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INTRODUCTION. 

Among the thousands of lakes of Finland Lake Höytiäinen in 
northern Carelia (fig. 1) has aroused greater intere,.;t than most other 
lakes. This lake with an area of 265 square kilometres had a natural 
outlet westward, into Lake Viinijärvi, past the parish ebureh of Polvi
järvi (map, PI. 1). but in 1859 Lake Höytiäinen found a new outlet. 
at the southern end of its basin. Endeavours werc made by meaUR 
of a loek-eanal here to eonneet the said lake with Lake Pyhäselkii. 
aerOS8 the terminal moraine of Jaamankangas. The lock-eontrivanee,.; 
wcre, howevcr . not strong enough, so the waters of the lake foreed 
themselves through and eroded thc canal down to bedrock. Now 
the outlet of Polvijärvi went dry and the surfaee of the lake fell in 
thc coursc of about a month 9. ~ met..rei' or from Wi to 87.5 metre,.; 
a,bove the sea le\' el. 

The cvent was the most striking of its kind in the history of 
lake-drainage in Finland. A vcry vivid deseription of the drainage . 
its nearest eauses and eonsequenecs ha,.; been givcn by E. G. PA,LMJ',C\' 
(1903). The extensive outlet eroded by the volumes of water and the 
structure of thc soil layen; around it, wa,.; studi.ed a fresh after the 
event by A. F. THORELD (1862) , and 'omewhat later by PETER 
KRAPOTKIK, (1876) the famous Ru,.;sian geographer. 

_.\.t prescnt thc outlet of Lake Höytiäinen is a rather insignificant 
riv:er rUlUting along thc hottom of the ravine that ,,-as forme cl b~' 

t.lle eatastropb.e. 
On the sudden faU of the lake a total of 170 square kilometres 

of lake-bottom, which had formerly been under water, was disclosecl. 
The main part of the alluvial area is sitnated in the northern part 
of the basin, the shores of the lake there being gently ,üoping. TJlC' 
eeonomie profit derived from the drainage of the lake is thus eOI1-
eentrated to this part. There were left considerable areas of meadm\'. 
<wable land and forest land. In the southern part where the shores 
are steep there is between the earlier and the present shores of L. 
Höytiäinen a belt of land from 50 to 100 metres broad covered with 
barren sand, gravel and aecumnlations of cobble-stones for the 
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most part. In same pI aces also peat strata with truck :;tump layel'''; 
were disc1osed. These ,.;ubmergecl forests. more than anything haYl' 

drawn thc intereHt of geologists on L. Höytiäinen. 
As an explanation of these fonests two theories greatly differing 

from each other have been presented. TnoRELD, whose early investi
gation was mentioncd above. and la tel' on A. R. HELAAKOSKI (1915) 
assurne that thosc tree trunks and poat fragments havc been pushed 
from the shore of the lake into the water, where the~T were partl.\· 
eovered by the littoral aceumulations. Tho Htub layers wonld aft·er 
the fall of the lake have glided underneath the old s hore line. 

R. HERLIN (189G) adva,need another hypothesis. He carried out 
phytopaleontologieal investigations in great detail and eoncluded 
that the peat layers and stubs in g uestion are in their original posi
tion. The same opinion was later held by W. W. \iVILKMAN (1912) 
who inferred that they !lad co me \lnder 'water beoause the uplift 
of the earth erust in that region hall Iater turned into a sinking 
of the erust. 'rho lIpheaval would have progressecl in an lIntlulating 
manner from the periphery of thc area of glaeiatioll towards itl' 
centre. BLYTT-SERxA:XDI)m's theory concerning the yariation of 
dry and moist periods does not suffice, accorcling to \~TILKMA1'\. to 
explain those submerged forests. 

Since the appearance of the last-mentioned publication rapid 
progress has becn made in the spheres of invcstigation concerning 
the change of levl'l and the peat bogs. 'rhc results attained ha.ve 
helped us to see the earlier research made at L. Höytiäinen in a 
somewhat new light. This lake seemed to represent CL ca::le ,,,,here 
particularly good results might be expeeted, as here the earlier sub
merged areas from whieh the evidences of transgression can be found 
have at a later time heeome disclo ed and are therefore mneh easier 
to study than in other lake basins where the proofs of tran,.;gression 
must he revealecl exclm;iyely by borings tmder water. 

For the purpose of attacking this problem it was agreed betweün 
Professor J. J. SEDERHOLM, Director of thc Geological Survey, ancl 
Professor OLLI HBlKIXHEJMO, Director of the Porest Research [nstitll
tion, that the aut.hori-'; of this publication should together carry Ollt 
an investigation on L. Höytiäincn , as proposed hy Professor VVLL
HELM RAMSAY. 'rhe field observations being the basis of our joint 
pu blication were made by us in the summer of 1927. In t.hese we 
were able to draw attention principally to the investigation of the 
shore peat bogs of L. Höytiäinen, the aneient. shores (with the excep
tion of those belonging to the lake stages) having been previously 
"tudied by SXCRXMO (lD28). rnder thc expcrienccd guidanee anel 
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colla,boration of AC"ER he had a good opportunity of being acq uainted 
with the methods of peat bog investigation in the field . 

He made use of the same advantageous opportunity whcn the 
('ollected material later in the autumn was treated in the laboratory 
of the Forest l~esearch Institution. 1'he microscopic investigation 
of the sampIes of peat was chiefly made by SAURAlVIO , while AUER 
in Humerous cases checked his determinations and chiefly devoted 
hirnself to the history of the development of the flora. 1'he drawing 
nf the plates and maps accompanying our publication have bcen 
made at thc Geological Survey. 

\Ve have thus while working together acquainted ourselves 
with each other's methods and checked them in the field as weH as 
laborator.v work. 



THE DEVELOPMENT OF LAKE HÖYTIA INEN . 

B~' 

MATTI SAURAMO. 

TOPOGR,APHIC AND GEOLOGIe FEA'tTREfl OF TH I~ 

REo rON. 

The neighbourhood of L. Höytiäinen in the northwe,;t, Oll thc 
northern side of the Polvijärvi ehurch, iR for an extE'nt of from 10 
to 30 kilometres a low flat country. Farther away the terrain rises 
100 01' 200 metres above the lake, but in plaees, e. g. at Martonvaara. 
the higher land approaches the shore itseH. The region is also flat 
in the east, but it fells plateau-lilm rather steeply 30 01' 40 metre,; 
to the lake . The whole southern and southwestern shore up to the 
neighbourhood of the Polvijärvi ehureh i, also steep and high. In 
the last-mentioned distriet the shore is more broken than elsewhere, 
and the land-forms are more uneven. 

The form of tbe basin of Höytiäinen is evidently eontrolled by 
the varying eharacter of the bed-rock. It ha. been E'xeavated in that 
part of the Carelian sehist formation where the soft phyllite is alone 
prevailing. The high region in the north is built up of quartzites 
that have bettel' resisted erosion, while in the southeast and south
west the basement of the sehist formation, the granite gneiss, reaehPR 
the surfaee and also forms lugher lands. Between the two protruding 
lUasses of O'ranite gneiss the sehist area extend, eontinuously towardR 
t he south. Here the ponding of the 'water in L. Höytiäinen is probabl.v 
dfected only by the Quaternary deposits, namol~-, the vast massel' 
of glaei-fluvialmaterials of the JaamanJuwgas. 

EIsewhm'e the superfieial deposits ehiefl~- consist of lUorainic 
(trift. lt is in general fine-grained and sand~- . 

Assorted glacifluvial gravels build up rows of esker,.;, molS. 
n jmndantly on the western and llorthwestern coast of the la.ket 
('Iay and silt oceur at levels above the lake surface only in northern 
part of the lake basin in the surrounding,.; of thc long and narrow 
hn,ys as Rauanlahti (map PI. T, point 2). 
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THE OBJECT OlT THE IN \ 'ESTIGATIO:N. 

Peat bogs originally formed on land but later drowned havc 
lJeen founcl in many lakes in Fennoscandia. As an example we may 
mention Lake Hornborga in Sweden which has been studied in detail 
Gy R . SANDEGREN (1912). In Finland we have a similar case in Lake 
\ 'anajavesi . It has been thoroughly investigated by V.ÜNÖ AUER 
(1924), who ascertains, among other things , that terrestric peats 
and old dried soils had, farthest in the south·east part of that basin 
come under a cover of water up to 11. 5 metres deep. 

Fig. 1. Location of Lake Höytiäinen. 

According to both investigators, the transgression in these cases 
I'; due to the regional variation in the amount of upheaval. The 
threshold of the outlet has risen more than that part of the lake basin 
which is fal'thest away horn the centre of upheaval. As the height 
of the threshold determines the water level in the lakes, the water 
surfacc has in the said part of the basin been continually rising. 

The upheaval has in the whole of Fennoscanclia been regionally 
\lifferent. In Carelia the late-Glacial shore levels have warped to
wards the southeast (SAURAMO 1928). Therefore it was expeeted that 
the deformation of the erust would, also during the later part of the 
Quaternary period, have warped in the same direction, and that this 
could be demonstrated in the basin of Lake Höytiäinen. 
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This seemed so much more probable a::; submel'gcd pcat bog" 
have actually been found only in tImt part of the lake basin which 
is on the southeast side of the earlier naturaloutlet neal" the chureh 
of Polvijärvi. The transgression would thus find an explanati.on 
similar to that in the case of L. \'anajavesi. 

Taking this prob ability into consideratioll the question doe" 
not apply onIy to the structure a nd eonditions of deposit of thOHl' 
problematic shore peat bogs and their later dcstinies. Our probl<.'1ll 
widens so as to comprise the development of the whole lake, abovl' 
a11 the challges of the shore-li.nes which hav<.' taken plac<.' in the ba"in . 

:\JETHODS. 

