis of the mollusc fauna (Y. 
Nordman ] 928). 

I dealt in greater detail with the question of the late-Glaeial 
elimate in my paper in 1936. 1 t hen inferred that the later phases 
of the Baltic lee Lake (especially the BIll period) were a time of 
eomparatively favourable con tinental elimate. In the earliest Yoldia 
period (Sauramo 's Yoldia I) the climate again cleterior a t ed , but be
eame bettel' at the end of the Yoldia period. No essential correction 
can be made at present in this conc1usion . On the other hand, on the 
basis of my present material it is evident that the dating of the late
Glacial period based on the mieroflora is as yet on an inseeure basis 
in its details . In that ease, of course, a detailed chronologieal divi
sion of thelate-Glacial elimatie conditions is a lso an open question 
at present. 

In the eomposition of the late-Glacial pollen flora in South Fin
land interest is centred ehiefly on precious decidnous trees which 
occur fairly plentifully in several profiles, ]-5 per cent and more. 
In accounting for the origin of these pollen three possible sources 
are to considered : 1) they may derive from strata older than the 
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late-Glacia1 time, 2) they may have been carried a long distance, 
and 3) they may be indigenous to forests that grew in South Fin
land. In view of the paleogeographica1 conditions in South Finland 
during the late-Glacial time it should be eonsidered eertain that 
forests could only grow at that time to any extent worth mentioning 
in the interior of the Karelian Isthmus and in Karelia N . of lake Laa
tokka. I am convineed that at any rate Bet~da, Pinus, Picea and 
Alnus grew at that time in the eastern parts of the Karelian Isth
mus, though not at the very beginning of the late-Glaeial time. The 
forests followed fairly close1y the retreating iee margin, as I haye 
shown on previous occasions (E. Hyyppä 1933, 193G). 

The pollen grains of rarer deciduous trees that oeeur in the late
Glaeial sediments in South Finland seem, hO\l'ever, to have been 
carried from a distanee even to the Karelian Isthmus. This is in
dieated by the fact that these pollen on ly oeeur as a ru1e in the sedi
ments of comparatively deep water. vVhen they ~were deposited, 
most of South Finland wa' sti ll submerged , so that pollen grains 
could be earried with great ease from far sources in the south and 
south-east. 

On the other hand it should be mentioned that material deriving 
from older sediments is most Jikely to be inrorporated in the deep
water deposits. I do not deny at a11 that pollen grains may be partly 
of this origin. On the basi of the available materials. however. 
this re-deposition of pollen \\'ould seem to have oceurred on1y to a 
s light extent, for it is to be noted that in the sediments that are older 
than the late-Glacial epoch discovered hitherto in South-Eastern 
Finland, the flora is of a different type than in the late-Glacial depo
sits now in question. Another important argument against this source 
of late-Glacial pollen is their occurrence in such sediments, the qua
lity of which strict1y precludes such a secondary origin. Late
Glacia1 Picea, e. g., occurs in peat, too, in East Finland. 

Late-Glacial pollen flora and the question of cIimate will still 
require a great deal of research in South Finland, so that it is premature 
in this connection to go into this question further. 

T h e An c y 1 u s per iod is conspicuous for the predomi
nance of pine forests , Betula and Alnus being the prineipa1 trees 
next to Pinus. Pollen grains of rare deciduous trees have now dis
appeared entire1y and only begin to re-appeal' in South Finland 
du ring the Ancylus regression. With the exception of the Karelian 
Isthmus, South Fin1and began to be afforested on1y during the An
cy1us period, when the role of distant derivation decreases in the 
pollen statistics. It. eems on the basis of the pollen flora that the 

3908.- 3 i :28 
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climate in South Finland was more continental during the Ancylus 
period than in the preceding Yoldia period . 

The diatom flora of the Ancylus Lake is decidedly of fresh-water 
type in South Finland. This flora cannot, howeyer , be sharply 
distinguished from the later phases of the Baltic Ice Lake rior from 
the flora of the Y oldia Sea. During the final phase of the Y oldia 
period the diatom flora, at any rate in the region of the Karelian 
Isthmus, develops , indeed, clearly in a marine direction, but contains 
plenty of the same species at that time too, that subsequently live 
in the Ancylus Lake. On the other hand, cliatoms indicating brackish 
water , as , e. g. , Mastogloia species , also occur in the sediments of the 
Ancylus Lake. The fact that the Ancylus Lalm flora lived in shallower 
water than the late-G1acial one, pal'tly exercises a notable contr01 
on the composition of the flora. Eunoti.a Clevei , as has already been 
established (H. Lindberg 1916), is a certain index fossil for the final 
phase of the Ancylus Lake in South Finland. 

