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Preface. 
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1. In tro d uction. 

A. Problems. 

During my stay in Western Patagonia the question often presented 
itself: Why is the course of the Quaternary glaciations so different in  
Patagonia and Scandinavia, when the  similarities in the  geographical posi
tions - save the latitudes - are so striking? Both regions extend N-S 
within the temperate zone's helt of the Westerl ies. The dissimilarities in 
the eastern limitation would have been without consequences, if the Wester
lies - as supposed - were prevailing also in epochs of glaciation. Near 
the western coast of both regions runs a h igh mountain rang e, the A n d e s 

and the S e a n d e s respectively, which compel the Westerlies to deposit 
their greatest precipitation on their western slopes, and which divide the 
country into a narrow western part with a pronouncedly maritime climate, 
and a broader eastern part with a contioental climate. In both ranges the 
glaciation limit (as also the · firn Iine and the tree limit) inclines greatly 
towards the west. The Ice Age has left deep traces in both regions. Both 
the Andes and the Seandes are characterized by Iong deep fj ords, and 
have a series of glacial lakes of the finger type running along the eastern 
side. Y et, there are great differences as regards the development and loca
l ization of the Quaternary inland ice. 

In Patagonia the Quaternary inland ice caps did not - as far as is 
known - extend much beyond the mountain range, and the ice divide 
remained inside it . 

The Scandinavian inland ice had a pronouncedly eastern position, ex
tending a long way on the other side of the Baltic Sea. It is generally 
supposed that the nucleus region of the ice la y on the eastern side of the 
range from the first formation of an ice cap, the ice moving thence towards 
both the Atlantic and the Baltic. This eastern position has been explained 
by assuming that the precipitation on this side of the range is more ex
tensively solid ,  du e to the lo w er w in ter temperature (HöG BOM I 88 5 ,  p .  3 7); 
another explanation is that the west wind drives the snow over to this side 
(ENQUIST 1916, p .  34  et seq. ) .  For ENQUIST this was a IogicaJ application 
of the important rule he  discovered , that the glaciers l ie on the Iee side 
of the mountains. Just as the snow accumulates on the Iee slope of a 
mountain ,  so must it also accumulate on the Iee siope of a mountain range, 
and when a ridge of ice had formed here it in its turn gave rise to a 
greater accumulation of snow on its eastern side. In this way, according 
to ENQUIST, the ice divide was gradually shifted eastwards, so that already 
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at an early stage it was far out on the lowland,  probably along the Gulf 
of Bothnia. 

The extramontane situation of the Scandinavian ice divide has influ
enced opinions as to the position of the divide of other glaciated regions. 
DE MARTONNE ( 1926, p. 919) writes of Patagonia's ice divide: 'Le faite 
de la calotte devait se trouver a l 'Est de la cn�te principale de la montagne, 
comme en Scandinavie.' QUENSEL ( 1910, pp. 63, 64, 89) and CALDENIUS 
(1932, p. 132) nevertheless supposed the d ivide to follow the axis of greatest 
elevation . 

As Iong as the position of the Patagonian ice divide was not definitely 
known , the difference in formation of the Quaternary ice caps in Patagonia 
and Seandinavia could be supposed to be one of degree. But after I bad 
established a distinct western position for the ice divide in  Northern Pata
gonia (Report I ,  1933, p . . 647), a fundamental difference appeared between 
the picture I bad royself obtained of the Pataganian Cordilieras and the 
one provided by the literature on the last ke Age in the Scandes. 

These are the problems treated in this essay. With the author's own 
investigations in  Patagonia an d Seandinavia as the basis, its aim is to show 
that the conditions in Seandinavia during important periods of the glacia
tions were in ful l  agrcement with those in Patagonia; further, that the 
inundation of the foreland, with an easterly position of the ice divide, was 
the consequence of the later climatical development, including Seandinavia 
in the Arctic zone of easterly winds. In those epochs the higher latitudes 
were of importance. The glaciation phases of Patagonian type recently 
discovered will explain some important features of Scandinavian morphology. 

B. Some Terms. 

a. Iee Divide and Culmination. To facilitate the reading I will as an 
introduction say a few words on some conceptions used in the following 
pages. 

In an ideal inland ice of  a circular circumference, the ice flows radially 
from the centre. This centre represents the ice divide and bears up the 
culminating point of the ice body. Ice divide and culroination coincide. 

In another ideal case the inland ice is confined to a mountain range 
and is , consequently, extended in the direction of the latter. The ice body 
has the outer form of a mountain range, and its ice divide coincides with 
the ice ridge. In early stages this ridge may have various culroinations and 
depressions which later on are substituted by one culmination. 

In most cases the inland ices present an intermediate form between 
these extreme types. Their circuit is elongated. In the direction of their 
greater axis a flat ridge is to be found coinciding with the ice divide. The 
highest point of this ridge I have (1945) called the culmination. The latter 
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Fig. I .  

Systems of Quaternary Terminal 
Moraines in  Patagonia and 
Tierra del Fuego, from CAL
DENIUS 1931. 

Recent so-called inland ices are 
marked as far as known. The 
square earresponds to fig. 8. 

Scale 1 : Io,ooo,ooo. 

of moraines 
>> 
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Flg. 2 .  The chain of the Scandinavian Piedmont lakes, some much enlarged, and the 
level of the actual glacial l imit in hundreds of metres (coarse unbroken or dotted Iine) 
in photogr. reprod. from AHLMANN I93I, cf. I943· The ice divide according to LUND· 
QVIST I942 (fine unbroken Iine). Dash Iine surrounds the Silurian zone of Oslo and marks 
the east limit of the Silurian zone along the border of the Scandes. The seetians in 
figs. 4 and 5 are marked. The squares earrespond to the maps, figs. 10 and 34, the 

cross to Diagram B in fig. I 1.  Scale I : 10,ooo,ooo. C f. fig. 35· 

2-48705 Bull. of Geol. Vol. XXXIII 
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not only follows the ice divide in its migrations. It is also able to shift 
its position along the ice di vide. The direction of flow has two components, 
one in the direction perpendicular to the ice divide, and another along the 
latter out from the culmination .  The resulting direction of flow, as registered 
by the striae, might generally have been perpendicular to the isohypses 
of the ice surface. 

The direction of flow is stated by mentioning the point of the compass 
from which the flow seeros to arrive at the locality, just as in the case of 
the wind, contrary to the Norwegian practice. The scale of compass is 360°. 
The signs of ice flow on the  ma ps symbolize the course of a particle, and 
the arrow head is placed upon the observation poin t .  

b. Watershed a n d  Icesh ed. As watershed is the  word commonly used 
in the sense of a drainage area, iceshed should consequently be used in 
the corresponding sense. Just as in Patagonia the Pacific and Atlantic 
watersheds meet in  the water divide (or continental divide of the waters) , 
so the Pacific and Atlantic icesheds met in the ice divide. 

c. Fjell. In Northern Brita in and Scotland we meet in several mountain 
names the old Scandinavian loan wordfell, corresponding to the Norwegian 
jj'eld, in modern orthography .fjell, and the SwedishJ.j'cll, nowadays written 
.fjäll. The leelandie word is .fjall. I have here used the most central form 
.fjell. In the Swedish sense of the word , jj'ell is a mountain rising above 
the tree limit. Flat undissected areas are a characteristic feature of the 
Scandinavian fjells. Transiated into mountain the word .IJell would loose a 
part of its sense. In the form .fjeld it was formerly sometimes used in in
ternational geographic l iterature. 

d. The Scandes. Only some parts of the Scandinavian mountain range 
have old geographical names. For a short comprchensive term that cannot 
be misunderstood, I proposed the Seand es ( I 944 a, I 948 b) . From a geological 
point of view the Seandes form the Scandinavian part of the Caledonides . 

II. Patagonia. 

A. Formations Attributable to the Iee Margin. 

a. The Termin al M o raines. CALDENIUS gives a good map in colours 
( I 93 I ,  pl .  I ,  I 932 , p l .  42 ; reproduced in fig. I )  of the extent of the Qua
ternary glaciation in  Patagonia and Tierra del Fuego . A helt of terminal 
moraines extends along the eastern foot of the Co�dilleras. At the mouth 
of each major valley in the east horder, terminal moraines follow close on 
one another in the form of concentric arcs: two distinct and more recent 
ones, and - in cases where they are preserved - two less distinct and 
older ones. The corresponding formations attrihutahle to the ice margin on 
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Fig. 3· A 4-facetted panorama by th e author Apr. 29, 1 933. Lake Anna, old cirque 
bottom found by the expedition (Mr RING and the author) in the mountains  to the S. 
of N ahuel Huapi as seen from the Sierra Almenas (4 in fig. 6),  Jooking EN E. Behind 
the lake arises Cerro Bonete 23 1 0  m (5 in fig. 6). The lake runs off over a rock thresh
old to the right towards the Pacific. The ridge to the left, which is the conlinental 
divide of the waters and hides another cirque bottom on its Atlantic side, i s  weil roun
ded by the inland ice overriding it from the righ t to the left. This threshold lies r8oo 
- 1 900 metres above sea-leve!. On Cerro Bonete h orisontal striae of the inland ice were 
found up to the saddle marked with the round point. Above the leve! of that round poin t, 
placed about 2200 m, the mountain was presurnably a nunatak. In the foreground remnants 

of a small glacier. - A very h azy day. 

the west side fall outside the coast, except furthest to the SE (in Tierra 
del Fuego) and furthest N (on Chiloe and in Southern Chile)'; according 
to CALDENIUS, the moraines of S. Chile earrespond to those on the east 
side. Valuable data from S. Chile have been submitted by BRUGGEN (most 
recently 1 934, p. 1 70 et seg.) .  

b .  Lakes a n d  Fjords. Within the youngest of the terminal moraines 
there is usually a lake. This is only in part dammed up by the moraine; 
to a !arge extent it is a rock basin (fig. 6 :  1 6-1 7) .  The inner parts of the 
lakes resemble fjords (fig.  6 :  1 7 , 1 8 , fig. 7 and 8) .  The region round Puerto 
Montt is particularly instructive, giving an idea of the mutual relations of  
lake and  fjord (fig. 7 and 8 ) .  The most southerly lake surrounded by mo
raine arcs in  S. Chile is Lago Llanquihue ( 1 9  on the cross section fig. 6) .  
Lago Todos los Santos ( 1 8) formerly comprised part of it, but was separated 
from it by an eruption of the volcano Osorno (O) in late post-glacial times, 

' In common parlance southern Chile does not include the ChiJean part of Patagonia 
or Tierra del Fuego, which are considered as Colonies. 
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Fig. 4-6. Cross sections. H arizontal scale I: 2.ooo.ooo. Vertical scale I: Ioo.ooo. 
1 = Mountain with cirque, 2 = marginal terrace, 3 = moraine, 
4 = glacial limit, 5 = top surface of the ice, 6 = problematic surface. 

Fig. 4. Section through the northern part of the Scandes. Line of reference marked in pi. II. 
I = top surface of the ice during an intense alpine stage. 

II = mountain ice sheet facing W. 
III = part of the continental ice sheet. 
V = the ice at the time of ice-dammed lakes. 

Glacial limit from ENQUIST 1 932 (dash Iine.) For letters and figures see pi .  II. 

Fig. 5· Section through the central part of the Scandes. Line of reference passes the 
Trondheim fjord Jo km SSW of Levanger, the boundary mark 1 63, and the northern 

end of lake Näckten. 
I = the ice at an intense alpine stage. 

II = mountain ice sheet facing W. 
III = part of the conlinental ice sheet. 
IV= part of the continental ice sheet at a late stage. 
X = the highest possible leve! of an ice surface with the margin m 1 6, if the increased 

local glaciation belongs to that epoch. 
V = a lake-damming ice. 
I= Fongen 109 1 m, 2 = Snasahögarne 1 463 m,  3 = storsylen 1 7 1 1 m, 
4 = Hunnerstötarne 1 5 54  m ,  5 = Helagsfjället 1 796 m, 6 = Herrängsstöten 1626 m, 

7 = Åreskutan 1 4 1 9  m, 8 = Ottfjället 1 26 5  m, 9 = Lundörsfjället 1 503 m,  Jo = Ana
risfjället 1426 m, 1 1  = Västerfjället 1 1 59 m, 1 2  = Hundshögen 1372 m, 13 = Oviks
fjället 1 252 m, 14 =Östersund and Storsjön 292 m, 1 5  = Brunflo, 16 = Ekne by 
the Trondheim fjord (the depths of fjords refer to Yttenm at Levanger). 
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and dammed up. The flooded forest trees are still visible in the lake bed, 
al on g the shores. Lago Todos los Santo s ( I 8 ) has a pronounced fjord 
character, as also Nahuel Huapi lying opposite, particu larly in its western 
parts ( 1 7) .  The nearest southerly equivalent to Lago Llanquihue is a bay 
of the sea, for the bottom of the ChiJean longitudinal valleys here falls 
below sea leve!. But in the east this bay, Seno de Reloncavi, j oins a Iong 
fjord-arm, Estero Reloncavi. This is a genuine fjord,. the most northerly 
one in Chile; at the same time it completely earresponds in position and 
morphology to the just mentioned Lago Todos los Santos (bathymetric 
map in STEFFEN 1 9 1 9, pi. 3 ) . 

The east coast of the Island of Chiloe houses such terminal moraines 
as border new wide basins, flooded by the sea and j oin ing fjord arms to 
the east (Estero Comau, over 500 m deep) . Rut to the south of this, the 
term inal moraines disappear into the sea, and only the fjords subsequently 
testify to the vicin ity to the west border of the Quaternary inland ice. 

c. Relation of the Ice-Margin Formations to the Axis of Highest 

Elevatio n. The first noticeable narrowing off of the glaciation region south
wards is i n  the eastern part of Tierra del Fuego, where the elevation of 
the Cordilieras sinks almost to ni! . Northwards, the narrowing off is due 
to the rise of the glaciation l imit towards the .tropica circle. 

It is extremely interesting to observe the relation of the marginal for
mations to the axis of h ighest elevation in the N, where the western for
mations are also complete. To this end I have constructed a map (figs. 7 
and 8), where I have marked the volcanoes in one special way, and the 
area above 2000 m height of the older peaks in another. For 4 I0 S the 
map is mainly based on my own investigations. Thus I have been able to 
establish that Tronador, N. Patagonia 's highest point (T in the section fig. 
6), is not made up of tertiary rocks, as was previously supposed, hut 
consists of an interglacial volcano (see the h istory of exploration in Report 
7 by LARSSON 1 940, pp. 204-2 I 5 ) . Further, w hen mapping out a region 
N of this, I found that an area appearing on older ma ps as 2 386 and 2 5 50  

Fig. 6 .  Section through the Andes ; Iine o f  reference =L 4 1 °  S .  I I-V= Ice surfaces 
corresponding to different post-Tronadar stages.  G= recent glaciation limit. 

S = recent snow Iine according to PHILIPPI, REICHERT, and KOHN. 
C =  Calbuco (active volcano) 20 1 5  m, O= Osorno (active volcano) 266o m.  
P = Puntiagudo (old volcano, perhaps of interglacial age) 2490 m ,  
T = Tronadar (interglacial volcano) 3470 m . 
I = Cerro Techado 1 88o m, 2 = Cerro Esperanza, 3 = Cerro Frias 1 8 1 2  m ,  
4 = Cerro Almenas point MariscaJ 2200 m ,  4 '  = Cerro Capi tan I824 m, 5 = Cerro Bo

nete 2 3  IO m,  6 = point 2270 m,  
7 = Sierra Lopez point  Lop 2090 m,  8 = Cerro Catedral 2402 m ,  9 = Cerro Monj e  

I573 m ,  I o  = Cerro Utne 2 1 70 m ,  II= Cerro Colorado 2073 m ,  I 2  = Pico Que
mado I8 5o m,  I3 = Cerro Carmen de Villegas I474 m, 13 =4th terminal moraine, 
14 = 3rd terminal moraine, I 5 =2nd terminal moraine, I6 = Nahuel Hua pi 767 m, 
17 =th e western fjord of N ahuel Huapi ,  B razo del Viento, 18 =Lago Todos los 
Santos (= Esmeralda) I2I m ,  I9 =Lago Llanquihue 5 1  m .  Cf. figs. 7 and 8. 
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m high has in actual fact a maximum height of 2041 m (my preliminary 
map published in Report 7 by LARSSON 1940, p. 2 3 5 ) .  