'Ye shan endeavour to explain the ::;hifts of level withill thc bounds 
of this area after the lee Age, and especially thosc of Höytiäineu 
during the period of its lake stage. To this end we shall apply tlw 
evidence of old shores as weIl as of the soils, particlllarly of the peats. 

Tt is not nece sary here to deal with the Il1ethods concerning 
t he said lines of investigation separately. A" regards the in 
yestigation of old shore marks ,""e may reier to RAl\ISAY 'S last 
publication (1928), and to the investigatiol1>; of the prcsent writC'r 
concerning Northern Carelia (1028). In thc sphere of the investiga
tion of peat bogs the met.hods generally uEied in Xorthern Europl' 
developed by L. Y. POST (1909) have hecn applied in the form the.v 
have been adapted, completed and check<.'d oy _--\rER. ahove all in 
his investigation on Lake Vanajavesi. 

In so far as anything noteworthy in the sphere of thc method." 
of peat hog and shore investigations at Röytiäinen may appear. 
special mention will he made helow. An account of the evidencl''' 
for the chronology necessary as a frame-worl{ of the hii"ltory of tlle 
devclopment will he given at the proper places. 

TIME BEFORE THE LAKE STAGE. 

The writer has earried out invcstigationH Oll \Oal"\"(::d sediment" 
in wide tracts of Ccntra] Finland, compri:,;ing thc arca 1l0W undel" 
consideration. Aceording to the results of the"e chronological studie" 
which have not :ret hecn puhJished thc region of Höytiäinen wa" 
released from the iee sheet of the Quaternary j ee Age at the beginning 
of the fini-Glacial epoch, after the SalpaW';selkä "tages. The sandy 
ridges of J aamankangas ponding the lake in thc south belong tu 
that great series of recessional moraine::; whieh run across the whole 
of Fennoseandia. The .Jaamankangas rcpresents, ·within this helt 
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of .,;low recession, the third great halt. t Imt one during which thc 
so-called third Salpausselkä was formed in 'Western 1;'inlanu. This 
halt begins about the year 100 cOll l1ting from the end of the seconc! 
Salpausselkä stage. 

Owing to the scarcity of van'ed Rcdimcnt.s the rctreat of thc 
ice sheet cannot be followed in detail at thc southern part of the basin 
of Höytiäinen itself. The edge of thc iee Rheet arrivecl at the northerll 
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Fig. 3. Paleogeographie map of 
:\forthern Carelia at thc i\neylus 
time. The isobases of the Aneylus 
Lake giyen in llwtres. The iwbasis 
of 114 met res r <'prcsents thc zone 
of th" olltkt in Central Sweden. 

end about the year 450 after the seconu Salpausselkä stage. But 
at the same time considerable masses of »dead» ice had remained 
on the southcrn side of the coherent, »living» ice sheet, especially 
on the proximal edge of the recessional moraine of J aamankanga:;; 
where there is a belt of typical ablation moraine. Detached masses 
of ice have remained also on the bottom of special depressions with 
"teep walls. The e rnelted away as Jate as about the ycar 500, as rna~
be concluded frorn the position of the highest shore of the region!'> 
in question being here lower than in the snrrouncling areas (Fig. 2)_ 
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As regards the ehanges of level. the ;;aid halt at Jaamankanga;; 
reprt:':ients that irnportant stage '\\'hen the Baltie iee-lake and tl1l' 
10eal iee-ponded lakes in the distriet of the watereourse of Sairnaa 
finaJJy drained to the level of the oeean. 'rIte sigm; of the higheRt 
wate; surfaeo '.I·hielt appear in the basin of Höytiäinen represent the 
surfaec of the Yolclia Sea (SALRAMO 1\:)28). Hs absolute elevation 
is at the southern end of the basin 10,) metres. 'ro\\·ard.-; northwest 
the height of the shore level rises 6:3 eentimetre>; per kilometre and 
attainR a height of nearl.v IBO metres on the 110rthern half of t}1(' baRin 
of L, Höytiäinen (Fig. :2 . '1 .. ) and ö), 

L''i,g, -L Shore' cliff of the Yoldia ~oa. l\.in,thl1li . ~\\' of H öytiäiIwll. 
Photo ~L SAURA'ro. 

Thc leyels of the Y oldia , ca and of t hc other shore' .-; urfaees 
are 8how11 in the graph PI. H. They ha"e been de.-;ignated, in 11 

ehronologieal >;ueee'sion, by figures I - lX and their names: Yoldia. 
Eo-Aneylus 1. Eo-Aneylus 2, Aneylus 1, Aneylus 2, isolation shore 
of L. Höytiäinen, shore at the time of the arrival of spruee, shore 
of 1859, and the present shore. Fig. 2 shows seetion;; from slopo 
Gf the lake basin at eertain points where old shores !lave hecn oh
senred and levelled. 

1'he Yoldia Sea stage ends in thc distriet of 1.he Baltie basill a bout 
the year 400 or 450. 1'he next foul' lower shore;; found in the distriet 
of the basin of L. Höytiäinen represcnt the stage;; of the Aneylus Lake 
(see fig. 3, .) and 8) during the time when its outlet was in Närke, in 
('entral Sweden. 1'he immense masses of water that were poured 
out here with a great fall (MlJNTHE H):27) have greatly eroded it;; 
ehanneI. so that the water surfaec in the Ane.vln;; Lake gradually sank. 
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Remarkable enough, these 
cventR are quite plainJy 
registrered by the ancient 
shores here in Carelia, so 
far away from their actual 
"cene. A detailed aecount 
of these relations has been 
givcn in another paper 
(SAFRA::\W 1928). 

At the same time Cl 

powerful transgression took 
place in the Balt.ic basin 
Routheast of that isobasis 
which runs over the thres
hold in Närke. The region 
of Central Sweden had 
ultimately risen so mueh 
that the Ancylns Lake 
found for itself a lower 
outlet. through the straits 
of Denmarle This hap
peneel about the year 900 
w hen the edge of the ice 
sheet had retreated to 
East-Bothnia. vVhen a new 
outlet thllS opened far 
south. transgression in al
most the whole of the 
ßaltic basill. anel also in 
N orthern Carelia, turm'el 
irrto regression. The water 
"urface continued to sinJ~ 
and ultimately sank under
neath the surface of that. 
"trait which has connected 
thc basin of L. Höytiäinen 
with the Ancylus Lake. 
Höytiäinen was cut off 
into an independent lake. 
which from that time 
onward had a special dev
elopment of its own. 



L . HÖYTIÄTNEN AS LAKE. 

THH.ESHOLD AXD JROLATIOX. 

According to our observations. thc neighbourhood of the pari.-.h 
ehul'eh of Polvijärvi is the on1y plaee that can be considered al:l a 
point of isolation of Höytiäinen. 01' in other '\Yords, the place wherc 
it!" naturaloutlet was situated until the :,,"ear 1839. 

T n the deeper depressions of the outlet t.here are t\\'o narrow. 
long pond!". Polvijän-i and l\IertajärYi. The laKt-mentioned. the 

FiQ. 7. The same terraces as in fig. 6 ,;een from 
a distanc('. Photo Y. AUER. 

FiQ.8. Shore <;\iff anel t('l'l'aee of the Ancylus Lake cut 
in an f'sker. I'{auanlahti N \V of Lake 11 öytiäinel1. 

Photo Y. AUER. 
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more eastern one, is ooIy 1.6 metres lo,,-er than the surface of the 
old Höytiäinen. The pond in the south, the lüghest point of the OtÜ

let, may be considered as the real threshold of the old Höytiäinen 
(map Pl. I, point 1). Hs height from the present Höytiäinen is 8.1 

metres. 
The outlet has at this point gently sloping ::; l1ores cut in a hard 

stony morainic drift. Erosion has not been able to deepen it much, 
evidently in consequence of the small fall , nor has in all prob ability 
the surface of Höytiäinen in the course of thousands of years apprE'
ciably sunk owing to the wear and tear of its threshold. 

This position of the threshold influenced the development o[ 
Höytiäinen in a deeisive manner, as, judging by the position of tlw 
shore surfaee of Yoldia and Aneylus , the earth erust has warpet! 
towards the southeast. The line running through the threshold in the 
direetion of the isobases of the said shore surfaees divides the lake 
into two parts, in whieh the later events \vere very different. Regres
sion still eontinued in the northwest part, although much more 
slowly than previously; in the southeast part the earlier regression 
turned into transgression. 

The eutting of the basin as an independent lake thus means in 
itself a change, and in the southern part a direct turning-point in 
the changes of level that took place within the boundaries of the basin . 
The beginning of the lake stage should be registered by a speciall~

developed s h 0 r e 0 fis 0 1 at ion. Hs surface should be in
clined towards the southeast, j ust as that of the Ancylus Lake, but 
less so. lt should cut the shore surface of L. Höyt,iäinen of 1859 
along the isobasis running through the threshold. On the north
western side of the same isobasis , the shore surface of isolation should 
rise above the ancient shore, on the southeastern side again it should 
sink underneath, the more so the farther we go. 

It might be expected that the shore of i .. olation should be best 
developed on the sout.heastern half of the lake. It there represent::; 
that limit, below which thc water surface can never have been after 
the lee Age. Beneath this lowest :-;hore one eannot expect to find 
any kind of shores. It is also the 10west limit of the spreading of 
dry-land deposits, especially of the oldest terrestric and telmatiC' 
peat. These peats as weH as the shore marks have, owing to thp 
transgression that has taken place afterwards 11een later submerged, 
but through the fall of the surface of the lake in 1859 become again 
exposed, though it is likely that they have to some extent ehanged. 

These two theoretieal postulates: that of the existenee of an 
absolutely lowest. shore, and that of t.he 10wesL appearance of the 



terrestric peat may possibly be verified and ascertained by actual 
observations. Of these the appearance of peat bogs and stumps iso 
no doubt, the most palpable evidence and undisputably permits 
but one interpretation. Therefore it is most convenient to commence 
the search of the isolation shore by means of an investigation of the 
peat bogs. 