T heL i t tor i n a per iod. This period is characterised by 
pollen assemblage clominated by deciduous trees , in ",hich the peak 
of mixed oale forests forms the most important fixed point in post
Glacial pollen chl'onology. In South Finlancl the quantity of pollen 
of rare foliferou' trees amounts in some cases to 20 per cent, but is 
5- 10 per cent on an average anc! often even 1ess. According to the 
pollen flora the principal precious deciduous trees wem Tilia anel 
{,lmus , but Corylus also occurs abundantly in some places. Quercus. 
on the cOlltrar,v, \\'aS rarer. The pollen curve for mixed oak forests 
begins to rise continuously al ready in the final phase of the Ancylus 
[lsriod , but as a rule the spread of these trees and especially the un
interrupted occurrence of Tilia only starts at the beginning of the 
Littorina period. In this respect , however , the pollen diagrams dis
playa great variety, especially those parts which corresponel to shore 
z )ne accumulations. 

The absolute maximum of mixed oak forests is also of varying 
chte in different profiles. In most cases it occurs approximately 
halfway through the Littorina period 01' earlier, which would corres
pond , too, to the optimal time of the climate. During the Littorina 
period Picea appears again among the forest trees. On the Karelian 
Isthmus the spread of spruce begins as a rule alJ:eady at the beginning 
of the Littorina pet'iod, but in U usimaa about the middle of this 
phase. However, there are many exceptions to this rule. Aqueous 
sediments in particular contain Picea pollen in very varying propor
tions whic.h by no means ahvays reflects the areal distribution of 
spruce, but the influence of Iocal factors on the sedimentation of the 
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pollen grains in shore zones. The climate was a marine one du ring 
the time of the Littorina Sea throughout the Baltic region and at its 
post-Glacial optimum, as ha,s been recognised for a long time. 

The Littorina Sea deposits in South Finland contain a distinctly 
marine, abundant diatom flora chiefly consisting oi brackish-water 
species. By means of the diatoms a sharp limit can be drawn between 
the Ancylus and Littorina strata. The most characteristic species 
is Campylodiscus clypeus which often occurs in masses in the Littorina 
Sea ooze. The Clypeus flora reached South Finland at the very be
ginning of the Littorina period. It was not preceded in this area by 
any Mastogloia flora , as ha, been assumed (cf. page 61). 

The post-Littorina period begins, where spruce is on the 
rise towards its post-Glacial maximum and the continuous occurrence 
of precious deciduous trees ceases. The post-Littorina period is actually 
a time of spruce forests in South Finland, when the composition of 
the forests gradually elevelops to its present state. The favourable 
climate of the Littorina period has grown worse. Blytt-Sermaneler's 
detailed theory concerning the changes of climate is familiar to all 
"tudents of the post-Glacial climatic fluctuations. The stratigraphy 
of the pe at bogs in South Finland does not furnish any conclusive 
evidence with regard to this theory: at any rate on the basis of an 
examination of its main features. I have abstaineel in the present 
study from going into this large question. Besides, in regard to the 
post-Littorina climate V. Auer l'ecently published so me new points 
of view, so that I will confine myseH to referring to his l'esearches 
(V. Auer 1933, 1935). 

The post-Littorina pollen flora, is still worth considering in one 
l'espect, for it contains Car]Jinus pollen grains wh ich V. Auer dis
covered already in 1928 in the bogs of Ahvenanmaa (verbal statement). 
Occurrences of Carpinus are met 'with all the way from the Helsinki 
district to the Karelian Isthmus (cf" e. g. , the diagrams Fig. 7. 

page 23. Fig. 14, page 39, Fig. 56, page 184). In almost all cases 
there is only 1 per cent of Carpin'us. It appears at the very 
beginning of the post-Littorina perioel anel continues even past the 
absolute maximum of spruce. The occurrence oI Carpinus in Sweelen, 
too, is confineel to this perioel (L. von Post 1924). It cannot yet be 
asserteel with certainty on the basis of these slight appearances of 
Carpinus pollen that Carpinus grew in Finlanel eluring the post
Littorina perioel, but such a possibi lity is not precludeel. 

In this connection it shoulel also be mentioneel that the accumula
tion of pe at proceeeleel very slowly in South Finlanel up to the Littorina 
period. The actual formation of bog anel of peat only starteel at the 
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beginning of the Littorina period and has continued intensively 
up to the present. The rapidity of the gl'owth of peat has , 'aried 
during this long period being probably due, at any rate partly, to 
minor climatic fluctuations . 1 am not able to discuss these ques
tions, interesting though they are , in the present paper. As to the 
»Highmoors» E. Cran lund (1932) has dealt with them in a merito
rious Inanner. 

The inquil'Y into the development of the Baltic is thus intimately 
connected with the gradual unraveling of the history of the post
Glacial climate and forests. To the same extent as the study 
l'elating to the former progresses, our lmo\\'ledge of the late
Quaternary climatic and forestrial condition ' is also constantly 
increased. 
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