Consequently, if  the  volcanoes are left out of account, the  axis of greatest 
elevation of the Cordilieras will be found to lie considerably further to the 
east t han was supposed, viz. 7I o 'l• W for the region 39  o 'f• - 42 o S.  

This has  very im portant consequences for the  position of the  lake zones 
and the ice divide. They do not lie symmetrically, hut are pushed west
ward in relation to the axis of greatest elevation, the map showing clearly 
how the eastern chain of lakes in N. Patagonia lies completely under the 
axis; the western zone, on the other hand, is so far down the western slope 
that the most southerly lake falls in the longitudinal valley. This  explains 
the striking morhological difference between the western and the eastern 
lakes, in that the former are wide lowland lakes, passing inwards into valley 
lakes, whereas the latter here in the north are exclusively valley lakes. 
Only the greater breadth of the glaciation region to the south permits 
the largest of the eastern lakes to extend in their outermost parts so far 
outside the actual Cordilieras as to earrespond morphologically to the lakes 
of S .  Chile. 

The convergence northwards of the lake zones in accordance with the 
narrowing of the glaciation region provides the best proof of their glacial 
nature. 

It is true that there are also structural Iines converging northwards; on 
the on e side the Iine NNW -SSE (Bio-Bio-Collon-Cura Iine) marked by rivers 
r o, r 2, and 20 in  fig. 7, and on the other the Iine NNE-SSW (the vol
cano l ine) marked by fissure valleys in granite, and volcanoes (abghjkmnor
stuv) and hot springs in fig. 8 ,  which are dealt with in more detail in 
my work 'Nahuel Huapi ' .  But the eastern lakes fall halfway between the 
two structural lines, and the western lakes fall west of the western struc
tural l ine, between it and the longitudinal valley. 

B. The Iee Divide. 

a. Position of the Iee Divide. Thanks to the convergence of the lake 
zones northwards it is possible to make out the approximate position of 
the ice divide on the map in  figs. 7 and 8. The fact that the eastern zone 
in N.  Patagonia lies under the axis of greatest elevation of the Andes im
plies that the ice divide must lie west of this - a position that is retained 
also where the contioental water divide is pushed eastwards. By field in
vestigations Concentrated on the summit levels on the western slope of the 
Andes I have also discovered at lat. 4 I o S in my seetian t hat the high 
mountains of this slope immediately east of the water divide in fig. 6 (3 
etc. ) , were al l  overridden by ice from the Pacific to the Atlantic side. Here 
the ice moved from \VSW,  the ice divide culminating in the south . I go 
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into this in more detail in my work 'Nahuel Huapi ' {Report 6), which is 
being prepared for the press. 

It is quite natural that CALDENIUS, who worked mainly along the east 
border of the Cordilleras, should have conceived the Patagonian glaciation 
to be a valley glaciation.  During my work in the summit region of the 
western slope it transpired that the ice there may be likened to inland ice. 
During the glaciation 's  maximum there was probably no nun atak on the 
western slope S of lat. 40° '/4 S. 

b. Why Was not the Iee Divide o n  the East Side of the Cordi

lleras? The present glaciation in N. Patagonia is largely Concentrated on the 
east side of the mountain peaks : this well confirms ENQUlST's theory of 
the influence of the wind {v. Report 7, LARSSON I 940, PI. III). Considering 
the theories holding for Seandinavia {see Introduction) , one would expect 
to find the Quaternary ice divide on the east side of the Cordilleras, this 
on account of a larger accumulation of snow. 

The wind has an influence upon the position of glaciers during building 
a� well as wasting actions . The influence of the wind on ablation is great 
(ANGSTRÖM I 93 3 ,  SVERDRUP I 9 3 5 )  and therefore a selective ablation may 
play a role. The uneven distribution of falling snow is perhaps exaggerated 
(see SANDSTRÖM I 9 I 3  p. I 5  and I932  p. 240) and may partly be coun
terbalanced by the hoar frost which deposits on the windward sides. The 
observations of explorers do not coincide on the importance of the rede· 
position of drifting old snow {see discussion between LOEWE and WEGENER 
I 93 3 ) .  

Apart from the manner in which the wind exercises the  greatest influ
ence on the position of the glaciers, a mountain peak with its glacier is 
but a small detail in the section across the range. Experiences from a de
tail of this kind must not be thought to be valid for the whole section, least 
of all when the section connects two completely different elirnatic regions. 

The great contrast in elimate between the continental east side and 
the maritime west side in the S. Andes is found at all levels. The greater 
amplitude in the east between summer and winter temperature is expressed 
in the opposed inelination of the two forest limits {LJUNG NER I 939) .  And 
the marked fall westward {fig. 6) of the glaciation l imit ,  due to the cooler 
summers and the greater precipitation there, is a direct ind ication of the 
predilection of the ice for the western slope. These circumstances imply 
that it must be here that the glaciation develops into inland ice. And 
here , too, must the ice divide arise. - As far as may reasonably be jud
ged from the existing map material, the present-day so-called inland ices 
in Patagonia are mainly Concentrated on the western slopes {fig. I ) .  

As regards the S.  Andes there i s  no reason to  suppose the direction 
of the wind to have been reversed during the Iee Age, as ENQUIST { I 9 I 6, 
pp. 50 ,  54) does for parts of the Rocky Mountains in North America. 
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Fig. 7- Southern C hile and adjacent parts of the Argentine. Scale 1 : 3.ooo.ooo. Symbols: 

1 .  Areas exceeding 2000 metres above sea-leve!. 
2. 2 500 
3- An active and an extinct volcano, altitude < 2000 metres above sea-leve!. 
4- Active volcano, altitude 2000-3000 metres above sea-leve!. 
5 - Extinct volcano, altitude > 3000 metres above sea-leve!. 
6. The Chilean-Argentine boundary, with a pass bel o w 1 200 me tres above sea-leve!. 
7- Continental divide, when not boundary, with a pass as in 6. 
8- 1 4. Objects of human geography. See LJUNG NER: N ahuel Hua pi (Report No. 6), fig. 4-
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Fig. 8. Sketch map showing the orographical conditions of Sheet 72 Nahuel Hua pi ( 1 928) 
of the map of the Argentine Ordnance S urvey, with corrections by the author. Scale 

I : 2 .000.000. 

1 .  Water surfaces (with the altitudes above sea- leve!). 
2 .  Areas exceeding 2000 metres above sea-leve!. 
3- > 2 300 }) 
4- Active and extinct volcano, altitude < 2000 metres above sea-leve!. 
5- Active volcano,  altitude between 2000 and 3000 metres above sea-leve!. 
6.  Extinct volcano, altitude > 3000 metres above sea-leve!. 
7- Eruption centre (according to REICHERT 1 9 1 7  and STEFFEN 19 1 9). -Hot spring. 
8. The Chilean-Argentine boundary, with a pass below 1 200 metres above sea-leve!. 
9- Continental divide, with a pass below 1 200 metres above sea-leve!. 

C. The evolution. 

It is of interest in the following cornparison with Seandinavia to see 
how the elements in the glacial landscape developed as the extension of 
the inland ice varied during different periods. The discovery of the inter
glacial pyraclastic formation, which I have called the Tronador series ,  has 
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made i t possible to discern a time sequence. 1 It has been found that the 
glacial morphology was completely developed already before the stratifica
tion of the Tronadar series ; many relics of i t  were found in the central 
part of the lake and in its western fjord-arm, as also in the mountains. 

W ell-developed glacial cirques. have been observed in the central zon e 
and westward in the vicinity of the water divide, with the lowest point a 
little below the present forest limit. So low a firn limit, about 400 m below 
the present one, may well have eaused a valley glaciation affecting the 
proximal parts of the lakes. On the contioental water divide S of Nahuel 
Huapi, immediately \V of the axis of greatest elevation (between 4 and 5 
in fig. 6) , the wall between two glacial cirques belonging to the Atlantic 
and the Pacific drainage, respectively has been worn down into a thresh
old and polished by a Pacific ice stream, whose upper surface probably 
reached about 2 200 m above sea leve! (fig. 3 ) .  Another rid ge (7), just by 
Nahuel Huapi's southern valley side and more than 2000 m above sea leve!, 
has been rounded off by an ice stream about 2 1 00 m above sea leve!. On 
this ridge an interglacial tuff has been deposited, in its turn overridden 
by an ice stream from the west. The formation of a glacial 'plate' (term 
by AHLMANN 1 919 , p. 1 28) by a "firn glacier on the east side of the ridge 
subsequently restared the crest shape. 

As QUENSEL stated, the lakes of Patagonia are rock basins. And as 
far as their position can be determined, it  is usually the fourth moraine 
are that marks their terroination eastward - sometimes the third (counting 
from the outermost) . At Nahuel Huapi the distance between the moraines 
is relatively !arge, and only the fourth one is distinct. Only an arm of 
the rock basin reaches possibly the third are. 

I have, however found several boulders of the Tronadar series in both 
the fourth and the third moraines (the outer ones have not been investigated) · 
As the lake basin ,  on account of the interglacial remains preserved in 
its central and western parts, must be regarded as older than the rocks of 
the Tronadar series, it must be assumed that earlier glaciations or stages 
have also existed with the same extension as that marked by the fourth 
are. 

The position is the same on the west side of the Cordilleras. There 
the ice has made its way on to the lowland. The basins Llanquihue (more 
than 200 m deep according to bathymetrical curves on the international 
map of the world) and Seno de Reloncavi have there been formed by lobes 
projecting on to the lowland, but BROGGEN ( 1 934, p. 1 7 1 ) discoverad two 
strata of Geschiebemergel further west, at the mouth of the River Maullin. 

' LJUNGNER 1 93 1 ,  p p .  255-2 57; 1 933 ,  p .  646; 1 935 ,  p .  1 10 et seq. The geology of these 
deposits is  dealt with in more detail in  my as yet unpublished work " N ahuel Huapi" ,  
which in parts apposite here is reviewed by LARSSON ( 1 940), where my maps are also 
published. 
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Fig. 9. Glacial-morphologic regions in a seetian 4 1 ° S (schematically). 
The letters A-F refer to the Iines of the profile. - A. Sea-level. - B. Bottom of 
valleys and lakes. - C. Maximum h eight of summits. - D .  Recent glaciation limit. 

E. Glaciation limit of the ice age. - F.  Surface of the Quaternary inland ice. 
Figures 1 -6 refer to the areas of the seetian included within the Iines B and C .  -
r. Recent local glaciation. - 2. Cirques from the ice age. - 3· Glacial forms lacking. 

- 4.  Recent local glaciation, and sculpture forms of  the inland ice. - 5·  Sculpture 
forms of the inland ice and, in  5', cirques from the advance and the regression. - 6. 

Sculpture forms of the inland ice only. 

Thus, on the Chilean side, too, the lakes were renewed as far as younger 
glaciations extended. 

If the position of the lake basins bad been more uniform in relation to 
the border of the Cordilieras we might ascribe the former to an increased 
erosive effect at a certain point of the section . Without wishing to deny 
the importance of such an effect (particularly for the depths of some lakes) ,  
I would nevertheless l ike to point out that the map shows the lake basins 
to be clearly associated with a certain position of the ice margin. This 
position was probably held during large parts of various glaciations. Fig. 9 
illustrates [schematically] the regional distribution of glacial forms in the 
Cordi lleras . 

III. Scandinavia. 

A. Introduction. 

In expounding the evolution of the Seandes during the last glaciations, 
I shall concentrate on two sections, whose positions are given in fig. 2 .  

The sections, figs. 4 and 5 ,  show that i n  breadth and height the Seandes 
are fully comparable to the Andes in their Pataganian extent. Their maxi
mum height is in the N. 2 , 1 2 5  metres (Kebnekaisse) and in the S .  2 ,468 
metres (Jotunheimen) . 

In the Seandes the glaciation limit shows an inclination similar to that 
seen in the S .  Andes (figs. 4, 5 ,  6 ,  2) .  Its height has been determined by 
ENQUIST ( 1 9 1 6, 1 9 3 3) and AHLMANN ( 1 924, 1 934) according to the so-cal
led top method (ENQUIST 1 9 1 6  p. 1 I et seg.) .  The rise eastwards of the 
glaciation limit is due to the increasing continentality in the same direc
tion ; i t must therefore be ass u med that this rise would persist even if the 
glaciation limit sank low enough to touch the mountains of the eastern 
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slope. I have dealt, in another work, with the glaciation l imit and other 
elevation l imits ( I 944 a) . I shall be return ing below to the circumstances 
of the Pleistocene (§ III B 2). 

In Seandinavia we speak of two glaciations of Pleistocene Age, the 'great' 
one and the last one. In the following pages I will treat two glaciations, 
the first of which has hitherto been unknown but seems to be closely allied 
to the last one. There are reasons to include both in the last glacial age 
or glacial epoch (Eiszeit) of the Quaternary Iee Age .  

Of the northern section, I have myself investigated the Swedish part 
up to some way past the water divide; I have also flown over the Nor
wegian part down to the coast ( I 939) , w h ich I have in addition studied 
during a coastal journey ( I 93 8). I have travelied over the Swedish part of 
the southern seetio n ( I 920, I 944), as als o through som e parts of the N orwegian 
portion ( I 93 8) , hut only on excursions. In this section, therefore, the account 
is chiefly based on reports from the l iterature and studies of ma ps.' I have 
had the opportunity of making short field studies in some other sections, 
among them the Kiruna-Narvik-Lofoten one ( I 93 8) . The ones here selected 
seem nevertheless to be most representative as regards position. Various 
flights in I 939 along the mountain range for reconnaissance or mapping 
and one in I 946 have made it possible to obtain bird's-eyeviews. 

To the names of mountains and lakes referred to in the text and in 
the illustrations there are generally added in ( ) their letters or figures on 
pi .  I and fig. 4· 

B. A Section through the N orthern Part of the Sean des. 

x. Positions of the Iee Di vide as indicated by Minute 
Sculpture Forms. 

a. Remarks as to Method. Generally, it has not been considered pos
sible that glacial striae and stoss sides should be extant from the earl ier 
phases of the last glaciation (ENQUIST I 9 I  8 p .  23) ; even the existence , in  
central parts, of striae from the time of the maximum spread of the last 
ice sheet has been denied (SJÖGREN I 909 p. I I I , TANNER I 938  p. 434, 
AHLMANN 1 944 b) . The varying directions of sculpture, therefore, have 
been regarded as eaused by reduced ice masses of the latest phases of 
glaciation, if not - as i n  the case of the zone of the ice divide - as an 
expression of erratic movements. In order to determine the position of the 
ice divide - which only could mean the last one - that Iine or zone has 
been searched for, from where the predominant striae or sculpture show 
an outflow in two opposite directions. Difficulties have then arisen in the 

' At about 1° to the S ,  however, a regional stud y was made in 1 946, the results 
of which are added as § III Cc. 
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interpretation of existing striae, since the direction may easily be misread 
I 80°, and an 'apparent' stoss side be confused with a 'genuine' on e .  Man y 
investigators have emphasized this, and it has often lead to a reinterpreta
tion of one 's  own and others' observations (examples below) . 

As in my regions of investigation the glacial forms as a rule are com
plex, I have tried (since 1 93 5 ) to follow the evolution of the forms in each 
case, and it is evident that all outcropping surfaces of the region have 
a common h istory. One stage may be badly represented or lacking in sorne 
outcrop,  but in another we can find it dornirrating the sculpture - the 
difference being mainly due to the difference of rock. In this science i t  is, 
thus , indispensable to observe also smaller " irregularities", hearing in mind that 
these ma y also represen t features characteristic of their corresponding stages.  

The science thus developed, which rerninds of the analysis of a palimp
sest, has by me been referred to as "hällanalys", i .  e .  analysis of the glacial 
surfaces of outcropping rocks . It cornprises four parts. Directional analysis 
gives the d irection of the strearns ; successional analysis gives their relative 
age ; qualitative analysis gives their degree of plasticity, whence can be 
deduced the i r ice thickness ; and quantitative analysis gives their relative 
d urability. 