It is worth mentioning that the layers of peat below the ancient 
shore are very scarce, so scarce in fact that the end aimed at can 
barely be reached. 

I{,ECOHD OF THE PEAT BOGS. 

K u n n asn i e m i, lVI u s ton e n, point 2. Glose to thc 
{arm of lVIustonen, a narrow depression in the direction of the shore 
under a steep cliff belonging to the shore 
of L. Höytiäinen of 1859, where there is 
a peat stratum 1 Y2 metres thick. The 

ws 
.••. . 6 

borings show the structure of the peat r2'Zl 3 
bog to be such as shown in fig. 9. Lowest ~ 4 
there is a rather tllln telmatic Oarex and 
brushwood peat, and upon it also a 
telmatic layer of Oarex-Phragmites peat. 
'ehe main part of the peat bog comprises, 
however, terrestric Sphagnum and forest 
peat, and a layer of stumps occurs in 
the surface part of the last-mentioned. 
The uppermost of these pine-stumps »in 

Fig. 9. Section across tht' 
shore peat bog near Musto. 
nen, 21. Shore of 1859 i,; 
designated by T 1 Phrag. 
mites. 2 Oarex. 3 Forest peat. 

4 Sphagnum. 5 Stubs. 
6 Limit of Picea. 

sitm) rise from the surface of the peat bog and they have been 
greatly worn by the abrasion of the water (Fig. 10). 

The regular structure of this peat bog shows this deposit to be 
in its primary position and to have formed from the beginning above 
the surface of L. Höytiäinen. It has afterwards submerged. 
The shore of isolation must therefore be at a lower level than the 
bottom of this peat bog, or more than 4.5 metres lower than the shore 
of Höytiäinen of 1859. 

K u n n asn i e m i, L a h den p 0 h j a, 22. A coher!;lnt peat 
bog on even ground, the main part beneath the shore of 1859. The 
greatest thickness of the peat is 3 01' 3.5 metres. The sequence of 
layers along the section fig. 11 is overall the same: In the main 
part of the real peat bog there is, lowest, a layer of peat from 1 to 
J .75 metres thick, which is very rich and of a special kind composed 
chiefly of Oa1'ex with Phmgmites and Equisetum. The composition 

1170 - 28 3 
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indicates a telmatic origin . Higher up follow~ a pure CaTex peat 
and then a Sphagnum peat horn 1 to 2 mctres thick with thick laycl''' 
of stumps. 

On the lake siele one meets with a telmatic Amblystegium peat. 
Hild a thin purely linmic stratum under the afore-said Phmgmite.-I 
peat . The basement of the last-mentioned coherent peat depo:-:i t 

Fig . 11. 
J Ca.rex. 

Fig. 10. Stub layer on the surfa<;(> of peat bog n eal' 
~Iu ston(>n, 21 , Kunnasniemi, \V of Höytiäinen. Befon' 
1859 sllbmerged belo,," thc lake w ater, in that ) 'ear 

rliseloRNl <l.t, the suddNI. fall of tllP ]>1,\;:('. 

/+=+1 4 ~ 

~ 5 ~ 

Photo :\f. RACRA 'J(). 

~6 
3 

Section a<;ross lhe shore peat bog M L a hdenp o hj a, 22. 1 Sphagnu'IU. 
3 Phragmiles. * Arnhlyslegium. 5 Limnic mud. 6 Late-Glacial Rilt. 

7 Limit of Picea. 

i" an even terrace cut in sand. It is an ancient \\'ave-cut terrace weil 
prescrved under the peat. A distinct limit of limnic and telmatic 
strata observed in the peat, the limnotelmatic contact, is at tht, 
foot of the terrace, 4.10 metres above the pr sent Höytiäinen and 
.') .·1 0 metres b eneath the ::;hore of 1859. The peat ,· tratum as weil 
HR the shore terracc afforel definite eyidence pcrmitting no OthCl' 



interpretation but that at the said height the 'water line of the oldest 
8tage of L. Höytiäinen , or the s h 0 r e 0 fis 0 1 a t ion. has been 
found. 

Another shore cliff ha::; heen cut int o the pcat itself somewhat 
heneath the contact of Phragmdes- and Carex-peabi ana the limit 
of common spreading of spruce pollen. The peat bog has formerly 

Fig. 12. AIluyil11 land at Lahclenpohja, KUnIl HF11 ipl1l i, 
\r of Lake Hö~·t i äinpn. 1'hoto ' -. Aun~. 

12 

16 15 13 

~~g~§l 
t-=~1 2 

~ 3 
.A 4 

·· · · ·· 5 
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-- ----

Fig. 1:3. Hed ion acro~s the ~hore peM at Syvälahti, 2a. 1 Ca rex. 2 Sphagnll/l/. 
:1 SilL + Stubs. 5 Limit of Picea. The prescnt water line is clesigned by v, th(' 

,,;hor(' of 1859 by """ . 

extended farther, hut wa,-c erosion has worn off a great deal of it. 
n.lmo ·t to t he original limnotelmatic contact. 

Ku n n as n i e m i, S y v ü, 1 a h t i, 23. A peat bog in tlw 
farthe. t corner of the Syvülahti bay , the main part beneath the sho1'e 
of 1859 (fig. 13 and 14). The thickness of the peat layer i· in some 
pI aces nearly 4 metl'es . The upper part of this consists of Sphagnum, 
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peat with stump layer:-;. the lower part ehiefly of telmatie G'ctreJ: 
peat . The limit of the eommon ::;preading of spruee pollen lies hert' 
also at the eontaet. At the bottom there is a thin limnie stratum of 
ooze. The limnotclnmtic eontact is in that part whieh is perfectly 
open tmvards thc lake a.! met res abovc the present Höytiäinen 
aml 6.10 metres beneath the shore of 18:3H. It eviclently shows the 
waterline at the time of the isolation. Even from thi,; peat bog wave 
erosion has , during the time of tram;gression. worn off the surface 
layC'r:-; on the lake "ide. 

Fig. H. J'cat Log <tt Ry'·älahti. \V of L. H öytiäinen. Disclosed 
f rom water in 1859. After this time forest has grown on the bog which 
now again beconles deforested and cultiyated (in thc fore-ground ). 

Photo :\1. SAtJRA'lO. 

,J 0 u t sen nie m i, 19. The peat bog spreacls O ll the bottOln 
of the valley above and below the shore of 1859. (Fig. 15.) Its 
thickness in ::;ome plaees is up to 5 metres. It reminds one of the 
former as to structure, but the limnic strata are eompletely lacking. 
lt represents a ease where the peat bog or at leaRt the remaining 
part of it has formed rather high above the shore of isolation , anel 
only later partly come under water through transgression. 

Pu nt ar k 0 ski, 17. Sohlman's house. Peat layer,; spread 
below the shore of J 859 and have partly been brought under cultiva
tion, (Fig. 16). Stumps and tree-trunks stick out from the surface. 
The peat here evidently represents remains of thicker peat layer,; 
preserved from wave erosion and partly detached from their origi
nal position. The layers were formed before the arrival of sprnce . 
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Fig. 15. Section across the peat bog at Joutsenniemi, 19. 1 Sphagnum. 2 Fon'st IJPat. 3 Care:r. 
4 Stllbs. I) Limit of Picea. ThE' sh o1'(, of ] 859 designatecl b~' ...... . 
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Fig. 16. Section across the shorE' p('a,t 

bog at Puntarkoski, 17 . 1 Sphagnum. 
2 Care.r. 3 Stubs. The shorc of 1 8i)~1 

dE'i;ignated by ...... . 
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Fip:. 17. SE'ction !lcros~ the sh ore p ca,t bop: M !'>t,;kunpuhj ... 
16. 1 }'o]'('st peat. 2 Care.'IJ. 3 Phragmitc8. 4 Limit ()f Pi('erI. 

ThE' shorE' of 181)9 desii!l1ated h~' ....... 

F:::··:···.-·1 2 1",.('"j 3 § 4 1+++++1 5 ..... 6 

Fig. 18, Section aCl'OSS t11c shore PE'll.t bog at Kontiolahti, 
I.", 1 Ooze. 2 Accumulation peat. 3 Forest p eat. 4 Ca7'e~·. 
,J rlmbl7l8tcgil1m, 6 Limit. of Picea . ThE' pl'Pi'ent walPI' 
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Pas k 0 np 0 h j a. 18. As regards its structure and position 
to the shore of the Höytiäinen of 1859 this peat bog (Fig. 17) is most. 
"imilar to the peat bog of J outsenniemi. Jt differs only in so far 
that here also Phmgmites peat occurs below the limit of spruce pollen. 
Deepest there is a layer of peat bog covered with fine-grained sand 
and silt. The basement is evidently a shore terrace, at a height 
\\'hich belongs to the shore surface of the Ancylus Lake. 

K 0 n t i 01 a h t i, 15. A low corner of the bay is in its lowest 
part at great length covered with a thin peat, which represents old 
preabiegnic remains of a thicker series of peat strata, all that has 
been preserved from wave erosion. Upon a sandy bottom there are 
(Fig. 18) first limnic strata and ooze, anel above these a layer of 
telmatic sedge peat and another of terrestric forest peat. T h e 
limnotelmatic contact between these is 
t h r 0 u g h 0 u tel e ara n d a t t h e sam ehe i g h t , 0 n 
ale v e 1 w i t h t h e p l' e sen t s ur f ace 0 f t h e w a t e r. 
On the area covered with water there is recent ooze upon olcl pre
abiegnic formation .. and telmatic brown mo .. s peat at the water line. 

According to the observations described above there are below 
the shore of 1859 thick and very old peat strata »in sitw) at the southern 
end of L. Höytiäinen. TheHe have formed on dry ground, others 
at the very oldest \\'atcr line, Dnring thc time that followed the 
common spreading of spruce the peat bogs were covered with a rich 
forest vegetation. Later on the transgression of water has covered 
and to a large extent destroyed these organogenic terrestric deposits. 

