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OEOL. ~61:~s. F ~ I ~ I I A S D L .  Ikl 30. IIiift. 7. 1)cc. 1908. 459 

One of the greatest lacunac in the history of the earth 
has a l ~ a ~ 7 ~  been the complete deficiency of a11 definite chro- 
nological dates. Certainly many different attempts have 
been inade to obtain at least some approximate compu- 
tations of the tinic required for certain geological changes, 
bnt none ever resulted in any reliable, not to  speak of 
really nccurate dates. Thus it inay be of some interest t o  
relate, that ainong the late Qiiaternary deposits of Sweden 
there are a few that show a periodical lamination, wliicli, as I 
hare  fonnd by a long series of investigations, is caused by tlie 
climatic changes in the course of every year. 

The most important of these deposits is the so-called 
Jt~nrfri!/  lo.((r, a seasonally laminated clay, which is quite 
coininonly spread over the low giouiids of eastern Sweden, 
of Finland and of the Baltic Provinces. This clay was depo- 
sited in t h e  Baltic parts of the late glacial sen along the bor- 
der of the receding land-ice by the same sub-glacial rivers 
tlint left their coarsest inaterial a t  the margin of t he  ice, by 
ant1 by bnilding lip tlie great series of subinarginal deltas, 
which foriii the  celebrrttecl ~ d s a i r  (pr. osarj. 

E-rery mild ScilsOn the  ice-border receded one step, lea- 
ving a narrow strip of its doininion to be taken posses- 
sion of by the sea. Thus, erery new annnal layer was, in 

‘?‘/oe. G. F. F. 1908. 31 
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460 G. DE QEEB. Pee. 1908. 

the  direction of the ice-recession, extended a little farther than 
the layer of the prcceding year, like one tile above tile 
other. Of coiirse these tmnsgressional strips 01' layers are 
broader when derivcd from warmer years and nnr rowr  \vhco 
foinicrl during colder ones. I n  this way the receding ice-bor(Ier 
acted as an ideal self-registering 
position and eonfignrntion of the proximnl l imit  of every year's 
layer the esnct copy of the  corresponding ice-liorder and a t  the  
same time a measure of its recession during the  last  year. 

J3y noting the thickness of t he  layers at many different 
points, not too far apart  fro111 cacli other, and embodying these 
llieasiireinents in  diagrams, thus  making them inore easily c0lll- 

parable,. I hare  succeeded i n  identifFing a great niiinber 
layers from point t o  point iintil I reached the  northern limit 
of each successive layer where cvery layer rests directly upon 
the strip of the old sea-bottom, fi.oni which the ice had retreated 
the same year. 

A t  Stockholm and in i ts  neighbourhoocl more than a hund- 
red sections throiigh the  lower layers of the seasonal clay have 
been examined and identified, thns making it possible t o  re- 
cord npon a inap in considerable detail a l l  the sncccssive 
ivinter limits, or ~ c p ~ i ~ ~ c c c . s . ~ c s ,  of the receding land-ice in that 
region. Furthermore, it has been possible t o  represent upon a 
series of maps the thickness of every single year's layer by means 
of iso~iachytes or  lines of equal thickness. These lines hare been 
foiind to be arrange(1 in' semicircular curves around a series 
of centra of the Stockholm-,is, an eslier running through the 
niidst of the town and evidently deposited by the same stb- 
glacial r iver as t he  se:tsoiial clay. 

During different yenrs the distance tha t  the ice-border 
ilielted away, as well as the thickness of the sediment cleposi- 
tcd by  the  melting water, esliibiterl considcrable mriations. 
showing t h e  corresponding changes in the climate. 