It is evident that the science in question requires decisive and obj ective 
methods. Al l methods are not applicable to all cases. I have studied and 
tried out all existing rnethods, refused sorne, and added new ones. For 
each of the two first narned parts of the analysis I have five. This is not 
the place to describe thern. I have treated thern in part in earlier works 
( 1 92 3 ,  p. 1 2 ;  1 930, p. 287 ; 1 944 b, pp. 2-4. 1 5, 2 1 ) . 

It is obvious that in these evolutional studies the use of the predomi
nant sculpture as an indicator of the ice divide must be refused, as must 
the average of the directions of striae. 

b. The younger streams on the Bothnian slope. On the Bothrrian 
slope of the Seandes I have made a study of the ice rnovernents. The 
results are presented in the series of rnaps in tig. 1 0. I wil l  cornmence 
with map b, as scratches belonging to that systern, from the SE, have Iong 
been known in that part of the Scandes .. Map b earresponds to a position 
of the ice divide on the foreland, also evidenced by the spread of granitic 
boulders from the foreland all over the mountains. 

The map, however, demoostrates a further development of the ice ftow. 
The direction from the east in map c implies a turning counter-clockwise, 
eaused by a migration to the N of the culmirration point of the ice divide, 
and this turning continues to the NW in d, indicating an ice divide situated 
about half-way between the border of the mountain range and the water 
d ivide. ' I have often followed the boulder trains origirrating from known 

' The striae of the western half of map d (fig. 10) were found in I946. As the young
est striae of their tract they bad to be placed here. They form a right or slightly obtuse 
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Fig. 10. Directions of striae from 9 epochs on the Bothnian slope of the Scandes, close 
to the S. of the Arctic Circle. For situation, see figs. 2 or 35 and pi. I. Scale 1 : 1 .6oo.ooo. 
- 1 .  Frontier. - 2. Water divide.- 3· Axis of mass elevation, according to ENQUIST 
1933. - s. Limit between the rock series of the mountain range (to the left) and their 
granitic subdeposits (to the right). - 6. Glacial striae, the. head of the symbol indicating 
the locality. - 7· As in 6, hut the striae do not for certain betong to the epoch of the 

map in question. 
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Fig. I I. Spiral diagrams of the 
evolution. All localities between 
I6° 30' and 1 7 ° 30' Iong. East on 
fig. Io (i. e .  the eastern h alf of 
each map) are placed in the centre 
A,  but only the symbols of the 
oldest and the  youngest directions 
are drawn. The turning from the 
oldest to the youngest direction 
is  symbolized by a spiral. Dashed 
parts of the spiral are not repre
sented by known striae. Diagram 
B refers to a trac t on the lower 
foreland of the Skellefte-River, 
indicated with a cross in figs. 2 
and 35- It earresponds to the 
epochs b-d in  diagram A. The 
imaginary starting point of  the 
ice flow was successive ly I ,  2,  3 ,  4 ,  
and 5 (see text). From k on the  
ice  was  in B rigid, indicating 
a smaller thickness and a more 

distant ice divide. 

·I l· 

r 

(j) 

3 1  

outcrops for a mile towards the SE. In some cases I have mapped them, 
where ground is known by outcrops and borings. In that position the ice 
divide gradually loses its importance. There are striae (e) implying a further 
turning counter-clockwise, but they belong to so late a stage that the higher 
mountain ridges dividing the great valleys had already begun to be ice free, 
and the melting on their southern slopes, accelerated by the insolation, eaused 
a campensating movement of the ice remnants of the valleys from the south . 
A sometimes extensive plucking, i .  e. laosening by breaking, but a very short 
transport of boulders was connected with that flow. An impenetrative field 
of ashlars · showing on e polished side and covering a polished rock surface 
was the result. 

angle to the striae of the eastern h alf of the map. There was obviously a culminatian 
on the polar side of the region - already proved by map cd illustrating the counter
clockwise turning. If the angle had been acute, the striae of the western half rnigh t 
hade been Jooked upon as traces of the ice divide i tself. Now they must represent the 
opposite (western) side of the ice divide, the trend of which might h ave been N-S or 
N NE-SSW passing the centre of the map. - An interesting fact was the find, also made 

in I 946, of the traces of an ice-dammed lake occupying the environs of the actual lake
system of Bosjusjaure-Tjålmejaure and its tributaries, where also the striae in question 
occur, and at a leve! of r oo  metres above the actual lakes mentioned. The nucleus of 
the ice body, which at this later stage dammed the waters, was consequently also situated 
to the east of the striae in question, probably a little to the east of the centre of the map. 

Traces of a late local glaciation are common. in  this tract. 
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c. The Youn ger Flow in the Lower Foreland Connected with those 

of the M ountain Slope. Lake Hornavan on the map fig. 1 0  belongs to the 
river Skellefte Älv. Following this river more than half its way to the coast 
we arrive at a point of similar research .  As demonstrated in fig. I I, the 
movements here registered (diagram B) are partly the reverse of those of 
the mountain range (diagram A), showing their reflected image. Station I 
is the imaginary starting point for the movements registered by the oldest 
scratches b (from SSE) and by f. Station 2 is the imaginary starting point 
of the flow corresponding to scratches b and i. Station 3 is the imaginary 
origin of the stream directions c and x. In 4 we see an imaginary centre 
for a short stage, w hen 8Cratches of trans ition c-d were formed and scratches 
x were continued. Station 5 is the imaginary origin of the stream directions 
d as weil as k. As the ice pressure from the mountain range diminishes 
at the coast, ice remnants in the northern part of the foreland and of the 
Bothnian Gulf have an increased influence in B, resulting in scratches b 
and m ,  which are generally of small importance, cf. paragraph E 3 i .  

Stations I ,  2 ,  and 3 mark tagether roughly the position o f  the part of 
the ice divide during those stages when scratches b-c and fx were engraved, 
bu t at the beginning · the ice ridge of the ice di vide culminated mu ch 
farther to the south . Stations I ,  2, and 3 give the imaginary positions of 
the culminatian in its migration to the north as the ice cap was losing 
area in the south . To illustrate the relation of the imaginary positions of 
the culminatian to the real ones, I have made a sketch in fig. I I ,  showing 
what ma y ·  have been the real position of the culmination, w hen 3 was the 
maginary one. The real position of the culminatian corresponding to I 

should be sought far to the south . 
Diagram A as weil as the series of maps in fig. 1 0  reveal, however, 

an earlier history than scratches b and f. 

d. Older Streams of the M ountain Slope. In all parts of the profile 
through the eastern slopes of  the Seandes and at all levels we find a 
sculpture older than b and in the opposite direction .  This old sculpture is 
weil developed, forming very great stoss sides. It i s  interesting to see the 
effect of the b-flow upon the initial surface formed by the older sculpture. 
I t  is more prominent along the water divide and to the west of the axis 
of mass elevation than in the eastern parts , which is to be expected prin
ci pally because the cross-seetian area of the ice flow was much reduced 
here, above the threshold . Indeed , the only sculpture I found here at any 
levels was from the east. To the east of this part of the seetian the most 
conspicuous difference is, however, related to the altitude. In the valley
bottom double-facing stoss sides are characteristic ,  and for some distance 
the old sculpture can be wholly capped by the forms of the b-flow, as in 
the region of Svaipa (8), but at about half the height of the valley side 
the influence of the b-flO\v diminishes rapidly, and at greater altitudes it is 
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Fig. 1 2 . The central part o f  Krappesvare (see fig. 1 0  and pi. I )  with Kaissetjåkko ( 1 064 m ,  
t o  the left), from air photos. Scale 1 : 50.000. Lines of altitude sketched with a n  interval 

of 25 metres. Symbols of forest limit and striae (partly) as in pi. II. 
From the NW there are striae from 3 epochs. A fan-shaped bundle of striae present
ing a counter-clockwise turning belongs to the a-series. Older are the hundles showing 
a clockwise tuming, which represent the prime-series ; younger are the d-striae, marked 
as in pi .  Il . From the SE and E there occur normal b- and c-striae of the age between 

a- and d-striae. 

difficult to find a trace of it . Consequently, high up we see the rock sur
face in the same state as it had before the continental ice sheet was es
tablished. 

In Krappesvare ( r o) I found that the old sculptiue from th e axis is com
posed of two, see fig. 1 2 . As the seeond h ad already been narned a ,  I had 
to mark the first a

' (read a-prime). The difference that helps us to tell 
them apart is that a turns counter-clockwise, as do all later ice flows in 
the mountain range, whereas a

' turns clockwise, thus forming the "prime
series" a

' -b' -c' with decreasing force. At these high levels in Krappes
vare, where the a-sculpture has not destroyed the scratches and polish of 
the prime sculpture, it is easy to determine that the stoss sides were formed 
by the prime-sculpture. They are imposing. No yonger flow here had the 
power to form stoss sides. 

There is no reason to believe that the sculpturing effect of the prime
flow was greater here than in any other part of the slope. The result of 
the erosion was probably smallest at Krappesvare, as a mountain glaciation 
requires a very great development to cover a fj ell situated so near the 
border and, consequently, less time is disposed of here than in other 
parts. At about 300 m below the summit the polish of the prime-sculpture 

3-48705 Bull. of Geol. Vol. XXXIII 
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has generally been destroyed by the a-sculpture, hut the stoss sides 
may be the old ones. It is possible that the stoss sides hearing a-striae 
in the valley bottoms developed from older stoss sides of the prime
sculpture. 

e. An Early Deglaciation. The exceptional small result of the a-sculp
ture at higher levels in Krappesvare may possibly be due to a common 
decreasin g effect of the glacial erosion with increasing leve! . This has been 
suggested hut never proved . In this case we have to hear in mind the 
considerable altitude of Krappesvare in the profile of the sloping ice-cap 
j ust referred to when discussing the prime-sculpture. It is possible that the 
upper surface of  the a-stream - or of  the erosive part of it  - capped 
the top region of this fj ell only for a short time. There is, in fact, a cir
cumstance to support such an opinion . That is the lack of all sculpture 
connecting c' with a. Here there seems to be a hiatus in the glaciation . 

Let us consicler the import of the varying directions of flow. The a'
sculpture shows a position of the ice di vide to the WNW of Krappesvare. 
In view of the good development of this sculpture the distance to the ice 
divide was probably not less than at the t ime of the a-sculpture. Turning 
clockwise to NNW, we find the sculpture (now b') to indicate that the ice 
divide culminated to the N. The sculpture develops gradually to c'. The 
flow now goes parallel to the mountain range, from NNE, erossing the 
direction of the great valleys and mountain ridges. It is obvious that this 
deviation of  90° from the direction of the natural slope was brought about 
by great masses of  ice on the foreland. W e ma y i rnagine the ice di vide 
situated over Krappesvare. There would be no movement of the ice, uniess 
an important culminatian in the NNE or NE forced the ice to yield in the 
direction of the divide as supposed in the transitional stage cd (cf my pic
ture of a culroination in fig. I 1 between A and B). 

The next map, a, is complete enough to displace the ice divide at !east 
to the water divide. A locality of good stoss sides from the WNW lies 
close to the axis of the mass elevation . There were found in the surmund
ings many boulders of granite originating from the fjell Nasa (5 ·in fig. 4) 
in the NW corner of the map, fig. 1 0, demoostrating a still more westerly 
position of the ice divide, the more so as some holders represent a type 
of rock known only from the Norwegian side of the boundary (LJUNGNER 
1 943 , p .  207). These may have been transported by the a'-stream, and the 
stoss sides may partly date back to that time, hut their scratches and 
friction markings - crescentic gouges as weil as chatter marks - indicate 
the direction of a in spite of the very good topographic conditions here 
for a more northerly direction of flow, especially from NW. 

I must state that at this locality the age of this sculpture in relation to 
b, which is here developed to about the same degree as a, was not deter
mined by the sculpture. This is, however, not necessary, as the weil pre-
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served eskers and the westward dipping lateral erosion channels and lateral 
terraces as well as shore Iines described by GAVELIN ( 1 9 1 0  b) indicate that 
no ice has operated here since the melting away of the ice tongue from 
ESE, which dammed up a lake. This tongue originated from the ice divide 
corresponding to the d-ftow in the lower slope and formed here the late 
continuation of the b-stream. The preserved sculpture of the stoss sides, 
indicating the ftow from the water divide, must thus belong to a. 

The shift of direction from c' to a ,  consequently, means the removal 
of the ice divide from the eastern border of the mountain range to the 
water di vide or the western s lope. The direction of ftow is now consequent 
down the general slope as it  was at the time of a'

. That indicates that the 
ice masses of the foreland,  which in the time of c' obstructed the natural 
run off of the ice from the mountain ridge, are now out of existence. The 
change from c' to a, consequently, was eaused by a deglaciation . And the 
lack of sculpture at greater levels in  Krappesvare between c' and a seems 
natural . 

The deglaciation need not have been complete. There may have re
mained a (reduced) mountain glaciation Iinking together the two periods 
of advanced glaciation .  As to the length of the interval , there is only one 
check. Provided that the mantie rock was not more important in  the in
terval than in postglacial time, I must estimate the interval in the fjell 
Krappesvare to be shorter than the postglacial time, as we know of no 
instance of the prime-sculpture having been destroyed by weathering in  
the  interval. 

Summing up the results, we have found two independent advances of 
glaciation (or two glaciations) of the eastern foreland, separated by a short 
in tervaL ' The mountain glaciation which was the starting point of the first 
foreland glaciation ,  seems to have been more important for the morpholog
ical development of the northern part of the Seandes than all the younger 
stages together. The nucleus of ice (i. e. the culminating point of the ice 
divide) formed by the advance was situated in the very northern part of 
Scandinavia. The posterior fcreland glaciation also developed from an im
portant mountain glaciation , hut the nucleus formed took a central Fen
noscandian position on the eastern foreland, far south of the region in
vestigated . From here the nucleus (culmination) migrated towards the N_ 
along the ice divide on the foreland. Finally, the ice divide itself migrated 
up the slope of the Scandes. 

' "Advance" ("Vorstoss") i s  not the right word, as i t  signitles only the growing phase 
of a glaciation and, besides, i s  an indispensable term for also smaller changes in the 
course of development. For similar reasons also "stage" must be rejected. "Glaciation" 
("Vereisung") seems to be the only appropriate term. To indicate their close connexion we 
migh t eaU the two glaciations treated 'the prime' and 'the posterior glaciation of the 
last glacial epoch or glacial age' ("Eiszeit"). 
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2. Pleistocene Depression of the Glacial Limit according to 

Older Cirques. 

a. Cirques of the Atlantic Slope. The imposing ci rques on the west 
coast N. of the Arctic Circle have long attracted attention . The excel lent 
topograph ical maps make it possible to differentiate a narrow, outer coastal 
zone, within which the landscape is wholly characterized by the forms of 
the local glaciation, and an inner coastal zone, within which these forms 
alternate with those of the inland ice, according to the elevation . The 
outer zone covers the large groups of islands, Lofoten and Västerålen , as 
weil as a narrow strip of the rnainland coast and of the large islands in 
the north . 

Fig. 1 3 .  Cirques m South Ferras as seen from Peljekaisse ( r  1 ) .  Picture from nature by 
N I LS MARKLUND, Aug. 2 1 st, 1 943. 

The topography of the N orwegian ma ps provides an idea of the situa
tion of the glaciation limit during the time the older cirques were forming. 
Distinct, old cirques are to be seen on several of the lowest mountains on 
the coast, in  spite of the fact that they were partly re-formed by the 
inland ice. These cirques must have a part above sea level sufficient to 
enable their nature to be demonstrated . There are several on the outer_ 
most fringe of the islands. I confine myself, however, to two localities , 
ehosen so far inside the coast l ine as to allow of the present glaciation 
l imit being compared with the old one without extrapolation .  