At Kunnasniemi, 22, Syvälahti. 23 and Kontiolahti, 15 the 
formation of peat has from the outset takcll place on the shore of 
the lake on the water line and a little abo"e and below the water. 
rn these pI aces the ]o\\'es t water limit of the lake may be determined 
from the limnotelmatic contact. 'Chis snrface corresponding to the 
shore of isolation, is in the corner of the bay of Kunnasniemi 4.10 

metres, in the peat bog of Syvälahti 3.30 metre;:; above the present 
lake surface and at Kontiolaht.i on a level with it. 

HECOH]) OF THE SHOREtl. 

'rhe lowe,.;t water jimit ascertained at Kunnasniemi by means 
of terrestric peat gave a clue as to the height at which the lowest 
shore was to be sought. It was not in yain that it was sought for. 
In the belt of land between the old and the ne\\' shore an upper and 
a 10wer zone may be distinguished which yery markedly differ from 
each other. 



.if. 8((11/"((1110 H.nd T' . All er: Deyel,opll1 cnr of Lake 'H ,öytiiitimrn. 2.~ 

[n the upper belt there are apparent signs of the geologieal 
agents that onee \\'orked upon the shores. The aneient shore line j" 
in a striking manner indieated by boulders that were pushed by the 
iee in wintertime and whieh are in an upright position, leaning some
wh at inland. In some plaees the boulders have aeeumulated to 
form a eoherent iee rampart. At the foot of the iee rampart there 
<:'xtends a terraee surfaee densely paved with stones. Still lower 
down the bottom is very stony, in many plaees r rranged into row" 
of storres and Romewhat like embarrkments. 

I<' il!. 19. [ce rUlllpart of tlle iso lat ion ~hore at Mush)· 
Iwn. 21, Kunnftsn iem i. W of Lake Höyt iäinen. 

Photo \-. A U EH. 

In the 10\1"('[' belt the grounel is usually sandy 01' eon::;isting of a 
;,t,iJl finer Roil. A few stones may oeeur, but their position indieates 
no push of the iee. In short: signs of the geologieal agents indieating 
the shore are 1aeking. 

The limit of these two belts is usually marked by a distinet 
and eoherent row of Rtones whieh remain strietly at the same level . 
[t is a well-markeel iee rampart: the stones, however , espeeially 
large flat-shaped boulders , do not stand upright as on the shore 
of 1859, but have fallen down and are partly buried under finer soil. 
Apparently the push of the iee has turned them over at the be
ginning of the transgression and at the shift of the shore line, but 
during the eontinued rise of the water they have stayed where they 
were. 

This lowest shore bclow whieh the ground has never been laid 
bare after the l ee Age. in a way forms a counterpart to the higheRt 
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"hore, above which thc land has never been covered with water. 
Between these most extreme shores is the zone where the change:-; 
of water level in the lake basin have taken place. 

The measurings show that the lowest, somewhat deformcd, 
shore lies from 0.3 to 0.5 metres higher than the limnotelmatic C011-

tact on the same isobasis. It is elose to Mustonen (21) 4.2 metres 
above the water surface of L. Höytiäinen, on the northwest shore 
of Kunnasniemi 5 metres and in the south at the mouth of the Kun
naslahti bay it is 3.3- 3.5 metres high. The shore surface is collt-;e
quently warped towards the southeast as rouch as the plane of the 
limnotelmatic contact. 

The ice rampart has formed above the medium water line; the 
limnotelmatic contact again shows the lowe"t level of the water. 
To this is due the difference of height between the said levels. Thus 
completing eaeh other they together distinetly "how the "hore of 
isolation of L. Höytiäinen. 

In the same way we were able to determine the shore of isolation 
in almost any plaee in the southern part of Höytiäinen. The observa
tions have been marked on the map, pI. I, and also on the graph 
pI. II. The surfaee of isolation is represented by the levels going 
through an the observed shore" as wen as the limnotelmatie eontaets . 
The threshold at Polvijärvi finds its place in this level , as could be 
expeeted. Continued on the northwestern side of the threshold it 
meets with a eouple of distinet old shore marks, the one at Rauan
lahti , 4, the other at Martonvaara, 5. The discontinuity in the rate 
of regression, due to it" retardation at the time of isolation, has 
aceordingly registered itself on the northwestern side of that isobasis 
which runs through the threshold. 

The isolation shore is best preserved between the isobases of 
90 and 9"* metres. Within this belt, approximately midway in a 
vertieal direetion between the shore of 1859 and the present water 
line, the aneient shores have most thoroughly eseaped the de"tructive 
agents before and after 1859. 

The gradient of warped shore surfaees affords a means of de
termining the age of the shore by applying a diagram eonstrueted 
by RAMSAY (1926) the abseissa representing time, the ordinate the 
gradients in eentimetres per kilometre. In the present ease t,he 
gradient of the isolation shore surfaee is 39 em/km. Plotted on 
RAMSAY'S diagram this value determines the time of isolation of 
L. Höytiäinen at about 6800 01' 6900 B . C .. or at the elose of the 
lee Age. 

- - - - - ----- --- ------



.1/. 8 auram o anti V. All er: f) c' \'elo pmen t or l .ll1 ~'() H ö~· ti ä.ille.l1 . 23 

SHOHE MARKS BETWEEN THE SHORE OF 1859 AND 
THAT OF ISOLATION. 

The afore-said zone between the shore of isolation and the SU1'

face of the Höytiäinen of 1859 has developed in a special maHner 
in those places where the inclination is greater anel the belt thus 
narrower than usually. 

In such pI aces there are a number of stony embankments besielc 
anel above each other and at nearly equal clistances both in a vertical 
anel horizontal clirection. The narrow 7.One of Halkovaara afforels 
room for only two embankments (fig. 5); where there is more room, 
more of them will be found, even as many as five 01' six. 

A. R. HELAAKOSKI (1915) has describeel these embankments 
on the islanel of J ouhteninen, stating their lowest limit to be 2.5-
3 metres above the present Höytiäinen. They are thus exactly at. 
the above-mentioneel shore of isolation. As far as I have uneler
stooel rus paper they are classeel as primary formations belonging 
to the esker of which the islanel is part. The evielent fallaceousness 
of trus conclusion is shown by the fact that they are not to be founel 
in the esker above the shore of 1859. 

In our effort to unelerstand the origin of these embankments 
we shall, no eloubt, get upon the right track by taking into considera
tion their position between the shore of 1859 anel the shore of isolation. 
They have formeel while the water rose from the level of isolation 
to the level of the shore of 185!). 

G. K. GILBERT (1883-1884) has, in his classical treatise on lake 
shores, elemonstrated that a rhytm is introeluceel in the construction 
of embankments, on shores where transgression is going on. When 
the water surface has risen a certain amount, the embankment 
that had formeel earlier, is submerged and escapes total elestruction, 
while a new one is being built up at a new shore line above. 

It could be supposeel that some of these embankments might 
elepict some special stage in the shifts of level in connection with 
the variations of elrier anel moister perioels wrueh will be cliscusseel 
below. It is not possible more accurately to explain them on the 
basis of the present material. This task as weH as a description of 
the sho1'e of 1859 in its enti1'ety will be a special anel a very grateful 
subject for a future investigation. In trus connection also the shore8 
of the corresponeling time in the area of regression as wen as analo
gical features in other lake-basins shoulel be taken into consideration. 

1170-28 4 
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THE COURSE OF DEVELOPMEN11
. 

THE CHRONOLOGY. 

According to the above result, the lake stage of H öytiäinell 
comprises about 9 000 years or nearly the ,"vhole post-Glacial time. The 
development has gone, in general, in the same manner as we concluded 
at the outset on the basis of facts previously known. Some idea as 
to the many special events which have taken place during that 
long period will be afforded us by the study of the shore peat bogs. 
their structure and the subfossil flora which they contain as well 
as by the whole vegetation from which the peat has been formed. 

For such a history of development we first need a chronological 
frame-work in which we can place the data concerning the varying 
events. In the stratigraphy of the peat bogs the chronologically 
corresponding points can be ascertained by means of the variations 
of the amount of pollen of certain plant species, which variationR 
are synchronous at least on a limited area. In drawing up correla
tions the starting points in the case in question are: (1) The time of 
arrival of Picea and (2) that of Alnus, as also (3) the maximum of 
Betula. Between and near the horizons of peat thus connected pa
rallels may further be drawn by means of (4) the maximum oc
currence of Picea and (5) that of Alnus, as also (6) the general occur
rence of noble foliaceous trees. The pollen diagrams are reproduced 
in plates III and IV, anü the connections are schematically shown 
in fig. 20, p. 37. 

The pollen diagrams thus indicate the relative ages. There 
are, however, two points in the peat bogs which can quitc 
satisfactorily be fixed also in the absolute chronological scale: The 
one is the horizon corresponding to the epoch when spruce became 
common, in the early part of the period of development of L. Höytiäi
llen; the other is the drying of peat bogs towards the end of tlw 
lake stage, which is followed by a moist pm'iod. 

THE POLLEN LIMIT OF SPRUCE. 

The discontinuity in the pollen curve indicating the COlnmOIl 
spreading of spruce may be considered as a very synchronous horizon 
in the southern part of L. Höytiäinen. During the spreading of pollen 
the surface of the peat bogs was, of course, at different height in 
different places. For this reason the pollen limit is not always on 
the same level in the graph demonstrating the changes of level. 
But to the extent the position of the water surface at the common 
spreading of spruce is ascertained, to the Rame extent its age can 
be determined according to the gradients. 
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The ancient water surface can be ascertained in the peat bogs 
which at the time of the common spreading of spruce has been on 
the water limit, by following the course of the pollen limit at the 
limnotelmatic contact in the manner which has been explained 
in detail by AUER (1924). The scarce peat bogs of Höytiäinen do 
not permit the determination of this limit so weIl as for example 
at Lake Vanajavesi. Lahdenpohja, 22, is the only peat bog usable 
for this purpose. Here the limit of spruce lies at a hight of 5.7 metres 
above the present water surface. It gives us about 34 centimetres 
per kilometre as the gradient of the level in question, which means 
a common spreading of spruce about the year 6 500 B. C. 