To get a general view of these changes for a longer period 1 
have during the  Inst years, with the collaboration of some thirty 

tliermogm])h, leaving in 
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Iid 30. 11. 7.1 ON LATE QUATERSARY TIME ASD CLTJI.iTC. 4Gl 

stndents from the universities of Stockholm and Uppsnln, 1111- 

tlertaken an investigation of a section or line of obser\-ations 
of some SO0 I a i b  in length, running in  the direction of the ice- 
recession all the way  form the  sonthernmost part  of Sweden 
up t o  the  very neighbonrhood of the ice-shed, where the las t  
remnants of tlie ice nielted away. 

This  investigation has s h o ~ ~ - n ,  t h a t  when the ice was re- 
treating from sonthern Sweden the climate wns still relatively 
cold, tlie annual ice-recession being only abont 50 1 1 1 .  In 
complete conformity with this, an arctic vegetation followed 
the  receding ice-border step by  step. Somewhat farther to the  
north in  the northeastern par t  of t he  province of SriiBlantl 
and the adjacent region of Ostcrgijtland the ice-recession \vent 
on somewhat faster or at  about 100-130 111 per anntim. When 
the ice-border had reached the middle par t  of the las t  named 
prorince, it became stationary for 100-200 years, marking 
th i s  stop by a series of the best developed terminal niorsinea 
in Scandinaria. The  came of this break in  the great retreat 
of t h e  ice miist evidently hare been a somewhat colder cli- 
mate. That  epoch having ceased the ice-recession recommenced 
though in  the beginning at a very slow rate,  or (luring the 
first 800 years only at 20 $12 per anniini. Bu t  r e ry  soon after 
that  time the  climate turned milder and the recession rose to  
( a ,  100, 1.50 and even to  200 11t a year. At Stoclihol111 it 
was already 2.50 I U ,  at Uppsala 300, and farthcr north even 
somewhat inore, up to abont 400 m. Yet at several parts 
of t he  long section different seriks of colder years, marked 
hy slower recession, sometimes not exceeding 100 g)t, ha\-e 
been noted. 

Howerer, generally speaking, the recession accelerated with 
the passing of the years, evidently becnnse the climate was 
11ndergoing a lnost remarkable and considerable amelioration. 
The best index of the rising teniperature was doubtless the rate 
of the  ice-melting itself. But  of course it is interesting to note 
that  the plants f o n d  i n  the lowermost layers of the peat-bogs, 

-- 
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4ii2 0.  DE QECI:. 1908. 

representing the species that  iminediately followed the reccd- 
ing lnnd-ice, became mixed up with more and niore tenlpcrate 
forms the farther the ice receded. Thns the arctic plants, 
~ I i i c h  once, in  sonthern Sweden, had been the companions of 
tlie ice-border, practically disappeared when tlie latter reache(1 
the middle of the coiintry, and gm-e place to  the Sn-edisli fir, 
Piic us silrestris, and other plants associated with this tree. 

In  the same way the marine fnma  living along tlie ice- 
border, had its most arctic character when the ice had a grea- 
ter extension, the most northern fornis being found in the ]ate 
glacial iiiarine sediments of Jylland and southwestern Sire- 
den. A t  the same rate as the ice-border receded and the 
climate grew milder, the teinperatnre of the snrface water 
i n  the sea rose, which accords qiiite well with the fact that 
along n great part of tlie west coast of Sweden several tem- 
perate fornis occur already in the shell-beds accumulated in 
shallow vater ,  while arctic relicts are still found in tlie clays 
deposited in  deeper vater .  In this way many of t he  inte- 
resting faiinistic facts brought forward by TIT. C. BK~CCER in 
his excellent worl; on the late Q,naternary changes of level i n  
the Christiania region will receive a new explanation that 
brings them in full concordance with the inrestiantions of the 
synchronous changes of level in Sweden. 