By the  little Sagfjord, 6 8° lat. N. ,  there i s  on the  north side a cirque called 
Karlsöbotn, whose rock bottom goes down at least 6o m (the water depth to the 
day) below sea level .  lt is framed in by mountains rising 2 7 6 , 3 3 4  and 1 8 2  m 
above sea level .  Opposite, immediately by the �ord, rises Vegg�ellet, 1 2  2 7 m, 
with glacier-free cirques. The difference of altitude between the highest point 
of the framework of one cirque and the other is thus about 900  m .  

Now , even i f  t he  frame of  the lower cirque may have reached 400 m be
fore the total glaciation, the glaciation limit must have lain some hundred metres 
below this to produce a cirque s oo m deep. We can go as far as to say that, 
if Veggfjel let had had an equally good cirque form, it might now perhaps have 
had glaciers corresponding to a glaciation limit at 1 2 oo  or possibly r ooo  m 
(bot h ENQUIST and AHLMANN set i t at r 2 o o m) . There n evertheless remains a 
difference of 900  or at !east 8 oo  m .  

I n  the middle o f  Tysfjord, more than 7 o o m deep, skarvbergsflåget rears 
up on a headland to 2 4 2  and 2 5 8  m above sea level . On the east side it has 
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Fig. I 4. Panoram a from Peljekaisse 
(I I in  pi .  1), Jooking NW. N orth 
Ferras (7), Kaissatj (r) with a cirque, 
the valley of Lake Godejaur or 
Kujjaur (x) and , hidden by Gode-

pakte, 0rfjell (c). 

- -=-:") 
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a cirque 2 km wide, with a tarn 6oo  m in cross section . The environs contain 
many high mountains with and without glaciers. If all the patches with the 
colour o f  snow given on the map represent glaciers, the glaciation l imit is as 
lo w as 1 ooo m ,  otherwise i t is higher. (AHLMANN places i t at 1 ooo m,  ENQUIST 
has not drawn i t.) The difference wil l  then be 7 oo-8oo  m.  

I f  i t  b e  taken into account that the precipitation i n  the !Jord i s  probably 
lower than in  the surrounding mountains, the differente will be greater in both 
cases . Lower cirque mountains than the ones used in th is comparison seem to 
exist, though in that case it is no longer possible for the cirques to be estab
lished with certainty, e .  g.  Hamnen immediately N of the previously mentioned 
Karlsöbotn, with the bordering heights 200 m lower. 

The submarine cirques were, then, formed at a glaciation limit which 
was with certainty 8oo m below the one indicated by the present glaciation 
of the maps, and probably even lower than that. 

b .  Cirques of the Bothnian Slope. In the eastern slope the traces of 
old local glaciation indicate a low firn limit, of Iong duration ,  during the 
time before the maximum extension of glaciation .  Of the glacier-free cirques 
in th e Ferras group (7 in  the section ,  fig. 4, and on the map in pi .  I), 
Kåbrek's cirque (to the left in the picture, fig. I 3 )  falls - according to my 
triangulation - in the range I 1 40- I 440 m (cf. reports by GAVELIN, 1 9 1 0, 
on ci rques in mountains k and 1 ) .  I have earlier { I 943 ,  p .  203)  mentioned 
smaller cirque-like forms in  Svaipa {8) , with their beds at 1 3 2 5  and I 0 5 7  m 
respectively, older than the wastage period. 

In this sti ll quite central part of the section , the growing valley glacia
tion must have prevented the local glaciation at lower levels .  Counting 
from Ferras {7) ,  and 40 km nearer the eastern border of the range, we 
nevertheless find the wholc east side of the fjell Kaissats {r on the map) , 
hardly I ooo m high,  to be made up of a cirque, fig. 1 4 . The tarn at its 
bottom lies about 8oo m above sea leve! . A probable cirque on Kåbrek 
of the group of mountains called Tj amort {s on the map) assumes the 
same place in the section . Its range of altitude is, according to the map, 
about 900- I o6o m .  - Kåbrek is a not unusual Lapp name for mountains 
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hearing cirques. Docent I. RUONG assumes that it Is intended to bring out 
the concave surface (oral communication ) . 

About 1 0  km further distal, near the border of the mountain range the 
weathered Pelj ekaisse ( I I ,  I I 3 3 m above sea leve!) reveals concave forms, 
shown in part on  the topographical map, with its bottom at 7 7 5 ,  830,  
8 5 0, 909, and 977 m ;  see pl .  II .  I am inclined to look upon tbem as gla
cial cirques. There bas been no younger local glaciation . 

The lowest traces of local glaciation in the eastern border are very 
valuable, as tbey provide a possibility of ascertaining how far below the 
present position the glaciation limit (or firn limit) bad sunk before the ice 
inundated the foreland.  As is common in the eastern horder, there are no 
mountains along our profile sufficiently h igh to register the present leve! 
of the glaciation limit, hut if  we follow the eastern border samewhat to 
the north, such possibilities present themselves. 

During flights along the border of the mountain range, and studies on 
stereograms made during this process , l have noticed concave forms which 
I consicler to be traces of local glaciation on remarkably low levels, same 
down in  the forest. In the NE earner of the map in pl .  I, I have marked -
as such mountains : w =  Kaissatj tjåkko (summit I 063 m) , v =  Kaissavare 
(summit 990 m) and u =  Snjärak (summit about 900 m) . In fig. I 5 ,  I give 
a stereophotographic map of Snjärak's cirque, which faces NNE. The cirque 
is to be found, though without its true cauldron form, on the topographical 
map (at k in Snjärak or p in  Kvikkjokk's  kap) . The tarn at its bottom 
lies at about 7 I I m, and the rim reaches about 877 m.  Birchwoods part! y 
invest the lower parts of the cirque. 

In very slight extrapolation in ENQUIST' s  map of the glaciation limit 
( I 93 3 ,  p .  I 84) - which is based entirely on interpolation - Snjärak will 
fall j ust below the curve for I 900 m .  Same new glaciologic data show, 
however, that ENQUIST's values for the rise of the glaciation limit are on 
the low side. 

We find the curve for I 900 m established by the glacier-free peaks 
I 888 m and I 934 m mentioned in my previous work ( I 944 a, p. I 2 7 ,  table) , 
w h ich l ie in  the SE slope of the Sarek group, and 2 5 km N of Snjärak. 
Not more than 20 km to the north lies the glacier-free Pårektj åkko, I 790 m .  
The  !arge glacier on the I 876 map i n  Tarrekaisse (q in fig. g ;  I 8 5 0  m) , 
which formed an important support for ENQUIST's curves, does not exist 
any longer. Where it once stood, I found (S- I 8  July, I 939) only a cirque 
with a tarn , whereas the glacier in  Staika (p ;  I 799 m, seen at a distance) 
remains at any rate as a firn field . Where the glaciation is registered in 
peaks nearest to Snjärak - over I 934 m 25 km to the N.  and over I 8 50 m 
20 km to the WNW. - i t is still in the process of rising towards the low
land.  The present glaciation limit above Snjärak must then be considered 
to lie at about 2 ooo m.  
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Fig. r 5 ·  Cirque i n  Snjärak ( u  i n  pi.  I). Constructed from overlapping air photos with the 
aid of a ZEISS drawing parallax bar by M r  NILS MARKLUND and the author. Contour 

intervals ro metres. Scale r : 2 5 .000 ( r  inch = 2 o83 feet). From LJUNGNER 1 945 .  

A control of this small  extrapolation of the glaciation l imit is possible 
to obtain by comparing its course with that of other elirnatic vertical 
l imits which are low enough to cut Snjärak and the surmunding mountains. 
Such are the upper limits of the forest and the forest trees. 

Many of the plant-geographical investigations mentioned in my pre
vious work fall precisely in, or near, the region in question .  Those of 
GAVEL,IN, HAMBERG, TENGWALL, ENQUIST, and WISTRAND fall with in it, 
those of CLEVE-EULER and FRÖDIN immediately to the north. GAVELIN 's  
and TENGWALL's reports, and the latter's map of the birchwood limit, 
provide us with what is necessary for Kvikkjokk's surroundings. In the 
previously mentioned glacier-free mountains in the north (Kåtoktj åkko and 
Pårektjåkko) , it is at the same level as in Snjärak. The following section 
shows an interesting rise from the west (q, t , w and v are found on pl. I ;  
the exposition i s  given immediately after the elevation figure) : 

Tarrekaisse's slope 
towards Tarraur (q) 

66o-670 m SW. 

Prinskullen 
(t) 

720 m 
7 2 5-730 m NE. 
7 1 0 m SE. 

Snjärak 
(u) 

782  m SE. 
767 m WSW. 

Kassavare 
(v) 

788 m NW. 
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For conifers only a rather short section m the same direction can be 
obtained, from a point lying between q and t up to t :  

Spruce 
Pin e 

440 
4 I O  

Points between q and t 

2 3 (Routevare) 

500 5 8 5  
500 

Snjärak sti l l lies on the west side of the birchwood culmination, which 
occurs about  at v .  The rise from the glacier-free Tarrekaisse amounts to 
about I 1 0  m.  In a small part of the same area the forest limit of the 
conifers rises by about 200 m.  According to profiles drawn immediately 
to the north by J .  FRöDIN ( 1 9 I 6, p. 5 8) and a little to the south by EN
QUIST ( I 93 3 ,  p. 1 62) ,  the culminatian point of the spruces is not encountered 
until 6o km further out on the low fjells of the foreland, and ENQUIST 
sets that of the pines even further east. 

The plant-geograph ical data thus show a clear rise of the summer 
temperature towards the east, coun ting from the last glacier-hearing moun
tains, and the precipitation is clearly seen to diminish according to W ALLEN ' s 
map of I 92 3 ,  and AHLMANN's of I 92 5 .  

It is thus on very good grounds that the height o f  the glaciation l imit 
at Snjärak is set at about 2 ooo m above sea leve!. This implies that at 
the time of the local glaciation i n  Snjärak, the glaciation limit lay at \east 
I I OO m below the present one. The lowland cannot as yet have been 
inundated, for on inundation the thickness of the ice in the border of the 
mountain range became too strong to allow of local glaciation at its lower 
levels. On the other hand, Lake Saggat (S .  in pi .  I, 303 m above sea leve! 
and 83 m deep, according to AHLENIUs 1 90 1 ,  p .  3 3 )  was probably filled 
up by a powerful tongue of ice from the h igher fj ells. 

From the water divide on, our profile (fig. 4) lacks mountains high 
enough to enable us to register the actual glaciation l imit. The lack (as 
far as known ) of glaciers in Ferras (7 ,  I 609) is remarkable, as, according 
to GAVELIN ( 1 9 1 0  b) , such are found in mountains k and l ,  S .  of the profile. 
W e can therefore take i t that, on the who! e ,  the glaciation limit lies high 
within the section.  As, in addition, ENQUJST 's  adj acent tree-limit section 
enables us to conclude that the glaciation limit rises continuously eastward , 
we have no reason to expect the rate of the depression at the eastern 
cirques of the section to be lower than at Kvikkjokk. 

c. Con ditions of Fo rmation and Age. There is a great difference in 
development between the old cirques of the western slopes and those of  
the eastern slopes. The former are weil known, the latter have h itherto 
been unknown.  

Conditions, however, are also different. The very initial orography was 
quite distinct. The Atlantic coast was the deeply dissected fault edge of 
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Fig-. r 6. The mountains Syv S0stre ('seven sisters') on the N orwegian coast a t  a Jat. of  
66° N .  The y were sculptured by lo ca!  glaciation as weil as by the in land ice ,  which 
according to ENQUIST formed the last ice cover th ere. H eights of the summits about 

r ooo metres a. s. Air photo from NW. at  a heigh t of abou t  Soo metres. 

an old land block, the upper surface of which formed the eastern slope 
(cf. fig. 2 1  ) .  Below the leve! of actual glaciation you ng landforms were 
lacking on the latter, whereas along the coast crests and peaks at all levels 
afforded good shelter for firn and ideal conditions for its sapping action . 
The inclination of th e glacial l imit is an expression of a favourable elimate 
in the west. In the eastern slope the formation of a cirque requires a 
considerable lowering o f  that l imit and could therefore not start until late . 
The time at disposal was here also reduced from the opposite side : as 
soon as a continental ice sheet was established , the formation of cirques 
was stopped , whereas phases with continental i ce sheets seem to have 
been of importance for the formation of low cirques at that part of the 
coast which was not invaded by the ice sheet. As ENQUIST pointed out 
( 1 9 1 8 , figs . 14 and 34) ,  the coastal zone of low cirques narrows and dis
appears rath er suddenly to the south of the Arctic Circle. 

The interference between the inland ice and local glaciers is interesting. 
REKSTAD pointed out ( 1 9 1 0, pp. 34, 3 5 ) that low cirques at the Beiar fjord 
(lat. 67° N) have not been great! y altered by the in land ice ; h e therefore 
considers them to be relatively youn g. To the SW. (at lat. 66° so' N. )  and 
NE. of that local ity there are c irques housing local terminal moraines. S. 
of the Arctic Circle (lat. 66° N) the mountain group Syv S0stre is weil 
known to every coast traveller (fig. 1 6) .  Its geology and morphology have 
been dealt with by VoGT ( 1 900, pp.  26-28 ,  6 5 )  and ENQUIST ( 1 9 1 8 , pp. 
42-44, 96) , cf. the topographical map Mosj0en. The fine cirques, whose 
bottoms l ie at 450- 5 00 m above sea leve! , have, according to ENQUIST, 
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been covered by the inland ice and subsequently not housed glaciers . 
GR0NLIE estimates the height of the ice surface over the mountain group 
during the maximum of the last glaciation at 800-900 m above sea leve! 
{ 1 940, p .  2 I ) .  

The submarine cirques were formed at  low sea level in an arctic climate, 
partly before the last inland ice and partly interfering with it . Their for
mation must have been completed before the recession of the last inland 
ice from the region,  as in late glacial time the land was submerged . 

The rates of depression here found are not astonishing to modern 
opinions. MILANKOVITCH's theoretical calculations ( I 938) ,  based on radiation ,  
give I 8oo m for the deepest points o f  the curve. Starting from geological 
data, KLUTE ( 1 928) assumes for the border of the North European inland
ice a depression of 1 200 m. In the Sierra Nevada and the Cascade Moun
tains, during the last ice age, local glaciation reached I ooo- 1 400 m lower 
than now, according to BLACKWELDER 1 93 3 ,  pp. 865 --922 .  SOERGEL's 
temperature calculations based upon ground frost action in Germany ( 1 942) 
are also of i nterest. 

The rate found here for the Atlantic coast is , however, only a part of 
the total amount, as the glaciation l imit ,  when lowest, was below the sea 
level and could not be registered . The rate found at the eastern slope, on 
the other hand, earresponds to the time of mountain glaciation only, and 
would therefore have seemed unlikely, bad not the study of the ice-move
rnents shown the great importance of an independent mountain ice sheet 
glaciation .  

I f  depression reached the same rate on  the western slope as on the 
eastern , 1 1 00 metres , the glaciation surface would already within the fjords 
have sunk to the sea leve! or below that, and at the mouth of the fjords 
certainly below the sea leve! . As seen in figs. 2 and 4, the inclination of 
the glaciation surfaces towards the Atlantic is rather steep . The question 
now arises w hether that gradient was greater or less in the time of moun
tai n glaciation . 

In Chapter III E 3 b we will show that the contrast between the mari
time western slope and the rather contioental eastern slope must have 
been sharpened during the development that led to the mountain glacia
tion . The eauses of the inclination of the glaciation surface must thus have 
been greater. Furthermore, unanimous experiences from all parts of the 
world show that the Quaternary depression of the glacial l imit was always 
rnuch greater in maritime elimates than in contioental ones, about double 
where the contrasts were pronounced. Consequently, the glacial limit sur
face was probably some hundred metres below sea leve! at Lat. 68° N,  
and as  the rise of the  actual limit surface to  the south is on ly about 200 m 
rom Lat. 70° N down to Lat. 60° N along the coast (fig. 2) ,  we may 

assume that at the time of the mountain glaciation the glaciation limit 
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surface along the Norwegian coast finally lay below the present sea level. 
Whether it  also lay below the sea level of that time, depends mainly on 
the mutual vertical relation of land and sea. 