This determination may from a methodical point of view be 
considered as reliable, for L. Höytiäinen is situated on the very 
zone of those isobases, for which the curve used (RAMSAY 1926) 
has been drawn up. On the other hand it should be noticed that 
the pollen limit may, owing to the compression of the subjacent 
peat, to some extent have sunl{ below its original position. For 
example a fall of 0.5 metres which may be considered as maximum, 
would shift th.e time of the common spreading of spruce about 800 
years nearer to the present time. 

The determination of the time is influenced in another direction 
by the fact that the height of the pollen limit has been measured in 
a telmatic and terrestric peat, thus above the surface of water, and 
not in the limnotelmatic contact, which has been destroyed by wave 
erOSIOn. The determination of time here presented may thus be 
correct. 

OTHER POLLE T LIMITS. 

Thc chronological limit of Alnu8 may, in the same manner ati 
that of the common ,'preading of spruce, be ascertained in the pollen 
diagrams, which indicate its arrival at the place. It, as weIl as the 
still older maximum of Betula, places itself in the bottom layers 
of the peat bogs and is to be found only in those places where the 
disclosure of dry ground has first rendered paludification possible. 
Such a place is Pa konpohja, 16, where paludification might have 
begun immediately after the transgression of the Ancylus Lake, 
about the year 7 500 B. C., when the edge of the ice sheet was on 
Suomenselkä in East-Bothnia at a distance of 200 kilometres. This 
date and the still older time corresponds to the maximum of birch, the 
limit of Alnu8 being probably a little later, at highest a few centuries. 

In the occurrence of Alntl8 there is a double-crested maximum 
below the limit of the common spreading of spruce. Their chronolo-
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gical importance is emphasized by the fact that two separate occurr
cnces of spruce previous to its common spreading are located at thc 
same point in the graph. It may furt her be observed that al 0 the 
pollen of the noble foliaceous trees concentrates at the same point. 
The whole zone of occurrence of foliaceous trees form' a special 
horizon, which according to AUER (see page 36 belo·w) is synchronouK 
in the whole southern half of Pinland. Its upper limit is elose to the 
maximum of spruce. 

TRE RISTORY PREVroUS '1'0 TRE :;\TAXIMUM OF SPRUCE. 

On the basis of the results presented above conelusions may be 
urawn regarding the intensity, modes and causes of paludification 
during different periods. Prom this point of view attention is first 
drawn to the limit of the common spreading of spruce. It divides 
the whole cover of peat into two horizons. The lower preabiegnic 
horizon is nearly as thick as the amount of peat formed after the 
arrival of spruce. Of the time of paludification after the Ancylus 
period, from 1 000 to 1 500 years fall to the lot of the lower layer, 
from 8 500 to 8 000 years to the lot of the upper one. Paludifica
t,ion has thus at first been many times as intense as it was later. 

This result fully agrees with similar observations made else
whe1'e. In the shore bogs of Höytiäinen paludification has, no doubt, 
been accelerated by transgression which earlier was more rapid than 
later. The upheaval has on this zone in the early part of the Ancylus 
period been about 10 met res per century (SAURAMO 1928), during 
the period of the Litorina maximum about 1.5 metres (RAMSAY 1926), 
at present only 0.45 metres per century (WITTING 1918). A greater 
moisture is indicated by the very luxuriant Phragmites peat. 
Vegetation has in those early days been favoured n.ot only by this 
Iocal factor but also by the general factors, the virgin soil and the 
favourable climate. The peat has grown very rapidly even outside 
the sphere of influence of the lake water, representing even there 
a. more hygrophilous facies than during later periods. 

The ehange of the peat vegetation into more xerophilous take;.; 
place after the eommon spreading of spruce, 01' during the first 
thousand of years fOllOwing the Ice Age. Prom this time onwa.rds 
the growth of peat is greatly retarded. To the three 01' foul' thousands 
of years following the common spreading of spruce, corresponds 
stratigraphically only that thin peat layer which remains between 
the pollen limit of spruce and its maximum. The lastmentioned 
point, no doubt, ehronologically corresponds to the sub-Boreal 
period, as we shall see later on. The thinness of the said layer is 
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in harmony with its facies; it is much decayed, real mold, so its 
formation may easily have extended to a great length of time. Whether 
thereare in this horizon embracing such a long epoch, signs of general 
climatic changes is a question to bo solved h:v future, more extensive 
nvestigations. 

THE LAST EVENTK IN THE HISTORY OF LAKE HÖYTIÄINE . 

Upon the maximum of spruce a change universally observed 
takes pI ace in the mode of paludification. The rather hygrophilous 
vegetation previously prevailing passes over into a xerophilous 
forest peat. Especially a certain definite level is rich in heavy StubH 
among which individual tree stumps more than 40 cm thick were 
observed. (Fig. 10, page 18.) A splendid forest was thus thriving 
on the peat bogs; forests like these are no more seen on the peat 
bogs in Finland. 

This can hardly mean anything else than that the climate had 
been considerably drier than earlier and than it is at present. 
Especia11y on shore peat bogs threatened by transgression drought 
and hence a prevailing low water is a necessary condition for the 
spreading of forest. The wave-cut terrace in the peat bog of Lahden
pohja, 22, (page 18) points to the same conclusion. This terrace 
is evidently synchronous with the stub-bearing peat layers having 
formed at a time when the water surface remained long at tbe same 
place. On shores where transgression was actua11y going on this 
could only happen when the water surface in the whole lake remained 
low for climatic reasons. 

After this stage the water has rapidly risen and a11 the shore 
peat bogs have in consequence thereof become submerged at a sur
prisingly quick rate. Now it has no mere been possible for the terraee 
in question to wear to its former low level. On the northwestern 
half of the lake, in the area of regression, this general rise of the 
water surfaee has kept the shore longer than usual at the same line. 
Thus e. g. we could understand the origin of the we11-formed and 
well-preserved ice rampart at the foot of l\1artonvaara, 5, a couple 
of metres above the shore of 1859. 

This sequence of events clearly illustrates the characteristic 
features of the dry sub-Boreal period and the subsequent moist 
sub-Atlantic epoch. Quite the same development is seen in Finland, 
for example, in the submerging of the shore peat bogs and forests of 
Vanajavesi and Puulavesi, in the downward shift of the forest 
boundary in Lapland and in the sharp limit bet'ween the decayed 
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and the raw peat of Hochmoors throughout Northern Europe. Thi~ 
~udden deterioration of the climate dates. chronologically, according 
to Swedish investigations, back to about the year 500 B. C. Thc 
most remarkable and in some respects the most fatal stage in thc 
long development of Höytiäinen, thus dates to a comparativel~' 
late period. 



THE ANCIENT FLORA. 

By 

VÄINÖ ArEH. 

In the microscopical investigations of the profiles of the shore 
peat bogs of Höytiäinen the same methods have been followed as 
those used in the earlier pollen investigations in Finland. Thu:,; 
endeavours have been made to ascertain the relation of the amount 
of pollen to the character of peat and the degree of decay. 
rn this respect tho results have been in general in accordancc 
with those obtained in the peat bog layers of the Kuusamo anel 
Kuolajärvi hilly areas and also in those of the watercourse area 
between Tampere and Hämeenlinna. The least amount of pollen 
was found in the Amblystegium peat layers and in the layers 
rich in Vaginatum as also in certain accumulation peat layers 
of ooarse material. Limnio layers such as ooze and mud, are very 
rich in pollen, also a certain kind of grass-herb forest peat occurring 
near the farm of Vaskela. It is the residue of a rather large peat bog 
which was eroded by the rising water during the transgression of 
Höytiäinen. The place has evidently been a watery herb marsh 
in which pollen could stratify very abundantly so that slides of 
8 X 8 mm in size can contain so me 2 000 or 4 000 particles of pollen. 
The pollen concentration of the Carex and Sphagnum peat appears , 
as a rule, to be such that the more decayed peats are richer than 
the raw varieties. 

In the examination of the pollen diagrams anel the curves of 
different tree species occurring in them the most convenient starting 
point is the spruce pollen limit which, in the basin of the lake, is a 
synchronous point on the series of the peat strata. 'Vith regard 
to this limit the following regularities occur in the course of the 
different curves and the occurrence of pollen in general. 

Pi n e pollen is very scarce in the oldest bottom layers. From 
this minimum the pine curve suddenly rises to its maximum, from 
where it begins to fall again so that a new minimum is near to the 
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limit of the spruce pollen. Afterwards a rise takes place again to
wards the surface. In other diagrams the culmination beneath the 
limit of the spruce pollen forms in its middle part a small fall towardl' 
the ordinate. 

The curves of the b i l' C h in the diagrams are in general 
contrasts to the previous one. Thus in the oldest layers there is a 
great abundance of birch and from this maximum it falls rapidly 
and rises again, so that at the spruce limit 01' somewhat below the 
same it attains a new maximum, from which it gradually falls to
wards younger layers. 

In the curves of s p l' U C e pollen attention is first called to 
the fact that single, and often isolated occurrences of pollen are found 
much below the limit the common spreading of spruce pollen. This 
is so much more remarkable as the sampies for example in profile 2 
have been takcn from the wall of a pit dug in the peat where, no 
doubt, isolated sampies have been obtained. Incoherent occurrences 
of pollen below the limit of the common spreading of spruce are really 
primary. rn this manner they havc now been found also in Finnish 
Lapland, in parts of the shores of Lake Puulavesi in Central Finland 
and in tbe peat strata of Pohjankangas in southwestern Finland. 