By means of tlie seasonal clay it is flirthermore possible 
to  exaiiiinc almost as nccnmtely :IS may be wished the chnn- 
ges in the late glacial climate of Sweden. Judging partly 
from personal experience, partly froin what is known about the 
general geology of these regions, I think it will also be possible to  
carry out n siniilar investigation in Finland and 1Sstland (Est- 
honyj, thereby determining the dates rcquirecl for the elimina- 
tion of more local variations. Tlius by and by the norninl cli- 
niatic changes that  characterised late glacial northern Europt. 
for several thowand years can he represented by a detnilerl 
dingrain showing the relative teniperatnre, not only of eyer? 
century bnt of decades and also of single years. 
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Ijd 80. 11. 7.1 ON LATE QUATCRSART TIMI: ASD CLIJIATC. 463 

Perhaps la ter  on i t  will  also be possible to extend tliis 
kind of inrestigation t o  some of the  other, once glaciated 
regions, as for instance Xorth America. The coincidencc or non- 
coincidence of the  ~limatological cnrrcs representing such diffc- 
ren t  tracts of tlie earth would show wlicther their glaciations 
had been contciiiporaneoiis or not, and tliiis wliether the glacia- 
tions of the ice-age depended iiiainly upon general or  local 
causes. 

At premi t  I hare chosen tlie year wlien tlie ice-border 
passed throiigh the place mliere the observatory of Stockholm 
is situated, as tho start ing point for the abore described late 
glacial, chronological and climatological record, counting plus- 
years to the north and minus-years t o  the south of that  point. 
Sti l l  it is to  be hoped tha t  this record inay be extended from 
the end of the  late glacial epoch iip to  oiir present chronology, 
by iiieans of certain postglacial deposits, the  acciiirtulation of 
which has been inflnenced by the  annnal snow-melting in tlie 
highland moiintains of Smetlen. 

I n  this way probably it will  be llossible at last  to settle 
tlie question so iiincli discnssed among our botanists, whether, 
as A. HLTTT 'belicred, our flora has imrnigratcd rlnring nlter- 
nating d ry  and humid periods or  not. Furthermore, we niny 
thns  hope to fin& the  deciding tes t  of the theory of E. 1l~Ucr;s~n 
concerning the alternation during every century of about three 
warm-dry and three cold-wet periods. The data hitherto deri- 
x-ed from the late glacial ablation hare  already thrown iniich 
l igh t  upon the climatic crolution diiring the epoch named, 
from the first immigration of arctic plants to  sonthern Sweden 
until  the  time when the central parts were covered with forests 
of fir. It is easy to  understand how nseful such a detailed 
chronological and climatic record will  be by determining, 
on a quite objective physical basis, not only the existence but 
also the  duration of changes, which conld scarcely h a r e  been 
made out, eren in a general way, from only the - certainly 
r e r y  important bn t  of course always incoinplete and some- 
wha t  rague - floristic records i n  the peat-bogs. On the  other 
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43 0.  DE GEEI;. rDcc. 1gOs. 

l~and, it mag be hoped, tha t  in the \ray indicated abo1-e the 
different opinions abont the evolution of OW flora will gain 
a firin ground for reconciliation. Space docs not alloir liie 
here to enter in detail upon these interesting questio,-,s 
which \\-ill be 11iore frilly discussed on another occasion. It 
may only be meationcd, that  the late glacial cliitiate cpi- 
dcntly iras not, as often snpposee'l, a inere increase of the act1lal 
cliinatic oscillations abont a tolerably stationary mean tcliipe. 
ratnre, bnt \\-as cliaracterised by a most remarliable, Pery 
one-siclet1 aild long continned anielioration of the climate. 

Ex-en i f  it should not be possible to obtain the same acc11- 
racy for the post glacial record as for the la te  glacial, still 
it \rill of course be of great interest to get a real  cotinectioll 
between the already recorded fire thousand from the 
late glacial epoch and our  historical chronology, thus a t  last 
obtaining for the first time a real time-scale for the marl-cllous 
climatic and geographical changes connected with the  ice-age 
and with perhaps the iiiost reinarkable par t  of thc crolu- 
tion of mankind. 
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