3·  Studies on Glacial Valley Sculpture. 

a. The Atlantic Slope. To be able to discuss the ice balance between 
east and west it  is necessary to get an idea of the th ickness of the ice 
during the various phases in the various parts of the section. In so doing 
it is important to know the upper limit of the erosion , and also the di
stribution of traces left by total and local glaciation . The inclination of 
the terraces throws much light on the shrinking phases. 

I shall first show some valleys which hear the fresh forms of passing 
ice streams, and try to deduce others from older phases. 

The excellent Norwegian maps often enable us to make out the dimen
sions of ice streams from a period when the ice on that side of the Seandes 
was in part confined to valley streams. The finest valley trough sculptured 
out in that manner is probably Skjomdalen , a little to the south of Nar
vik (Sheet N I O  Skjomen , of I 9 I 9) - The valley continues at Skjomen's  
chapel in the Skjomen fj ord and ,  like the latter, runs NW. (fig. I7) .  The 
inundating inland ice from the Swedish side (the vicin ity of Kebnekaisse) 
has here been campressed between the Storstein group (max. I 90 I m) in  
the NE. and lower groups in  the SW. The stream was originally about 
I 5 km broad and comprised four parallel valleys, three of which debouch in 
the appendix-like S0rskjomen . T wo of the ridges, y and o fig. I 8 ,  separating 
the valleys, partly stuck up above the ice ,  forming nunataks, and these 
have become as thin as fishfins .  During the whole of the sculpture period 
in question , however, the valley-separating ridge �' reaching I 0 1 9  m above 
sea level was inundated by ice. The great valley forms a perpendicular 
wall (a) in the h igh plateau . Some of the h ills and peaks standing on the 
precipitation seem to be only halves. The other half was planed away by 
the sapping activity of the valley stream . 

During the greater part of this time the stream's surface I O  km be
fore Skjomen's chapel was about 1 1 00 m above sea level. After that time 
the ice surface may have sunk rapidly, since the I 0 1 9  metre ridge � bears 
no trace of sapping erosion ; the lack of traces of local glaciation here 
also indicates that already at that time the glaciation limit exceeded this 
height. 

The valley erosion described represents a period when the ice surface 
was so low that it  generally speaking touched the mountain range, fig. 2 1 .  
Owing to the inclination of the ice surface towards the Atlantic this did 
not take place at the axis of greatest elevation, but along a Iine to the 
west of it. Fjells becoming ice-free here began to divide up the ice into 
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Fig. 1 7 .  Part of the topographic map of Northern Norway, sheet N 10 Skjomen. Situation 
68 ° 8'. 5-I6' .5  lat. N. and about I 7 ° I 3'-45' Iong. E .  Scale I :  I 50 000 (I inch = I2 500 

feet). Each square 2 km. For profiles, see fig. I 8 . 
The glacial forms ma y be interpreted by assuming the following stages of glaciation : 
A. Local glaciation, very old, old, and recent. - B. Valley ice streams of local origin 
(I in  fig. 4). - C. An ice cap (mountain-ice sheet) h aving its divide here (II). - D. An 
ice-cap having its divide in the SE (I II), but in this zone partly divided into valley streams 
moving rapidly NW with a great sapping action, forming steep valley sides and nuna-

taks of a back-fin type. The N E:ern part shows hardly any influence from D .  

separate streams, which further down the slope were in  part again un ited 
to form a !arge surface . 

W e fin d another example quite close to ou r section and in the nor
thern part of the map in pl .  I. Immediately SW of Sulitelma (67° w' N) 

Fig. I 8 .  Profils drawn on fig. I 7 . 
Vertical scale = 3 '/3 X harizontal 
scale, which is  I : 300 ooo. Dotted 

Iine = show surface. 
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Fig. 19 .  Part of the topographic map of Northern Norway, sheet L 1 4  Junkerdalen. 
Situation 66° 46'. 5-54'· 5 lat. N .  and about 1 5 ° 1 3'-43' Iong. E.  Scale as in  fig. 1 7 .  

Profile in fig. 20. 
The glacial development is  the same as in  fig. 1 7 .  The forms of C cover a greater area. 
Lake Solvägsvand was probably a cirque bottom, cf. Lake Nikkivatn in fig. 1 7 . The 
valley Rykkedalen surely conducted an old ice stream from Sjurfjell .  The effect of C 
is seen on the straight and steep valley sides of Båtfjell and 0rfjell, a straightening of 

the Solvågfjell and the forming of its ' 'back-fin".  

the ice flowed unimpeded during the period in question towards the NW. ,  
with a breadth of  30 km .  Not  until i n  the SW.  of this part (approx. a t  e) 

does the leve! of the plateau rise, so that for a short course the ice was 
divided up into paraHel valley streams, figs. I 9, 20. Of these the one most 
i nteresting to us is that flowing right beside our section, whose left 'shore' 
<:onsisted of the Örfj ell ridge (c in fig. 4, 20 and pi. I; with Ör- or Ö lfjell , 
:fig. 28 ,  I 764 m) . Båtfj ell ' s  plateau (f I 5 I 4  m) can be taken as the right 

Fig. 20. Profiles drawn on fig. 1 9. 
Scales as in fig. 1 8 .  Dotted Iine = 
snow field. Dash and dotted Iine 
= reconstructed preglacial slopes. 

2 00Q  c /' -·. -IIa-

s w 
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Fig. 2 1 . In NW Norway the ice of stage III could only in some gaps pass the thresh
old fonned by the mountain range . The idealized profile and plane illustrate the 

manner of passage. 

r. Zon e of free ice surface. 
2 .  Zone of valley streams.  

J .  Zone of nunataks. 
4· Zone of foreland ice. 

bank, tigs. I 9 , 20. This broad ice stream was, however, partly divided 
into two, since the dividing ridge (d) , sculptured to a fish back (I 200 m), 
bears a long, high back-fin (Solvågstind I 56 I m, tigs. 22, 23 ) ,  visible from the 
border of the mountain range. This fin projected up above the surface of  
the ice and was sculptured by sapping. Båtfjell 's  plateau slopes throughout 
from the valley, tigs. I 9 , 20. Its highest points l ie exactly on the margin 
of the valley, indicating an important enlargement of the valley's cross 
section by sapping. During this phase the surface of the ice lay about 
I 2 so  m above sea leve! at Solvågtind.  As the distance to the actual coast 
is only slightly greater than from Skjomen , the relatively stationary ice 
surfaces here and there may weil be contemporaneous. - Some of  the 
valleys here show a complex section,  whose origin require a doser study. 
The Solvåg valley · possibly once formed a cirque facing NW., its back 
wall broken down by glacial erosion . 

Fig. 22 .  Solvågfjell  with i ts  "back-fin" Solvågtind (d) at a side-view from Nasafjell ( 5 )  
Jooking N .  Between Solvågtind and  the flat-topped Satertind (e) we see a part of  Båt

fjell  forming a steep valley side facing Lake SoJvågvand,  cf. figs. 1 9, 20. 
TeJephoto with infra-red light by the author, Aug. 8th, 1 942. 

Fig. 23. Solvågfjell with its "back-fin" Solvågtind (d) from Junkerdalen Jooking WNW. 
From "Norsk Reisebok". 
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Fig. 24. Lake Godejaur or Kujjaur (i. e. ' the Lake of the wild reindeers' ,  x in PI. 1). 
From the Swedish map, sheet I 8  Merkenes ( 1 875 -76), Scale I :  I 5o.ooo. ( I inch = 

I 2 . 500 feet). The lower l imit  of the  map is the Arctic Circle. 

b. The continental Slope. The sculpture described shows the morpho
logical effect of a valley ice stream . In the Northern Scandes, consistent 
valley streams on the eastern slopes were absent during the period of 
wastage, except for very late ones in the border of the mountain range, 
where they were fed by a very much reduced inland ice. If, however, as 
I have desired to show here, an unbroken covering of ice invested the 
high mountains and the western slope during the time the ice was deve
loping, it must nevertheless have been possible for the valley streams 
running from these towards the Swedish foreland to effect an erosion 
anologous to the one described above, although the far less marked initial 
relief did not allow of equally imposing results. The sharpness of the forms 
has naturally been worn down during later phases. 

I should like at this point to mention Kujj aur (Godejaure) , a lake lying 
immediately north of our section and opposite the valley streams last 
described on the Norwegian side, pi. I x and figs . 24 and 2 5 .  Its water 
leve!, 686 m and with unknown depth , lies, l ike that of Solvågvand, about 

Fig. 2 5 .  Lake Godejaur from a 
photo by G. EDIN, Jooking NW. 
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Fig. 26. Part of the Laisan Valtey, Jooking WNW. In the middle Ertektjäkko, 
i n  the foreground the trough edge of Svaipa. 

Photo by the author, August 1 9th ,  1 942 .  

700 m below the plateau he ight. The U shape means that the valley sides 
are steep up to the margin of the plateaux ;  the latter ' s  great height, with 
i ts inclination partly away from the lake, indicates a sapping activity by 
a valley stream,  j ust as at the Skjom, the Solvåg , and the Saltelv valleys . 

Kujj aur i s  not far from the water dividc. In the  Laisan valley, which 
our seet ian follows, a great valley trough occupies a more easterly portion 
of our section .  I have made some observations there concerning the glaci al 
erosJOn (cf. LJUNGNER 1 943 ,  with map) . 

The Laisan valley displays two generations, as the seetian (fig .  4) in part 
shows. The older one, which earresponds to broad plateaux at the elevation 
6so m (above the fig. 1 4 in fig. 4) round the outJet of Lake Storlaisan ( I  s ) ,  
s t i l l  forms the valley bed for Lai san 's  uppermost course (between s and 7 ) . 
The younger valley generation has  reached an eastern longitude of I S 0 ss', 
where the river makes a marked descent (under 7 ) . It has widened into a 
trough . At certain places in the main valley thi s  trough has, probably by sapping, 
engul fed the older generation, as in the imposing precipice of Ertektjåkko 
(W .  of 8 fig.  2 6) .  At other places, however, the older, flatter valley appears 
l ike a shoulder above the margin of the trough, as the case is at Svaipa ( 8 )  or 
at Tjäksa ( g ) .  

At Svaipa ( 8 )  the  trough margin lies a t  about g 6o  m (on  the map diagram 
1 g 4 3 ,  fig. 1 ,  below location g ) .  lt is visible on fig.  2 6 , in  the foreground, and 
in fig.  2 7 .  The fjell consists of hard, white, partly micaceous quartzite, w h ich 
is weil fitted to preserve the sculpture of  older phases . Two ice movements are 
registered : an earlier one from WNW, and a later on e from ESE. 

The details o f  the NW. sculpture are very weil preserved above the trough 
margin,  where I have not hitherto seen traces of the SE. stream, which was 
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Fig. 27. Svaipa from the river Laisan, 
Jooking S SW. 

Photo by the author, August 1 8th, 1 942 .  
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mor e recent and h ad left a col lection of boulders on the to p (see 1 943 , p 2 o8  ) . 
The sculpture o f  the SE stream increases extremely quickly under the trough 
margin , however (cf. I 943 ,  p .  2 03 ) . At 9 5 0 m above sea leve! (aboqt I o  m 
under the margin)  careful searching revealed traces of the stream in the form 
of cross fractures or a faint rounding of small ed ges ; at 900  m on e can fin d 
stoss sides, I or at most 2 m in  length , formed by the SE. stream in the more 
exposed Iee sides of the NW. stream ; at 8 s o  m the SE. sculpture reigns supreme, 
the NW. sculpture having been eroded by the SE. stream . Below 8oo  m the 
rock is covered by drift and gravel . Outcrops of quartzites at 5 6 5 m show SE. 
sculpture only (location 8). The river flows at 498  m.  On the other side of 
the valley, which does not reach the height of the trough margin ,  SE. sculpture 
also prevails (for doser details see I 943 ,  p. 2 0 2 ,  Plassavardo). In more easterly 
seetians (Tjäksa and Krappesvare, I 943 ,  p. 2 o3 ) the upper l imit for the noticeable 
SE. sculpture drops somewhat, so that it more or less follows the leve! of  the 
trough margin.  

The erosion of the flow from SE. was obviously very much greater in 
the valley trough than at h igher levels. But the change in effect mainly 
takes place within the upper 1 00 metres of the valley trough.  

The question whether the stronger erosion in the trough was brought 
about Successively by the retreating short tongue moving from the SE. or 
was due to a greater amount of morainic matter at lower levels - which 
according to LUNDQVIST ( I 940, p .  I 7) should have the opposite effect 
- or to a third cause (possibly one of a greater velocity) , will be disenssed 
in a special paper on the glacial erosion. It is enough to establish here 
that the ice flow from the foreland in  the last glacial stage was not able to 

4-48705 Bull. of Geol. Vol. XXXIII 



s o ERIK LJUNGNER 

play a role of any importance for the valley sculpture in the eastern slope 
of the mountain range. The obvious glacial influence upon the form must 
consequently - as far as the last glacial stage is cancerned - be ascribed 
to the ice flowing from the water divide and especially to the alpine glacier 
which for Iong time occupies the trough . - We will return below to this 
great difference in erading effect of the SE. flow on the eastern and western 
slopes (Chapter III B 4 c) . 

4· The Top Surfaces of the Iee. 

a. Previous Works and O pinions. It is natural that the question has 
h itherto been discussed only from the point of view that the h ighest ice 
surface in the mountains must belong to the time of the maximum spread 
of the inland ice of the corresponding glaciation . 

According to ENQUIST ( 1 9 1 8 , p .  1 4) the ice of the last glaciation covered 
all mountains S .  of the Arctic Circle, also those of the western slope. 
AHLMANN ( 1 9 1 9, p. 2 1 4) assumes the surface of the inland ice in the 
region round saltenfjord (67° I /4 N .) to have lain about 900 m above sea 
leve l .  T AN NER ( 1 930,  p .  41 5 ) is of the opinion that the whole mountain 
range, and perhaps the Lofoten Islands also, were covered.  The ice sheet 
caJved at Haveggen (the edge of the contio ental shelf) . GRANLUND ( 1 936} 

has drawn a section through the maximum ice surface in the vicinity of the 
Arctic Circle. In addition to a couple of peaks in the "skj :oergaard" (archi
pelago) , he  considers as nunataks several peaks on the mainland. In my 
section fig. 4 and my map, I have marked the nearest ones. To the south 
of our section he mentions Lukttinderne (a) and Okstinderne (b) , to the 
north Solvågtind (d), the latter according to HOLMSEN ( 1 93 2 ,  pp. 22 ,  2 8} 
who cites REKSTAD ( 1 9 1 7 , p .  r 6) . GR0NLIE ( 1 940) made an interesting 
attempt to distinguish between the "'great" glaciation and the last one. 
Especially noteworthy is the discovery of glacial boulders from the "great" 
glaciation upon the plateau remains of the outer islands such as Vaeröy 
(p .  6} . This "great" inland ice calved at Haveggen , hut the last one reached, 
according to GR0NLIE, only half the way from the mainland, terminating 
at the ou ter rim of the isla n d group of Lofoten-Vesterålen .  The "great" 
inland ice left only the h ighest peaks of Lofoten free, whereas the last 
one was overJooked by several nunataks, also on the rnainland and to the 
south of the Arctic Circle. In our section the surface of the last glaciation 
is said to have reached only 400-4 50 m above sea leve! in the "skjaer
gaard" ,  and about I 500 m at the water di vide. - GR0NLIE, who mainly 
supports his opinion on the maps, seems to have had his eyes fixed on 
the same sculpture forms of valley streams to which I made reference 
above, and assumed these to have represented the highest ice surface ; this 
view seems to have been shared by AHLMANN ( 1 9 1 9, p .  2 1 4) . 
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Fig. 28 .  0rfjell (c) from S. r o0 E. Drawn by the author from his telephoto taken on 
Aug. 8th , 1 942 ,  from the top of Nasafjell (5) .  The m ountain has patches of old snow 
and a thin snow cover fallen the previous day but no shades. It was unknown up til 1 9 I 6  

The  opinions cited above are founded on boulders, striae o r  land forms. 