It is difficult to say to what extent the incoherent occurrence 
is substantial, for the amount of pollen of such separate pollen 
occurrences is in general so small that an interruption of the curve 
can casually occur any\vhere. Two distinct isolated pollen occurrences 
below the limit of common spreading can, however, be clearly ascer
tained in most diagrams. In those cases where foul' isolated pollen 
occurrences are met with in the diagrams they should, in all probabi
lity, be understood thus that the two upper ones correspond to one 
single upper occurrence in other diagrams and the two lower ones 
to the lower single occurrence in the others. 

The curves of the spruce pollen begin, at the limit of their com
mon spreading, gradually to rise attaining soon their maximum, from 
where it gradually falls. The curve of maximum is, however, not 
regular, but a small depression is usually found in it. 

In the diagrams of al der pollen the lower parts of the oldest 
layers contain remarkably enough no alder at all. In eastern 
Finland we can thus clearly distinguish peat layers which wert' 
formed previous to the arrival of alder. This is the second distinct 
pollen limit, which can now be distinguished in Finland, the first 
one being that of spruce, which has been well known long ago. Tllf' 
limit of alder pollen, again, has not been ascertained earlier in Fin
land. The same was found to be the case in the layers of the oldest 



Rhore peat bogs in L. Puula,eRi, t.he bottom part.s of whieh are withont 
al der pollen. 

The alder eurve rises from its pollen limit to about 10-30 per 
cent and somewhat before the pollen limit of spruce it begins to fall 
and CIoes so up to the sUl'face. It may therofore be determined with 
certainty, that in the amount of alder pollen thcre is a maximum of 
long dnration up to the common spreacling of . pruce. When the 
eurves are carefully compared with each other, the maximum is , 
however, found to be divided into two small culminations. These 
two culminations may bc seen in most diagrams. 

The pollen amounts of n 0 b I e f 0 I i ace 0 u s t r e e s 
(Quercus, Tilia, Ulmus) are conspicuously large as compared with 
those found at the investigations carried out elsewhere in Finland. 
This fact apparently means that in the basin ,of Höytiäinen or in 
its neighbourhood there have, at an earlier pm'iod, been luxuriant 
groves. This supposition is supported by the existence of the grass 
herb forest peat at Vaskela previously mentioned, in which there iR 
an exeeptional abundance of pollen of the noble foliaeeous trees, 
so that in the same slide of H X 8 mm there may be, on one single 
line (magnification: 300 X ) 20 or 30 pollen partieles of these trees. 

The pollen particles of Til'ia are not found quite in the bottom 
layers. They appear very early, but only in so small an amount. 
that it is impossible to define any pollen limit. In some places thc 
eurve breaks off and somewhat above the limit of the common 
spreading of spruee Tilia is very rare. 

The pollen of Ulmus is found in the oldest bottom layers of thc 
peat bogs. In general it is very scaree, so that no definite idea can 
be formed as to the aetual appearance of this tree and its arrival 
at the place. The pollen of Ulmus occurs most abundantly elose to 
the limit of spruee, being coneentrated on both sides of it. 

The 0 a k, is likewise Rcaree, and it is diffieult to give any 
ace urate information of its oecurrence. Quite evidently, however, 
the first pollen of oak are found below the limit of the eommon spread
ing of spruce, but not in the oldest layers and certainly above the 
pollen limit of aldcr. The pollen limit of oak is thus dccidedly at 
hand, though owing to the scarcity of pollen it is diffieult to determine 
aceurately its loeation. The pollen of this tree speeies is most abun
dantly found elose to the limit of the common spreading of spruce. 
below it or a little above. 

Of other micro-subfossils the following may be mentioned. 
Pollen of plant speeies of the Ericaceae family are to be found 

in alllayers of peat bogs. 

I 170 28 
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The Polypodiaceae family is also abundantly represented. In 
addition to Athyrium at least a couple of other spores of specics 
belonging to the same family are found of which there is a ver~' 

great abundance in the grass herb forest peat elose to the farm of 
Vaskela. Several hundreds per slide could be counted. 

Lycopodium is apparently represented by two specie;.; of which 
the one is almost certainly L. selago. 

The pollen of Gmminaceae and Gyperaceae plants are rather 
scarce throughout the wh oIe series of peat layers. 

The pollen of Typha is found in the oldest layers of ooze and mud. 
The Gompositae family is represented in the peat beginning 

from the bottom layers. 
The pollen of the species of Salix have been found in the very 

oldest layers in the same horizon as where Betula has its maximum 
and pine has its minimum. In the youngest layers they are not to 
be found to any considerable amount. 

Of MY1'iophyllum one pollen particle has been fonnd in the 
oldest bottom layers at Vaskela. 

Of Gemtophyllum only one leaf-thorn has been found in a peat 
bog situated in the southwestern part of Höytiäinen in a layer formed 
previous to the common spreading of spruce. 

The pollen of Rhamnus was found in the grass herb forest peat 
a,t Vaskela a little below the limit of the common spreading of spruce. 

We mayaIso mention ' the two big and remarkable-Iooking 
pollen partieles of Epilobium palustre which were found one at Vas
kela and the other in the Porttikallio peat bog north of Höytiäinen, 
in each case elose to the limit of the common spreading of spruce. 

The eurves of the pollen diagrams of the shore peat bogs of 
Höytiäinen are not so regular as those obtained in cOllnection with 
earlier investigations. To all appearance local factors have playecl 
a great part in the cOl1lposition of the vegetation, for it is otherwise 
difficult to explain such a great clifference as that between the very 
luxuriant layer of gras,' herb fOl'est peat at \' askela and the Sphagnum 
strata being of the same age, the vegetation of which must have been 
very barren. Notwithstanding the caprieiou::; loca .variations the 
curves cau, however. be connected betweell Olle an other by mean" 
of the spruce. 

We shall now ex amine by means of the pollen connection in what 
relation the aforesaid regnlarities are to 011e another in the different 
curves. 

The first isolatecl occurrences of spruce pollen, of which two are 
very elearly diRtinguiRhed, are in the eloRest relation also to other 
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pollen occurrences . It is thus evident that in the pollen curves of 
alder there is a rise at level with each of those isolated occurrences 
of spruce and there i' , in general, an abundance of pollen of noble 
foliaceous trees and hazel just at these points. This shows that the 
isolated pollen occurrences of spruce are synchronous in the peat 
bog layers. 

As mentioned earlier, similar isolated occurrences have been 
found in Lapland, in the neighbourhood of L. Puulavesi and in the peat 
bogs of Pohjankangas. Considering, however, that the limit of the 
common spreading of spruce is of different age on all these areas, 
the isolated occurrences in question obviously are not of tbe same 
age in tbe aforesaid regions. Thus we bave here to do with some 
special feature connected with the first spreading of spruce, for it 
has been certainly in a significant manner influenced by local fact on;. 

At the same time that the curves of Betula and Pinu8 as to 
percentage are each other's contrasts, the courses of the curves 
show reversed amounts of pollen. This means that the periods when 
spl'uce and pine were in power have mutually changed places. 

The amount of the Alnu8 pollen begins to diminish somewhat 
previous to the limit of common spreading of spruce. As the question 
is of the diminution of the amount of pollen at a time whcn the spruce 
has no influence whatever upon the percentages of pollen in the pe at 
bogs, the diminution of alder has, to all appearance, taken place 
independently of the arrival of sprucc. On the other hand, the fact 
that everywhere in Finland the curve of alder falls somewhat previous 
to the arrival of spruce, would show that, after all, spruce has 
perhaps played some part in the occurrence of alder. 

As mentioned above, the occurrcnce of the pollen of Q1~ercus 

in the peat bogs is so small that it is not possible exactly to definc 
its pollen limit. It is worth." of note in any case that the pollen of 
Quercu8 is in general more abundant just at those points where thc 
two isolatcd occurrences of spruce and the two maxima of alder are 
found. Thc percentage of Que1'cu8 is high enough to grant the assump
tion that this tree had grown in the tract of Höytiäinen. 

Likcwisc we can assert with certainty that hazcl (Ooryl·u8) 
hak grown in this region, b ecause there is an abundancc of its pollen 
in the peat layers. Its pollen, too, is especially abundant at the 
abovementioned points of the isolated occurrenccs of spruce and the 
two maxima of aldel'. Thc amount of pollen of Ulmu8 shows that 
that tree has also grown much further north than its present area. 

As is evident from this report. the pollen of the noble foliac
('Ollti trees alld the hazel are cxceedingly abllndant in the layers 
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formed before the eommon spreading of spruec but after the arrival 
of alder. This abundanee extends somcwhat above the limit of eom
mon spreading of :-;pruee. The investigation carried out in Häme 
shows that the abundant oeeurrcnce of noble foliaeeous trees in that 
region begins at the bottom layer::; exteuding to about the pollen 
limit of spruee and even somewhat above it. The same regularity 
is notieeable in the investigations earried out in the heaths of Pohjan
kangas in the provinee of Satakunta. Unuer these eireumstaneei' 
there has in Finland evidently been aperiod favourable to the growth 
of the noble foliaeeous trees. The age of this period ean be aseertained 
on the basis of the uge of the pollen limit of spruee. 

As shown by the investigations the spruee arrived at eastern 
Finland about the ycar 6000 B. C., somewhat previous to the isola
tion of Lake Vanajavesi. At the lastmentioneu lake, again, it arriveu 
about 1000 years later. As, thus, the oeeurrenee of the noble foliae
eous trees extends at Höytiäinen a good deal above the limit of 
eommon spreading of spruee, but in the neighbourhood of Vanaja
vesi ends near to the pollen limit of spruee, it is natural under these' 
eireumstanees that the period of the noble foliaeeous trees hai' been 
almost simultaneouR in eastern Finland. 

The fact that oak, elm and hazel have then grown so mueh 
farther north than they at present do, goes to show that the olimate 
must then have been speeially favourable. This period being simult
aneous in different parts of southern Finlanu the assumption of a 
olimatie eause is so mueh more justified. \Ve would therefore eal! 
it the per iod 0 f t h e n 0 b 1 e f 0 1 i ace 0 u s t r e e Sill 
t h e pos t - G 1 a e i ale p 0 e hof sou t her n F i n I an d. 

Aeeording to BLYTT-SERNANDER's formula of elimatie variatiOllPo 
the periods of the noble leaf-trees in question has begun in the early 
Boreal period and during the Atlantie period attained its optimum. 
ending at the beginning of the sub-Boreal period. 

The pollen of the hazel is alreudy found in the oldest layers of 
the peat bogs immediately above the maximum of bireh. In som<> 
plaees hazel pollen is met with very abundantly, whieh goes to show 
that hazel groves have grown in the neighbourhood or possibly at 
the same plaee. 'Vc have, however, not suceeeued in finding any 
hazel nuts. Even hazel pollen oeeurs most abundantly before spruee 
and extends somewhat after the arrival of spruee. 

The investigations eoneerning the aneient shore-surfaces in thc 
busin of Höytiäinen form the baek-ground to the history of the flora. 
As aneient lukes ,,"hose limnie layers are usually rieh in megascopie 
remains of aneient plants, have not been fOllnd in the hasin of thi::; 
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lake, the history of its flora is chiefly based upon those remains 
wJuch could be found by the aid of microscope in the layers of its 

peat bogs. 
As appears from the profile, peat-bogs have originated at least 

on the terraces of the Ancylus stage and probably even in the 
Y oldia period. These are the oldest pea t la yers in tlus area, and their 
botanical structure shows the conditions prevailing at those times. 
During the early stages of the Ancylus period Phragmites, Equisetum 
anel Carex species anel Typha grew on the shores, the floras of which 
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Fig. 20. Diagram showing schematically the pollen 
curves of certain tree specieR . 

CC1,llsed the overgrowth of the then existing small ponds. At that 
time Myriophyllum, probably M. spicatum, was common, and at 
about the same time there probably occurred Cera toph yllum of 
which only one leaf-thorn has been found. 

According to SAURAMO the edge of the continental ice sheet wa,; 
;still situated in the neighbourhood of Suomenselkä, when the great 
fini-Glacial improvement ol climate took place. 'l'he ice sheet vanished 
rapidly anel the climate as wen as the soil disclosed by the withdrawal 
of the watero Hered extraordinarily favourable conditions for the 
spreading of flora. 'l'he great pollen amount of Betula appearing 
in the oldest layers of the area shows that birch was for a short time 
the prevailing tree species anel the Salix vegetation waR also ver:,' 



l'ich. By trus time Coryl1ls was spreading on ::;hore-zones and luxuriant. 
depressions. Pine grew on dry ground, but was still rather scarcl'. 

But the dominance of birch did not last long, for pi ne soon 
hegan to occupy ever larger areas, and the ~mdden rise in the curvl' 
of its pollen goes to show that the period when pine predominatcd 
was of a very considerable length and its spreading very rapid. Th<.' 
first residues of the species of Ulmus and Tilia, are found in earl,\" 
layers; together with COTyl1lS they grew on luxuriant moist habitat,.; 
when birch already predominated. 

When pine began to predominate, Alnus appearcd for the firRt 
time. 1t began to dominate chiefly shore-areas ncar to water and at 
the same time the luxuriant habitats of ancient lakes and depres
"ions. HERLl::\" (1896) has in the soil-layers of Höytiäinen found 
megascopical remains of Alnus glutinosa and A. incana. Whilc 
alder begins to appeal' abundantly, noble foliaeeous trees and CQ1'yl11S 
show two minor maximums and together with these the first signs 
of the arrival of spruce also make their appearance. 

The arrival of spruce is a very noteworthy feature in the histor.\" 
of Finnish flora and particularly in the basin of Höytiäinen its arrival 
ü; remarkable in so far that it is at present the oldest formation wherc 
spruce has oecurred in Finland. 

The faet that two separate oeeurrence:; of spruce pollen previow"i 
to its common spreading are found, proves that the migration of 
spruee really was at that time making progres.·. It is remarkablc 
that at the time of the fir::;t occurrenee of spruee there was still conti
nental ice in the northern parts of Finland and that the sea-shore 
had ehanged from the transgression-shore of the Ancylus lake, 

After the arrival of al der and before the arrival of spruce Quel'cus
migrated to this trate. The regular occurrence of its pollen, although 
irather small n amount, shows that this tree actually grew in this 
region, The period of heat of the late Quaternary time whieh prevailed 
during the Aneulys period, gavc the opportunity of rapid spreading 
for plants and the oceurrenee of noble foliaeeous trees is very consi
derable especially at those times when "prucc becallle common. 
During the period of noble foliaeeous trees TTa]Ja natans (BACK)IAX 

und eLEVE-EuLER 1922, p. 21) spread as far as Maaninka wruch is 
thc northernmost place where this plant, now extinct in thc northern 
countries, has grown. Somewhat previous to the isolation of Vanaja
vesi spruce finally dominated habitats in the neighbourhood of L. 
Höytiäinen probably struggling for plaee with alder and the noble 
leaf trees. As a biotically powerful speeies spruce soon appropriatccL 
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extensive areaf:> spreading fluietly to the north and we,,;t, so that 
>iomewhat later it spread to the region of Puulavesi. 

The isolation of Höytiäinen which happened about the yeae 
(j 900 B. C. at the end of the Ice Age was obviously apt to influencc 
the composition of the shore flora. Phragmites which lived on thc 
coast of Ancylus, grew also along the shores of Höytiäinen after 
its isolation so abundantly that it could be preserved for a long 
time as a relict, in the course of transgression, occurring in Carex 
peat. This Cm·ex-Phragmites peat is characteristic of the bottom 
strata of the shore peat bogs of Höytiäinen previous to the forma
tion of terrestric peat. 

Of the species of the shore vegetation of Höytiäinen, found as 
megascopic l'emains, we will mention Carex rostrata, C. riparia, C. 
limosa coll ., Scirpus lacustris and a certain small species of Scirpus 
(Sc. pal~tster), as well as M enyanthes trijoliata and Coma1·um palustre, 
the two last mentioned being abundantly represented. The shore 
meadows were luxuriant and rich in Ranunculus, Epilobium, Hippuris 
etc. Potamogeton was very common in open water, and in some 
places on the shores there existed luxuriant groves with plentiful 
Rpecise of Polypocliaceae. Some species of M yrtillus existed already 
during the time of isolation as seeds of them have been found in 
the peat. 

The occurrence of the noble leaf trees lasts for some time after 
the common spreading of spruce when owing to the drought of the 
sub-Boreal period the surface of the lake was very low so that peat 
bogs became wooded and large pines grew on them, the stumps of which 
have now been disclosed. Noble foliaceous trees and Corylus became 
considerably scarcer about the same time. After the sub-Boreal 
period the surface of the basin of Höytiäinen rose so rapidly as to 
leave the peat bogs under water. The history of its flora has certainly 
bcen powerfully influenced by the afore-said sub-Boreal, and after
wards by the f:>ub -Atlantic, period. After the sub-Boreal period thc 
northern limits of the noble foliaceous trees began to retreat to the 
south. Thus Quercus receded to the shores of the Gulf of Finland 
and Ulmus and Corylus to the northern coast of Lake Laatokka. During 
later times in the sub-Atlantic period the luxuriant floras of the 
shore areas have disappeal'ed from the southeastern part of the lake. 
In the northwest part of the lake where the surface has slowly re
treated the shore floras formed by aldel' and noble leaf-trees have 
been better pl'eserved. 

Since the surface of the lake fell suddenly in 1859 leaving exten
sive alluvial soils behind it, a new stage has again commenced in the 
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flora. In the northwestern part extensive areas of fields have opened 
out where broadleaf trees are spreading while, on the eontrary, on 
those areas where heaths oeeur, as in the southeastern part, pine 
forest begins to re-oecur on the aneient bottom of Höytiäinen. Thc 
i mportanee of the last mentioned stage for the spread of flora is 
,1 question whieh might offer new and interesting points of view 
for plant-biologie al investigation. 
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Cancrinitsycllit und einige verwalldte Gesteine aUB Kuolajärvi, von WILIII!:LM 
RA~I'AY ulld E. '1'. N\'IIOLM. l\lit ·~ Figuren im Text. nhi 1ti96 ................ 15:-
Ueber einen ometamorphosirten präcambriscben Quarzporphyr von Karvia in 
der Provinz Abo, von J. J. SEDEHllilLM. ~Iit 12 Figuren im 'l\·xt. Dec. ISD5 I~):
Till frägan om det senglaciala haIvets utbredlllng i tlüdra Finland, af \VILlmL~l 
RA~l'AY, jemte Bihang loch 2 af VIC'IOI: HACI,~IAI' och 3 af J. J. t":DEIUlOLM. 
Med en karta. Resume en franyais: La transgressioll Je I'allcionne mel' 
~}aciaire SUl' Ir. Finlande meridionale. Febr. 1::l9U .............. _ ..•.... _. .. 2i'i: 
ueber einen lleliCIl Kugelgranit von Kangasniemi in FinlanJ, von B"I'J. 
FIW~TEHU'. :'lit 2 Tafeln und 11 Figuren illl Text. April Hl96 ............. :W: -
Bidrag till lüi.llnedomen om Södra Filliands kvartära niväförändringar, af 
Ht;G" BI!:I!(HIEJ.L. ~led I km·ta, 1 plansch och jü figurer i toxten. Deutscbes 
RefE'rat: Beitriige zur Kenntnis der qu:U'tii.ren Niveauschwankungen Süd-
:J;:innlands. Mai 1896 ...... , ................................................. 30: 
UbUl' €line arcbäiscbe Sedimentformation im süuwöstlichen Finnland und ibre 
Bedeutung für die Erklärung der Entstohungsweise des Grundgebirges, von 
J.: J. S~:n~;I{HnLM. ~1it 2 Karten, 5 Tafeln und 9ö Figuren im Text. Febr. ISD9 7~): 
Uber Stmndbildungen des Litorinameeres auf dflr Inse l ~Iantsinsaari, von 
JUl.IUS All.lo. ~lit 1 K arte und 8 Figuren im 'l'ext. April 18~8 ............. ;!;): -
Studier öIver Finlamls torfmossar och fossila kvartärflora, af GUl'l'Alt ANDERS-
SOl'. l\led 21 figurer i text eil och 216 figurer ä 4 baor. Det:tsches Referat: 
Studien über dIe Torfmoore und diE' Iossile Quartärflora Finlands. Dec. lSUD UI): 
Esquisse bypsometrique de la FinJande, I:mr J. J. SEDERIIOJ.lII. Avec 1 carte. 