As regards boulders of high mountains, there seems to be no possibility 
of  deciding whether they have been left by the "great" or the last inland 
ice, for a boulder of a resistant rock must be able to survive an interglacial 
epoch . The boulder found r oo m below the highest peak of Okstinderne 
(fig. 30) therefore , constitutes no evidence that the mountain group in 
question was overridden by the last inland ice. As early a schoJar as 
HOEL ( 1 9 1 0, p .  24) assumed it to have formed nunataks. 

Glacial striae from another glacial age, on the contrary, would be 
unable to remain ,  at exposed localities, unto the present time.  Only very 
occasionally might it happen that striae appear because a covering was 
recently removed. Consequently , ENQUIST's  discovery of glacial striae of 
the inland ice in several high positions cannot be neglected . As the most 
important localities I would mention Lukttinderne (a) , on the ridge immedi
ately north of  the summit 1 3 2 7  m (ENQUIST 1 9 1 8 , p .  1 5 ) , Örtfj ellet (3) in 
three localities of the top plateau (ENQUIST, p .  14 and plate I) ,  Stormdals
fjellet (between 2 and 3 ) , and Svartisen ( r and z), where older striae from 
the SE. could be distinguished from yonger ones from the S. (ENQUIST 
p .  r oo and plate) . '  

At first sight we should find it natural for the older flow to belong to 
the time of the greatest spread of the last continental ice sheet in Europe, 
the seeond one to a later stage of Iong duration ,  such as the Ra-stage. " 
From a more northerly part of the Atlantic coast there are, however, older 
observations, which do not seem to permit of such an interpretation . 

' In G lomådalen (between I and 2) ENQUIST (map) has turned the striae of MARSTANDER 
( I 9 I  1 a map, I 9 I  I b p .  38) r 8o0 ,  presurnably by an inadvertancy. 

2 Ra ( = Iine) is a Jocal w ord for terminal moraine rid ge. The Ras of south ern N orway 
are supposed to represent the same stage as the so-called Mid-Swedish moraines and 
the Salpausselkä-ridges in S .  Finland, formed at the limit between Gothi- and Finiglacial 
time. Ra-stage is  the shortest expression for this advanced position, which Jasted about 
700 years in  Finland, according to SAURAMO. 
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According to GR0NLIE I 93 I ,  Cyprina deposits we re at Tromsö over
ridden by a great valley glacier protruding from Balsfj ord , and outside its 
terminal moraine Voldia-day was deposited. GR0NLIE ( I 9 I 4, I 93 I ) and 
others consicler the remarkable terminal moraine to earrespond to the Ra-stage 
of the Oslo region (cf. T ANNER I 930, p. 399) . Tracing the ice surface up 
to  the  water divide, GR0NLIE found its leve! to  have lain at  about 8oo m 

at the frontier, where he later on ( I 940) estimates the leve! of the upper 

Fig. 29. Bortind w8o m at  a lat .  
of 67 ° 7' N .  as seen from R0nviks
fjell near Bodö, looking SE. across 

the Sa ten fj ord. 
Drawn by the author from his stereo
telephoto on Jul y 7th, 1 938,  in rain.  
Immediately to the right o Bortind 
the snow-covered Lurfjell-tind 1 286 
m. The base of the nunatak of 
Bortind is  at a leve! of 850 metres 
a.  s.  Here passed the ice masses 

from the region of fig. 1 9. 

l imit of valley sculpture at about I 200 m .  - In his latter work ( I 940 , p p .  26 

and 66) GR0NLIE considers the  Cyprina deposits a t  Tromsö to  be interglacial . 
Such an interpretation contradiets his statements that the ice surface of 
the last glaciation at the frontier had a leve! about 400 m h igher than that 
corresponding to the terminal moraines at Tromsö, as that thick ice would 
probably have swept away the day. The Cyprina day may be of Alleröd age. 

A reconstruction of the ice-surface of the Ra-stage would have been of 
great interest for our section. For that purpose I sought in the literature 
for geological data indicating the position of the terminal moraines of the 
Ra-stages. But opin ions disagree on these matters . 

REKSTAD's  discovery of Voldia day above Cypri1la day at Fagerviken 
at the mouth of Rana fj ord (VOGT I 900, p. 85 et seq. ) was considered 
by BR0GGER ( I 900, p .  I 3o) to indicate the elirnatic deterioration at the 
beginning of  the Ra period. This view was supported by T ANN ER ( I 930, 
p .  400) . A IO m Iong shore-line within sol id rock here (VOGT I 900, p .  7 1 ) 

was also supposed to have been developed during the Arctic elimate then 
prevail ing (VOGT I 900, pp.  66-67) .  But as, at that time, no h igher shore
lines corresponding to the subsequent transgression were known , BR0GGER 

( 1 900, p .  3 r ) was inclined to conclude that the deposition of the Voldia 
day here in  the north had continued on even during the maximum of sub-
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mergence. When GR0NLIE ( 1 908, pp .  42-48 ; I 9 1 0, p. I 5 5 ; I 9 1  I ,  p .  1 0 1 ) had 
found the fj ords and valleys to show the terraces corresponding to higher 
isobasic surfaces which BR0GGER advertised for ,  all requirements for the 
presence inside the fj ord or fjord valley of marginal formations from the ou ter 
Ra-stage seemed to be satisfied - provided the first-named biological inter
pretation were correct. These formations might have been Jooked for right 
into Bjellånes (i . e .  20 km inward the fjord valley) . There one meets a very 
great moraine with a shore terrace, which (VOGT 1 900, pp. 1 5 1 , 1 5 3 ) sets on 
the same isobase as the Fagernes shore-l ine .  Still higher terraces are found 
by GR0NLIE ( 1 908 ; p .  43) . We find,  however, a moderation of such views. 
On the basis of comparative studies into the coastal stretch of terminal 
moraines , VoGT ( 1 9 1 3) and GR0NLIE ( 1 927 ,  p .  s s) were Contented to set the 
outer Ra unto the inner part of the fjord . VOGT placed it at the thresholds 
of Ranen and Holandsfjorden ( 1 7  and 1 8  in  the section) . But in the nearest 
more northerly valley GR0NLIE ( 1 927 ,  p. 5 8) placed the Ra in the vicin ity 
of the water divide. GR0NLIE based his decision on comprehensive strati
graphic and faunistic investigations both north and south of the fj ord 
(Sjonbotnet and Korgen) . 

In I 940 GR0NLIE published a new compilation of the recession history, 
based on the epeirogenic spectra according to T ANNER 's method.  The 
result i s  in complete conflict with earlier v iews. The ice margin (G-G on 
Plate III) corresponding to the Tromsö-Lyngen and outer Ra-stages is here 
placed on the outermost skerries. 

Terminal moraines are not known where the more important I ines are 
now drawn . 

b. Stages of M ountain Glaciation (and Atlantic Sheet Glaciation) . To 
clarify the possibilities of the view presented here it has been necessary 
to construct seetians through the mountain range including the ice surface 
for different stages, even though reliable data are still too few to give 
these l ines anything hut a provisional value. To start with , I will treat 
the mountain stages , i .  e. the time of the ice divide's stay in  the mountain 
range. And herewith I include the two glaciations registered by the minute 
sculpture forms, since the development of their mountain stages with respect 
to the cross section has been parallel , and the greater sculpture forms such as 
valleys and cirques my derive from both glaciations (if  not from earlier 
glaciations, too) . 

Such trough valleys as those of Kujj aur and Laisälven at Svaipa (see 
Chapter III B 3 and figs . 24-27) were formed by valley streams from the 
west contemporaneously with the formation of cirques in Ferras, Kåbrek, 
and Svaipa (see Chapter III B 2) . At that time, we must imagine a still 
more intense glaciation on the upper western slope : a dense network of 
mighty valley streams often spreading out to even ice fields, and principally 
fed by plateau glaciers . It was now that the most proj ecting ice tongues 
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Fig. 30. The mountain group Oxtinderne (b, 1 9 1 2  m) seen from Nasafjell looking S 42° \V. 
Basal parts hidden by Junkerfjel l  1 33 5  m, showing a firn-filled cirque, and this fjell again 
by Andfjell 1 204 m above sea-level. Streaks of sno w on the slope of the latter fjell proh-

ably mark lateral drainage channels dipping NW_ 
Telephoto by the author, Aug. 8th, 1 942 .  

carried out a great part of the fj ord sculpture (partly brought in to existence 
already by earlier glaciations) . Between these tongues cirques were formed , 
and Piedmont glaciers concluded the glaciation on the coast. The formation 
o cirques went on in central parts of higher peaks also . 

The reciprocal pressure between the ice masses of communicating vall eys 
established a common top surface of the ice streams ("Eisstromnetz" ) , which 
we can call Stage I .  A corresponding development of the glaciation in British 
Colombia was called by KERR ( 1 934, cf. 1 93 3  and 1 936) " intense alpine stage" .  
I n  point of  fact, the present stage o f  glaciation i n  some northern parts of 
British Columbia, such as the St_ Elias range, comparable in breadth with 
the Scandes, can serve as an illustration of our stage I. But the present 
glaciation of the St. Elias range is due to the great height of the range, 
and not to a low glaciation limit. Therefore, the glaciation of the fj ords 
is small. In this respect Spitzbergen and Graham Land offer better pos
sibilities for comparisons _  But in all cases the marked Alpine forms are 
obstruent of a complete comparison. 

As stated in Chapter III B r and 3 ,  the old ice flow from the NW. on 
the eastern slope reached far greater heights than those of the valley streams 
referred to Stage I .  There must have been stages of more intense glaciation 
of the mountain range than those of I .  They are called II . The maximum 
height of  the corresponding ice su rface is drawn in the section . As at 
Svaipa (8 ,  1 426 m) the striae from the NW. (a-striae) are still found at 
r ooo m on the valley side (at h igher levels frostweathered) and the top (dip 
of structure to the NW.) is well rounded , as by an ice stream from the 
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Fig 3 1 .  View from Nasafj ell ( 5 ,  1 2 1 0  m) Jooking ESE. showing the old peneplain and 
the west- dipping lateral drainage channels and terraces on almost al l  mountain slopes, 

very conspicuous in 6 and perceptible in 22 .  
6 = Kargasatåive 1 2 1 9 m ,  20 = Ballonåive 1 343, m,  2 1  = Skertasåive, a l l  together forming 

the southern side of the Laisan valley, seen to the Ieft .  
Photo by the author on Aug. 8th, 1 942 .  

NW. (fig. 27) , I have drawn the ice surface above the top .  - Krappesvare 
( 1 0, 1 064 m) was totally overridden from the NW. , because i t  shows a beautiful 
sculpture of the a'-series up to the top plateau , and striae of the a'- and 
the a-series. Krappesvare, therefore, yields the most important data for the 
construction of the minimum height of the mountain ice sheet. - In Pelje
kaisse ( I I ,  I I 33 m, pi. III) , where the petrographic conditions (micaceous 
schists of the Seve-group) hardly permit of the conservation of an a'-sculp
ture , I was able to establish (in addition to the main b-striae from SE) 

a-striae in doleritic knobs at four localities on the slopes to the S. at the 
levels 93 8- 1 05 0  m above sea leve!. As the directions of these old er striae 
are from N 8 5 -90° W at the lower levels, and from WSW. and SV/.  at 
the uppermost level (partly due to topographic d iversion) , and a stoss side 
at 1 08 5 m in schists without striae faces WS W., i t seems possible to interpret 
a set of indistinct chatter marks from about S 3 5 ° W on the doleritic point 
of the summit as a true indicator of ice flow a. If so, the continued counter
clockwise turning as the level increased would indicate that the ice surface 
of the a-flow possibly did not reach the summit until the moment when 
the flow was about to shift to the b-direction . The lack of rounding W.  and 
SW. of the summit (not so to the NW.) is partly due to the structure of 
the schists (dipping to the E. ) . As in Krappesvare the a'-flow was much 
more important than a, i t  must have capped the summits of Pelj ekaisse . 

Starting from the data yielded by the eastern slope we can estimate 
the probable level of the ice surface at the ice divide. There is, of course, 
a theoretical possibility that the ice d ivide at the time when the ice capped 
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Krappesvare and Peljekaisse bad already left its original western pos1t10n 
and migrated eastwards. The magnificent sculpture of a' at the top leve! of 
Krappesvare seems, however, to indicate a great distance to the ice divide. 
As regards the posterior mountain glaciation (which on the eastern slope 
bad a smaller erading result than the prime one) it seems necessary to 
include in it the overriding of the Svartisen group ,  as for reasons given 
below the scratches from the SE. and S. found there by ENQUIST can 
hardly be connected with the posterior eastern foreland glaciation. That 
requires a considerable ice leve! also for the western slope at the time of 
the a-sculpture. 1 

When the ice surface was still rising from position I to II the glacia
t ion limit sank enough to permit the cirques near the eastern border of  
the  mountain range to be formed (in Kaissatj , Pelj ekaisse, etc . ,  see  Chapter 
III B z) . Contemporaneously, the most advanced ice tongues sculptured 
Piedmont lakes. The outermost cirques, as that of Snjärak, for example, 
may belong to the time of the maximum height of ice surface II before 
the inundation of the eastern foreland . The glaciation limit bad then sunk 
I I OO- I ZOO m below its present position in  the east, and probably even 
more in  the west (Chapters III B 2 c and E 3 b) . 

At this stage (II) the glaciation may have reached about the same devel
opment on the eastern slope as it had at the earlier stage (I) on the western 
slope. As a whole, we must consicler the i ce to have formed a sheet. In 
the glacial history of British Columbia KERR ( 1 934) has assumed stages 
w h ich h e called "mountain ice sheet stages" .  Bu t h e di d not fin d anything 
to prove conclusively that the h igher eastern peaks were overridden by 
the ice rnaving from the Pacific. 

' Of great interest for the altitude of the ice surface I I  in  th e Norwegian part of 
the section are two data from the neighbourhood. 

One is the lind of an erratic boulder at 100 m below the highest summit of the 
fjell Oxtinderne (b in the section), which was referred to in the former paragraph. The 
other is the form of 0rfjell (c), drawn in fig. 28 .  Upon a flat conical ground form, dissected 
by local glaciers, there stands a short pillar (or a steep-walled ridge) reminding of a 
nunatak. Considered as such, i t would indicate an in teresting stage of ice-sheet glaciation 
with a surface leve! at soo m above that of the valley-ice stream (stage I I I), indicated 
by d.  Possibly the maximum ice leve! at stage I I  was not higher here. 

As  the group of mountain peaks Oxtinderne (b in fig. 4) is  situated at 65 km from 
the profile Iine on its equatorial side and 0rfjell (c) at 35 km from the same Iine on 
its polar side (pi. I), they can only very cautiously be campared in the same cross-sec
tion. Th eir mutual relations must h ave been rather different at the mountain ice-sheet 
stage (II) of the prime glaciation, when the culminatian of the ice divide was on the 
polar side, an d the corresponding stage (Il) of the posterior glaciation , w hen the culmina
tian was on the equatorial side. The data here in question are most Iikely related to 
stage II of the posterior glaciation.  The ice surface is consequently drawn too low with 
reference to the trace of b ,  and too high with reference to the trace of c.  Quite in ac
cordance, the ice surface III is drawn too high with reference to the trace of d. 
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Fig. 32 .  SE-dipping lateral terraces on the SW. slope of Valle, a plateau-like ridge pro
jecting from Peljekaisse. Looking N NW., towards Rimopakte, cf. pi. II .  

Photo by the author, Sept. 1 2th, 1 94 5 · 

A bov e I have performed a calculation of the possible leve! of the glaciation 
limit at the coast at the time of the most advanced mountain glaciation 
(Chapter III B 2 c) and found that that limit surface, even if the position 
of the coast was more elevated than now, possibly was below the sea level. 
I t  thus seems probable that the western ice front in that advanced stage bad 
erossed the strandflat and advanced a considerable tract of the shelf as 
far as depth conditions permitted. In such a case the incl ination of the 
top surface of the ice to the west may have been rather small, and the 
position of the ice di v ide to the w est  of the w ater di v ide and of the ax is of mass 
elevation - as shown by the facts - would be a necessary consequence. 

Fig.  33 - SE-dipping lateral terraces and drainage 
ch annels on the W. and S .  slopes of N ebsuort (I 2). 
From non-overlapping airphotos. Scale I :40.000. 
Dash Iine gives the outlines of the nunatak at a 

certain stage. 
Symbols as in pi .  I I .  On the NW. slope the late
ral formes have been destroyed by solifluction. 
The E. side was too steep for such forms to be 

developed. 

500  m .......... � ............... 
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In fact, I can see notbing contrary to the presuroption that the top ice 
surface, which in northern Norway has been ascribed to the "great" ice 
age, is identical with those of the mountain ice sheet stages (II) , which 
then might better be called western or Atlantic ice sheet stages. Especially 
Stage II of the prime glaciation would suit the interesting and valuable 
observations made by GR0NLIE in the northern regions (Troms0 and en
virons) . Here we are already on the coast of Barent 's Sea, the whole of 
which belongs to the she! f and which possibly played a role for the extension 
of the ice cap in later stages of the prime glaciation . 

As the Atlantic ice sheets were dependent on the shelf as a vehicle, 
the relation of  this shelf to the sea leve! must have been of great importance, 
especially at times of  advance. Leaving out of consideration the climatical 
causes, the great development of the prime Atlantic ice sheet in the northern 
tracts presupposed an exceptionally high leve! of the shelf. As, however, 
the isostatic submergence eaused by that glaciation was greater in the north 
than in the south , and probably was not wholly compensated when the 
new cycle set in, the latter glaciation may have started on some better 
conditions in the more southerly districts . It is also clear that a considerable 
isostatic submergence would be dangerous for an Atlantic ice sheet formed. 

'o/Ile will later on return to this subj ect. 
c. Stages of Con tioental Glaciation. During the prime eastern foreland 

glaciation of the last ice age the ice surface above the top of Krappesvare 
( 1 0 ;  1 064 m) must have lain at a leve! sufficient to permit the ice to overftow 
the water divide. We could hardly suppose a smaller height above the 
summit than 5 00 m. The direction of ftow to the SSW across all great 
landforms also requires a considerable ice thickness. 

The period of the posterior eastern foreland glaciation is represented 
by glacial sculpture from the foreland on summits such as Pelj ekaisse 
( r i ;  I I 3 3  m) and Nasa (6 ;  I 2 I 8  m) , and by the deposition of boulders 
originating from the eastern foreland on top plateaux such as Svaipa (8 ;  
1 426 m) and Nasa (6) (LJUNGNER I 943 ,  p .  207) . In the eastern part of the 
slope we distinguish the directions of striae b and c. In the surmundings 
of the water divide such a subdivision is difficult, all the more as here 
also the time of the d-striae was represented by a flow toward the Atlantic 
coast. In the passes by Nasa (6) , where all sculpture is young, GAVELIN 

observed striae from the E. and the ENE. ( 1 9 I 0  b) . They were introduced 
with dash Iines on map b and c in fig. 1 0. 

T rue b-sculpture is represented on the very summits of Pelj ekaisse ( r 1, 
I I 3 3  and I I 22 m) . As a characteristic c-sculpture is found on summit 894 
and corresponding striae on summit 9 50  of Kaissatj situated I O  km NW 
of Pelj ekaisse ( I I ) , some indications of the  weathered dolerite on the  very 
summit of Pelj ekaisse ( r I 3 3 m) also seem verified. These are a few fractures 
of the type chatter marks from an easterly stream (S 80° E) accompanied 
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by a shallow furrow. (The summit 1 05 0  in Krappesvare was overridden 
from S 72° E.) 

The sculpture sometimes reveals a somewhat diminished plasticity of the ice 
of the c-flo w as compared with that of b, indicating a greater thickness of the sheet 
producing the b-sculpture, and consequently a greater height above Pelj ekaisse. 

In the section fig. 4 I have drawn a line III illustrating an important 
stage in the time of the b-sculpture, when Solvaagtind formed a nunatak 
cf. fig. 20. Indeed , it is not unlikely that this latter level represents the 
maximum of ice level of the posterior contioental glaciation . That would 
coincide with the opinions of REKSTAD, AI-ILMANN,  HOLMSEN, and GR0NLIE, 
cited in the first part of this chapter. 

But a consequence is then that the striae on  the Svartisen Group found 
by ENQUIST belong to a mountain (Atlantic sheet) glaciation . As the 
d irection of sculpture is from the SE. ,  turning clockwise to the S .  as the 
thickness of the ice decreases, the only conceivable stage is the posterior 
mountain (Atlantic sheet) glaciation. 

Here I will call attention to the examples given in  Chapter III B 3 on the 
valley sculpture of the western slope. Characteristic of that sculpture are 
the steep walls ,  which form a sharp l imit between the plateau and the 
disseeting valley i f  the plateau reaches a sufficient height. On the coast 
the plateaux are often reduced to peaks rising above a flattened surface 
corresponding to the valleys of the interior, fig. 29. Obviously, we have 
here the trace of an ice surface. The excellent Norwegian maps of recent 
date permit us to follow that surface. It shows a considerable clip towards 
the coast and a slight fall along the mountain range towards the NNE. 
The direction of the main inclination, consequently, is here to the NW. 
Towards the S . ,  the surface seems to r ise  so that only a few summits are left 
above it when it passes the Arctic Circle. That is the surface which REKSTAD, 
HOLMSEN and GR0NLIE - and at the coast AI-ILMANN and GRANLUND 

have referred to as the maximum ice surface of the last glaciation. 
A serious obj ection can be raised against this interpretation . If the b-flow 

on the eastern slope at higher levels left only some striae and even in the 
valley bottoms generally could not remove the stoss sides of the mountain 
stages, how was it  able to effectuate a sculpture on the western slope im
portant enough to stand out as a remarkable feature on maps on a small scale ? 

This would seem to be ambiguous, hut I propose the following ex
planation. 

First, we must remember that the steep-walled plateaux-dissecting valleys 
as the Skjomen and the Solvåg valleys of the Atlantic slope (Chapter III B 3 ) 

h ave certain analogies on the eastern slope (as the Kujj aur valley) and 
that consequently part of the sculpture in  question must have been brought 
about during mountain stages ; the latest of them, the a-sculpture, was 
characterised by a rising level to the SSW. 
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Secondly, the b-stream must have bad a much greater effect when passing 
the threshold formed by the mountain range along the Iine or zone where 
the upper ice surface touched the section , tig. 2 I ;  that I ine is not the water 
divide but a Iine samewhat to the W thereof - j ust where the sculpture 
in question is  most developed. It might be called the tangential zone. 

Thirdly, according to my experience from the foreland the greater 
distance from the ice divide and the thinning out of the ice sheet invalves 
a strongly increased erading power. 

During the time of the formation of the d-sculpture the ice sheet was 
much reduced. Lateral drainage channels were formed, tig. 30. Finally, the 
water divide was ice free, and ice-dammed lakes were formed on the Both
nian watershed. In the seetian I have marked the leve! of this latter stage. 
In the uppermost part of the Laisan valley, i. e. near the peniosular water 
divide, there are in both valley sides a couple of west-dipping lateral 
terraces and drainage channels, definite traces of the surface of the success
ively shrinking ice body, tig. 3 I .  Already GAVELIN observed them ( I 9 I O  b) . 
In the eastern part of the seetian I found the corresponding east-dipping 
lateral formations in the SW. slopes of Nebsuort (tig. 3 3 ) and Pelj ekaisse 
(tig. 3 2  and pl. II) . The concentration of these formations to SW. slopes 
(i .  e. NE. valley-sides) at the eastern slope of the ice-ridge is of double 
interest. First, it is in  good relation to the e-scratches (Chapter III B I b) 
and secondly, it reveals a elimate of the continental type permitting an 
important insolation ; on the western slope there is notbing to forbid us to 
suppose a maritime elimate eausing meJting mainly by convection .  

Although MANNERFELT ( I 945 , p .  2 I 3 ) denies a pronounced radiation 
elimate during the down-wasting stages in  the southern part of the Scandes, 
his table on p .  2 I 3 reveals a elear exception with regard to the Transtrand 
Fj ells, the only district in  his treatise situated at some easterly distance 
from the ridge of the ice divide. 

Here MANNERFELT also found an exceptionally high gradient of the 
ice surface as measured from the marginal formations, 7/ I oo to I O/ I oo 
( I 945  p. I 3 3 f) . In the opinion of the present writer this may be due to 
the importance of insolation , eausing a more frontal ablation (see below 
p. 67) . In Pelj ekaisse the gradient varies greatly but reaches 7/ 1 00 on the 
best developed terrace .  

C. A Section through the Central Part of the Scandes. 

a .  Position of the Iee Divide. Nowhere has the ice divide been the 
obj ect of so much research as in  Jemtland. Extensive observations of glacial 
striae had been made there even before the investigators were will ing to 
ascribe the erosion phenomena to an ice (DUROCHER , I 846, and HöRBYE, 

I 8 5 7) . 
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DuROCHER, who farther S .  (between Fremunden and Dovre) bad established 
for the first time a movement towards the water divide, thought he bad found 
striae running from W N W. and N N E. on Åreskutan ( 7 )  and in the region of Kall 
NW. of it ( 1 846 ,  pp. 3 4-40,  and map). The movement from ESE. was estab
lished for W. Jämtland and Härjedalen by HöRBYE ( 1 8 5 7 ,  pp. 2 2 , 2 3 , and 
map) . According to TöRNEBOHM ( 1 8 7 2 ) and HöGBOM ( r 8 8 s ) , this movement is 
the sole one there. TöRNEBOHM's diary, published by HöGBOM, has a partly 
different tal e to tell on p. r 3 (movement from NW bad been noted in two 
localities near the frontier) . HöGBOM (p. I 6)  stated that the methods used w hen 
interpreting glacial striae are very liable to subjective judgments, since in most 
cases a stoss-side cannot be found, but his 'unshakeable opinion '  as to the uni
formity of the movement is at the back of this statement. He  abandoned this 
opinion in I 894 ,  w hen be even went as far as to cite DuROCHER ' s  a bove-men
tioned observation at Kallsjön and that of HoLST at Marby on the N W. side o f  
Storsjön (see below) a s  proof of the position of the ice divide far t o  the west 
(p . 7 4) .  HöGBoM's  just quoted statement is an honest admission of the great 
difficulties i n  the interpretation of rock surfaces, which a later generation has 
also had to grapple with ; see, for example, for Jemtland CARLZON-CALDENIUS 
( 1 909 )  and G. FRÖDIN ( 1 9 I 3  and 1 9 2 5 ), for Lappland J. FRöDIN ( 1 9 1 4 ) .  

Although the question of an older sculpture from the  NW. demands a modern 
analysis of the rock surfaces, I have nevertheless wished to see what the liter
ature would lead one to expect. 

According to the table in HöGBOM's diary ( I 88 5 ,  p. I 2 ) he himself obsen·ed 
in I 4 cases an ice movement from the NW ., w h ich h e interpreted, w hen pub
lisbing i t, as a movement from the SE. These I 4 cases make 3 3 % of the 
number of localities . He has in the same way re-interpreted the original reports 
for 9 ( s o % )  of SvENONws's  localities, 2 ( 2 5  %) of GuMAELIUs's, and 2 ( I o o % )  
o f  LINDSTRöM's .  Some of these belong t o  the region for the last ice divide where, 
when making a control of the field, CARLZON-CALDENJUS ( I 9o9) considered the 
alterations to be justified in most cases, but not in others . Uncontrolled localities 
NW. of the ice divide nevertheless remain. 

G .  FRöDIN seems wholly disinclined to consirler that glacial striae and stoss 
sides have been preserved from the earlier phase of the last glaci ation . He has 
not been able to find D uROCHER' s  stoss sides, and does not consirler them to 
be genuine, but due to the structure . When visiting HoLsT's above-mentioned 
locality (FRÖDIN, I 9 I 3 , p. 2) h e could 'on ly confirm that unmistakeable north
westerly sto ss sides were present here' . Bu t h e considered the s tri a e probably 
to be formed by a younger

. 
SE. stream ( I  9 I 3 , p. 2 ), and the locality is not 

mentioned later. Thanks to the hardness of the quartzite, this rock surface 
distinctly imparts the valuable information that, at any rate for the local ity in 
question, the stream from SE. was only able, at most, to form striae, where the 
NW. stream had produced stoss sides. Later o n ,  FRöDIN has found several loc
alities (by 1 I in  the section), another I o- 1 5  km N W  of his last ice di vide 
Härjedalen-Storsjön, that bad stoss sides and striae from the NW stream , and 
younger striae from the SE stream ( I 9 2 5 , p .  1 3 3 , I 5 9) .  But as the older sculp
ture, too, is referred to the wastage period, the implication is that the ice divide 
mentioned migrated eastwards, whereas the ice divide north of the transverse 
valley migrated westwards.  FRöDIN is consequently no longer able to apply his 
simple and attractive picture from I 9 I 4  b (p .  5 44 ; cf. 1 9 I 6 , p .  7 6) of the 
palaeo-, meso- and neo-Scandinavian ice di vide (cf. LIDEN, I 9 I 3, PI 6 ) .  

On the other hand, HöGBOM's  theory ( I 9 2 o, pp. 89 ,  9 I ,  9 2 ), which be  
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supports on the extention of the Rätan granite boulder, is that the Härjedalen
Storsjö  ice di vide, too, had an extramontane position ; if we work from this -
a procedure which FRÖDIN ( r 9 2 s ,  p .  I 2 o) does not consicler impossible - then 
several localities with older rock sculpture from the NW. can be referred to the 
oldest ice-divide position. 

According to this survey there is  in Jemtland, W.  of the last ice divide, 
an outcrop (Marby) with ice sculpture from the NW. which is acknowledged 
to be older. As it consists of quartzite, and as in the previous section it 
is primarily quartzite that preserves the oldest sculpture, there may be an 
agreement here. Dr P. THORSLUND has kindly told me that the circumstances 
found at Marby are repeated at a more westerly point in the section ,  at 
Mattmar NW. of lake Storsjön (letter, May 2 5 th ,  I 945 ) . 

As regards boulder transports, HöGBOM has given us a material of 
permanent valne .  I wi l l  do no m ore than mention his findings in morairres 
on Östberget on Frösön ( I 4) and elsewhere, of garnet-hearing hornblende
sch ists from Medstugan (HöG BOM, I 88 5 ,  p p .  J O, 20, 29 ; I 893 , p .  3 I ) , as 
also the find of a boulder of micaceous quartzite, belonging to the Röros 
schists , as far down as Städjan ( I 894, p. 7 4) . This means a transport far 
eastwards from the immediate vicinity of the water di vide .  Röros is situated 
in Norway, and Städj an is the SE-most Swedish fj ell on the map fig. 34· 
On Röros schists see HöGBOM 1 9 1 0  p .  I 8  and 1 9 I 3  pp .  64-66. 

For HÖGBOM this find was an 'anomaly ' ,  because he had not yet taken into 
account the possibility of  an ice movement 'conflicting with the direction of the 
glacial striae ' .  But later on ( 1 8 94, p. 7 4 ;  r 9o6 ,  p .  I I 9 )  he  advanced these 
boulder transports as proof for the fact that the ice divide 'must some time have 
lain as far west as in the neighbourhood of the water di vide ' .  FRöDIN ( I  9 2  s, p. r 8) 
refers these boulder transports from the W to an early period of the last glaciation. 
He could add new finds of his own ( 1 9 2  s, p .  I s 6 ) .  

Dr KARL WEDHOLM has to ld me that he, at Torvalla near  Brunflo, found a 
boulder o f  the conglomerate from Offerdal, and that this find was verified by 
Professor A .  G .  HöGBOM as weil as by Dr BERTIL HöGBOM. Dr R .  SANDEGREN 
found at Hammarforsen in Ragunda some boulders of the Offerdal conglomerate 
(oral communication 1 94 7 ) . 