ov. lSU9 ................................................................. 25: -
Les depots quaternaires en Finlande, par J. J. SEDEIWOl.nl. Avec 2 figurer> 
dans le texte et 1 carte. Nov. JSUU ........................................ ~5: 
Neue ~1itteillillgen über das Ijolithmassiv in Kuusamo, von VICTOR H"CKMAN. 
l\1it 2 K arten, 12 Figuren im 'l'ext und 4 Figuren auf einer Tafel. März IDOO 25: 
Der l\1eteorit von Bjurböle bei Borgä, von WILlmLlII RMISAY lind L. H. BURG-
S1'HiiM . Mit 20 Figuren im 'l'ext. März 1902 ................................ . :W: 
Bergbyggnadell i sydöstra Finlnnd, ar BEI'J. FltOSTERU'i. ~led 1 färglagd 
karta, 9 taflo]' och 18 fi<>urer i texten. Deutsches Referat: Der Gesteins-
aufbau des südöstlichen Finland. Juli HJ02 .................................. 70: 
Die Meteoriten von Hvittis und MarjaJahti, von LEOI'. H. BI)HO,TltÖM. Mit H 
Tafeln. April LD03 ••••••••••••••••.••••.•••. ., ................................ :?5: 
Die cbemische Beschaffenheit von Eruptivgesteinen Finlands und der Halb
insel Kola im Lichte des nE'uen amerikanischen S.ystemes, von VICTOI\ 
HACK~IAl<. Mit a Tabellen. April 190ö ....•................... . .........•. 3\!: 
On the Cancrinite-Syenite from Kuolajärvi and a Related Dike rock, by 1. G. 
SUNDE!.!'. "Vi tb one plate oE figllres. August 1905 ........................ 15 : 
On the Occurrence of Gold in Finnish Lapland , by CURT FIRCKS. "Vitb one 
map, lö figul'es anel ll·ontispiece. Nov. 1906 ................................... 20: 
Studier öfver K vartärsystemet i Fen noskandias nordliga elelar. 1. 'l'ill frägan 
om Ost-Finmarkens glaciation och niviiförändringar, a,f V. TANNER. Med 23 
bilder i texten och 6 taflor. Resurne en frallyais: Etudes sur le systeme 
quaternaire dans les parties septentrionales de Ja Fenno-Scandia. 1. Sur la 
glaciation et les changements de niveau uu Finmark oriental. Mars 1907 .. 60: 
Die Erzlagerstätten von Pitkäranta am Ladoga-See, von OT'fO Tl\(j~"l'I,;nT. 
l\lit 1 l(arte, 1D Tafeln und 76 Figuren im Text. ovomber 1907 . .......... 120: 
Zur geologischBn Geschichte des Kilpisjärvi-Sees in Lappland, von V. 'l'AI'NER. 
Mit einer Karte und zwei Tafeln. .-\ pril 1007 ............................... 16: -
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N:o 22. Gr:lJ1itporphyr VOll ÖstArsundom, von L. H. BOHGSTl\Ü ~I. ~Iit 3 Figuren im 
rrext lind einer 'rare!. Juni 10u7 .... ....... ....... ............................ 15: -

~:o 23. 

~ :o 2-t. 

:'\:0 25. 

N:o 26. 

N:o 27. 

~:o 28. 

N:o 29. 

N:o 30. 

:0 31. 

N:o 32. 

N:o 33. 

~:o 34. 

N:o 35. 

N:o 36. 

N:o 37. 

~:o 38. 

N:o 3!1. 

N:o 40. 

~:o 4l. 

N:o 42. 

Om granit och gneis, derns uppkomst, uppträdallde och utbredning inom 
llrbe rget i Fennm,Jm lldi,\. at J. J. S~OI·: I\II(JLM. ~lod cl taHor, e n planteckning, 
on geologisk öfversikt;;karta öfver Fennoskandia och 11 figurer i texten. 
Eno-lish I:)ummary of the Contents: On Granite a nd Glleiss, their Origin, 
Relations alld Occurronce in the Pre-Cambrian Complex oI F e nno-Sca,ndia. 
With 8 plates, a colollred plan, a g eologica l sketch-mup of F enno-Scandia 
and II figures. Juli 19U7 , ............................................... . )0: 
Les roches prequaternaires de la Fellno-Scandia, par .J. J. SIWEIWOLM . Avec 
20 figul'os dans le texte et une carte. J uillot HJ LU ... ..................... :l.',: -
Uber eine Gangfol:!natio!1 VOll fossilienführend<l.m Sandstein auf der Halbin-
sel Längbergsöda-Ojen im Kirchspiel Saltvik, Aland-InsoJn, VOll V. TANNER . 
. Mit 2 1'afoln und 1> Fig. im Text. Mai 1911 ............................ ... 15: -
Bestimm'lI1g dor Alkalien in Silikaten durch Aufschliessen mitte1st Chlorkal-
ziull1, von EEltO i\LiKIl'gl'. ~hi I!Jll. ............... ... . ...................... LO: -
Esquisse hypsometrique de Ja Finlande, pftr J. J. SßDElmol"M. Avec une carte 
et [) figmes uans 10 texte, Juillet 1911 .......... ... ........................ 20: -
Les roch es prequaternaires ue la Finlande, par J. J. SEDERHOLAI. Avec une 
carte. J uilJet IV 11 .................... ' .................. '" . , ............... 20: 
Les depots quftternail'es de la FinJande, pftr J .. 1. SEDIlRHOLM. Avec une carte 
et 0 figures <hnsle texte, Juillet 1911 .................................... 20: 
Sul' la geologie quaternaire et la geomorpbologie de la Fenno-Scandia, par 
J. J. S~~O~;HIIOLM. Avec 113 figures dans l e texte et 6 cartes .. JuilJetI911 .... ;;0: 
Undersökning af ,porIyrblock fran sydvästra Finlands glaciala aB.agringar, , 
af H. H.~US El'. Mit deutschem Refl'rat. 1\1ars ]912 ..................... ... 20: -
Studier öfver de sydfinska Jedblockens spridning i Ryssland, jämte en öfver-
sikt af is-recessionells för!opp i Ostbaltikum. Preliminärt meddelande med 
tvenne kartor, af H. HAUSEN. Mit deutschom Referat. Mars 1912 ............ _ 21l:-
KVftrtära niväföl'ändringar i östl'a Finland , af 'N. W. WILIOIAN. Med 9 fi· 
~urer i texten. Deutsches R eferat. April 1912 .............................. :l5: -
JJer Meteorit von St. Michel, von L. H. BORos·rRöM. Mit a 'l'afe ln und 1 Fig. 
im rl'ext. August 1912 ............ '" .......•.................... " .......... 25: -
Die Granitpegmatite von Tammela in Finnland, von E8RO MÄKINEN. Mit 23 
Figuren und 13 rrabeUen im Text. Januar 1913 .............................. 130: -
On Phenomena of Solution in Finnish Limestones and on Sandstone filling 
Cavities, by PI~NTTI ESKOLA. Witb 15 figures in tbe text. February 1913 .. 21>: 
'V eitere .Mitteilungen über Bruchspalten mit besonderer Beziehung zur Geo
morphologie von Fennoskandia. von J. J. SI!]OEIUlOf"M. ~lit einer 'rafel und 
27 Figuren im Text. Juni 1913 ........................................... ;\5: 
Studiel' öfver Kvartiil'systemet i Fellnoskandias nord liga delar. UI. Om 
Inndisells röl'elser och afsmältning i finska Lappland och angränsande trak-
ter, af . V. TANN~:R. J\Ied 139 figurer i texten och 16 taB.or. Resume e n fmn. 
yais: Etudes sur le Rysteme quaterL1aire dans les parties septentrionales 
de Ja Fennoscandia. IH. Sul' Ja progression et Je cou rs de la l'ecession du 
glacior contin ental dans la Laponie finlandaise et 10:'1 regions environnan-
tes. Oktober 1915 ........................ ........................ : ........... InO: 
Der gemischte Gang von 'l'uutijäl'vi im nördlichen Finland, von Vlc'rOR 
HACIOIAN . .Mit 4 1'abellen und 9 Figuren im Text. nlai 1914 .............. :lO: -
On tbe Petrology of the Orijlirvi region in Southwestern Finland, by PENTl'l 
ESKOLA. Vi'ith 55 figures in the text, 27 figures on 7 plates and 2 co loured 
maps. October 191·( .................. '" ..... , ....... , ...... . ............ 75:-
Die Hkapolithlagerstätte von Laul'inkari, von L. H. BOROSTRÖM. Mit 7 Figuren 
im Text, August 1914 .................................................... 1'1: -
Über Camptonitgänge im mittleren Finnland, von VlC'rOR HACKMAN. Mit 3 Figu-
ren im Text. Aug. J fl14 .............................. ......... ........... 15: -

* Epuisee. 
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