Concerning the scratches of the easterly direction G. FRÖDIN ( 1 9 I4 a 
and c) was able i n  N .  Jemtland to distinguish three groups of successive 
age. The oldest orres are those from the ESE. , the middle group com
prises those from the ENE. ,  and the youngest ones are those from the NNE 
and N .  In this counter-clockwise turning (which I had the opportunity to 
confirm on Åreskutan in I 944) FRÖDIN sees an expression of the growing 
influence of the ice development in S .  Lappland ( I 9 I 4  a ,  p .  1 47 ,  I 92 5 ,  pp.  
209- I I ) . The agreement with the turning b-c-d in the northern section 
is obvious. 

Ou r present knowledge (since I 92 5 ) of the Central Scandinavian ice 
di vide during the last glaciation may thus be summarized as follows - if, that 
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is to say, we follow HöGBOM I 920 and FRÖDIN I 9 1 4  for the stretch S. of 
Storsjön ,  and not FRÖ DIN' s opinion of I 92 5 ,  hut his ad mission : Ear !i est 
on, the ice divide lay far to the W. ,  near the water divide ; later on ,  however, 
it assumed an easterly, wholly extramontane position . During a final phase 
it thence advanced some way in  towards the mountain range again ,  with 
the exception of the short portion bounding Storsjön in  the east. - Ac
cording to later striae-observations on Frösön by AsKLUND ( I 936, p. 4) , the 
last ice divide was supposed to have a more westerly position also at Stor
sjön ,  bu t this is Contested by THORSLUND ( I 939 ,  p. I 2 ) . 

Thus, to our knowledge, the h istory of the ice divide in  Jämtland con
tains notbing to confEet with the conditions i n  the Arj epluog section , 
although the Jemtland section  has notbing corresponding to Svartisen's 
mountain group in the W.  This southerly seetian is, i n  point of fact, very 
like the Northern Pataganian one through Nahuel Huapi .  It is, however, 
even more like a Central Pataganian one,  where the finger lake lies partly 
out on the foreland as a true 'Piedmont' lake. 

b. Ice Surfaces and Local Glaciation . Discoveries of fossilized Arctic 
plants led ENQUIST ( I g i 8 , pp.  8 2 ,  go) to think that the western ice margin 
was, already during the Ra period, situated on the Bothnian watershed. He 
was therefore also at liberty to refer the stage of intensified local glaciation 
to this time ( 1 9 1 8 , p .  84 et seq. ) . HOLTEDAI-IL ( 1 928) considers the island 
Tautra i n  the Trondheim fjord to represent the Ra time.  He is backed up 
( 1 942) by UNDÅS. If this is  correct, then the intensified local glaciation can 
hardly belong to the Ra time, for an ice surface lower than the local cirque 
moraines (x on fig. 5 ) would be too flat if  it were at the same time to have 
its margin in  Tautra . The more probable form of the ice surface with its 
margin in  Tautra is  shown by Iine IV. On the basis of pollen material , 
MANNERFELT ( 1 940, p .  36, cf. 1 945 p .  204) has also found that the pertinent 
moraines in  the mountain Fongen ( r )  are of late glacial origin (sensu DE 
GEER) ; he could not, however, fix a more exact time for them . He men
tians tentatively the time for 0YEN 's Portlandia level .  According to 0YEN 
this denotes a considerable elirnatic detericration ; this is contested by 
HoLTEDAHL, however, ( 1 924 ; 1 92 5 ,  p .  r 66). 

There are also large cirques which have no local moraines, hut which 
i n  several cases show distinct deposits of  the in land ice. There is no  dif
ference in  size or development between the cirques with and without local 
moraines. All of  them came in to being before the maximum spread of the 
inland ice. 

Unlike the state of  affairs i n  our more northerly section , the Swedish 
maps here are fairly new ; the Norwegian ones, on the other hand ,  are very 
old. The Swedish ma ps allow of extensive morphological studies ; this is 
particularly advantageous, since the glaciation  limit is registered by means 
of  glaciers only on the Swedish side. This l imit has been drawn through 
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Storsylen (3) and Helagsfj ället ( s ) ,  in accordance with ENQUIST ( 1 9 1 0 ; I 9 1 8) 
and AHLMANN ( 1 934, p. 3 2 2) .  It rises normally eastwards, and may be 
supposed to do so throughout the entire range (cf. LJUNGNER, I 944) . The 
firn limit l ies in Helagsfj ället about 300 m lower than the glaciation limit 
(ENQUIST, 1 9 1 0, p .  I S ) .  

As all mountains with cirques must at one time have stuck up above 
the glaciation limit, we get a number of minimum measurements for the 
former depression of this limit, before the local glaciation was rendered 
impossible by the total glaciation. I have included in the section a number 
of larger cirques according to the map . Some of them have been the subj ect 
of investigations and been mentioned in the literature in  another connection , 
e. g. the cirques in mou ntains 3 and S by ENQUIST ( 1 9 1 0) and MANNER
FEL T ( 1 94S ) ,  in 4 by ERIKSSON ( 1 9 I4 ,  p.  26) and ENQUIST ( I 9 1 8 , p. 86 ; 
moraine-free) , i n  9 by ERIKSSON ( 1 9 14 ,  p .  44), in I O  by ERIKSSON ( I 9 I 4, 
pp .  I 2 7 ,  I 3 S ) .  In I 2  we have to notice not only the cirque to the east of 
Lillfj ället (MANNERFELT I 94S ,  PI .  I )  with ablation moraine but also the 
imposing "Skar" narned Dörrsjöarne with a bottom at about 8oo m (MANNER
FELT I 94S , plate IV) showing great eskers . 

In mountain 9 the depression is 400 m,  in 1 0  i t is soo m ,  and in I 2 
doubtless considerably more, perhaps exceeding 8oo m.  As, however, the 
cirques in  these mountains are deep , and as the present position of the 
firn limit is altogether too h igh to fill the cirques in Helagsfjället or Sylarne 
with snow, the figures quoted must be augmented by a couple of hundred 
me tres . 

This indicates that less deep concavities in certain lower mountains are 
also glacial cirques and should, after a control in the field , be able to supply 
directly usable values, e. g. Dunsjöfj ället (between 8 and 9 in the section) 
and Slaiva (at 7 in the section) , which would give 6oo and 770 m respec
tively. 

As the section shows, several of the eastern cirque bottoms fall below 
Iine x, which itself is probably the lowest conceivable ice surface for the 
Ra stage i f  the ice margin la y at Tautra ( I 6) .  The cirque in 10 has shore 
I ines of an i ce-dammed lake. The cirques were thus formed during a moun
tain stage. 

There are no other records for the construction of ice surfaces from 
older phases in this section .  The youngest stages of decay have been 
studied in detail , on the other hand, by HöGBOM , G. ANDERSSON , ERIKSSON, 
G. FRÖDIN, and MANNERFELT. 

c. M igrations of the Ice Divide at Lake Femu nd. In I 946 I had the 
opportunity to visit the region of the east of lake Femund,  principally in 
its Swedish section . The res u l t is to be seen in fig. 34,  cf. LJUNGNER I 947 .  

At the beginning of  the epoch registered on  map B ,  t he  ice divide was 
situated far to the NW. ,  outside the region .  The distance might be difficult 
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Fig. 3 � .  Three epochs of glacial development in a district to the east of Lake Femund,  
in Dalarne and Herjedalen . Scale r : I ,ooo.ooo. Situation marked by a square in fig-.  2 = F 
in fig. 3 5 ·  Th e ice di vide was in map B si tuated NW. of the area, in map C SE. of the 
area, and in map D i t  erossed the area diagonally . (The symbol nearest to letter C was 

based on stossides and strice only.) 
Map A gives all observations ,  also those which could not be dated. Map A has three 
contour Iines. Th e lowest represents the forest limit, at Soo-900 m, the next one the 
leve! of rooo m, and the uppermOst the leve! of 1 200 m. The latter is surpassed by 

Storvetteshå gna, the summit of which forms a good outcrop. 

to establish as the whole district to the west of the map (the Norwegian 
sheets N.  and S.  Femund ) is built up by rocks not having the capacity of 
preserving striae (H OLMSEN I 93 5 ,  I 937 ) ; they betong to the sparagmites . 
After the direction of striae had turned clockwise from the NW. to the N. 
and NNE. , the ice divide passed over the area and was for a time probably 
situated quite outside of it, to the S. or SE. The turning was now counter
clockwise and continued so. At the end of the glaciation the ice divide 
erossed the area, from its SW:ern to its NE: ern corner (cf HOLMSEN 
I 924, figs. I and 6) . The last ice remnants which dammed great ice lakes 
in Norway bad about the same situation, see HOLMSEN I 924 fig. I .  

5-487o5 Bull. oj Geol. Vol. XXXlll 
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The symbol nearest to letter C on fig. 3 4 ,  localized to the dolerite quarry 
on the Vålå hills , was based on stosside inclil}ations and striae onl}' .  Thus I 
should wish to see my . observations confirmed by the more decisive methods 
which I commonly use hut seldom are applicable to this coarsegrained and often 
weathered dolerite . 

Only in  some southerly localities are faint signs visible of a very late 
clockwise turn ing of the striae, which outside the fjell region of Dalecarl i a 

is pronounced (LJUNGNER I 947, cf LUNDQVIST I 94 1 ) , corresponding to the 
late clockwise turning in  map B,  fig. I I .  They are not marked on the map. 

A very interesting fact is the clockwise turning on map B in fig. 34, 
which is the reflected image of the turning from a to b in  the north (fig . 
I I ,  A). Consequently, the culminatian must have developed between the 
two regions of observation and in this way followed the migrating ice divide 
down to the foreland.  

D. The Piedmont Lakes. 

a. Retrospective Survey. The fjord-like lakes ("finger l akes" ,  "Piedmont 
lakes" )  lying along the eastern border of the Seandes were interpreted by SuEss 
( 1 8 88 )  as glacial rock-basins wh ich had been excaYated, as a resnit of  the counter
incline, by ice flowing from the east. In his treati se on the fjords ( 1 9 00 p .  1 8 2 ) , 
we find that NoRDENSKJÖLD - who had advance information of the results obtained 
by AHLENIUs - writes : "Zur Zeit  ist  es ni ch t möglich, die B l idung dieser Seen 
sicher zu erklären" .  Thanks to AHLENIUs ( 1 9oo )  it was ascerta ined what depths 
prevail in the Lapland lakes ; soundings of up  to 2 2  I m were regi stered (Hornavan 
on our uppermost sectiorr) . AHLENIUs disenssed three possibilities : subsidence of 
the Si luri an zone' ; glacial erosion ; and damming up by glacial deposits . The first 
hypothesis was rejected because the position occupied by the margin of the 
formation was not always appropriate ; and faults were not known o f. The seeond 
theory was discarded because the ice divide had lain above the lake-zone. But 
just because of this l atter reason, i t was considered that the remnant of ice might 
well have protected the lakes from the accumulation which fi l led up the val leys 
e lsewhere. The origin o f  the lakes should thus be sought in  glacial damming up, 
which was also taken to be the prime factor by HöGBOJI.L But HöGBOM allows 
other factors as wei l .  H e concludes his elaborate discussion (I 906 ,  p. 2 s o )  with 
the following general verdict : "The re are so man y different f actors w h ich hel p 
to determine the type and formation of these lakes that no single factor can 

' Along the eastern border of the Scandes, from the southern section to the N., there 
i s  a so-called Silurian zone. Resting upon the pre-Cambrian subdeposit are sedimentary 
rocks of Silurian age, but towards the N . ,  mainly Cambrian and Eocambrian rocks (my 
paper I 943 b). These rocks are capped by overthrust metamorphic rocks. Only in the  
regi on of the southern section have the sedimentary rocks been laid bare to some extent  
by erosion. Otherwise, the narrow strip of the Si lurian zone i s  l imited on the W. by a 
dentale precipice, callcd "gl int" ,  eaused by the sapping effect of the erosion - starting 
from the easily eroded �lates below the hard overth rust masses. In the south ern part  of 
the eastern Scandine border there is no Si lurian zone of this  kind.  The Silurian district 
in the thrust region of Oslo belongs to the foreland. 
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justitiably be regarded as solely determinant ."  T AN NER ascribes ( I 90 7 )  Lake 
Kilpisjärvi mainly to stream erosion and dislocations. 

Thariks to the detailed investigations of  SJÖGREN and J. FRöDIN on the lakes 
strung a Iong the courses of the rivers Torne and Lule (pub l .  in I 909  and I 9 I 4 
respectively) ,  it was ascertained th at, in the main, these lakes are rock-basins, so 
that proper recognition could now be given to the part played by glacial erosion . 
Both writers seem to believe that the rock-basins were shaped beneath a mighty 
sheet of land-ice, independent! y of the position occupied by the ice divide. SJöGREN 
sites the ice divide (right until the wasting stage was reached) above the western 
portion of the lake, making it  culroinate towards the Abisko fjells ( 1 8 ° 3/4 E), 
while FRÖDIN places it approximately over the centre o f  the stretch of lakes 
(I 9 o E). At this point research came to a halt in Sweden, though further inves
tigati ons were subsequently carried out in Norway, where prel iminary soundin gs 
of a number of lakes had already been performed at an early date. AH LMANN ( 1 9 1 9 , 
p .  43 )  emphasized the fjord-like character of the lakes and went so far as to 
include several of the Swedish finger-lakes under the same heading .  Thi s  simil arity 
to the fjords (including the nature of the rock-basins) has also been stressed upon 
by KIJER ( 1 9 2 7 ) with reference to Tyrifjord, by HoLTEDAHL ( 1 9 2 9 , p. 1 4 2 ff) with 
reference to Mjösen , and by KALDEN and STR0M ( I 9 39 )  with regard to Fyresvand 
and a number of other lakes ( "Fyresvand is a fjord-type lake and demonstrably 
a pure rock-basin" ) .  

A notable advance in our  knowledge o f  the part played by glacial erosion 
in general in Seandinavia is chronicled in the leetures given in 1 93 8  by AHLMANN 
and LAURELL in Amsterdam . These writers point out that the nature and effect 
of glacial erosion depend both on the terrain and on the phase of  glaciation 
reached. The finger-lakes (whose origin is ascribed, in  part, to a tecton ic  sub
sideuce of the mountain chain) are a lready referred to here (p. r o ) in connection 
with the initial phase of  glaciation , when glacia l  erosion was at its strongest, 
owing to the previous period of weathering (regarding the fjord-like lakes occurring 
in the fjord-zone, on the westerly side, cf  VoGT 1 9 1 3 , pp. 4 2 ,  46 ) .  It was then 
{claim AHLMANN and LAURELL) that the lakes received their first moulding, and 
their overdeepening, during the main phase, by the reorientati on of the ice-current. 
Importance is also attached to this last factor by AHLMANN, LAURELL and 
MANN ERFELT ( 1 9 4 2 ) ; on p .  2 2  the fjord-like lakes o f  Norrland are referred to as 
products o f  the Ice Age as a whole .  

W hen, in the course o f  leetures delivered during March and April 1 94 3 ,  I 
venti l ated my own interpretation of the fjord-like lakes, describing them as the 
result of ice-tongue erosion during an early stage of  glaciation ( I 943  a, pp .  1 9 9 ,  
2 o9 ) , I be  lieved th i s  to  be an entirely new hypothesis .  I t was  not  until a y ear 
later, when the chapter in question was finished, that my attention was drawn to 
T ANNER 's  treatment of this issue in his book, Die Oberflächengestaltung Finnlands 
( 1 9 3 8, p. 4 5 4 ff), where the same interpretation i s  proposed . But TANNER adduces 
no reasons, either theoretical or empirical , for the vital assumption that the gl acial 
period in question persisted Iong enough to produce an erosive effect of such 
magnitude. 

b. The Lakes Interpreted as Old Glacial-Marginal Lakes. I would 
here attempt a purely geographical perspective. A cartographical exposure 
and scale of depths have been furnished by HöGBOM ( 1 9 1 3 ,  pp. 1 39 ,  1 40, 
1 49). I n  order to get the whole lake-zone on one and the same map, I have 
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selected, as my working  basis , a map by AHLMANN showing the limit of 
glaciation in  Scandinavia, and on which the lakes are marked . On fig. 2 I 
have indicated the eastern l imit of the Silurian and also drawn in  the ice 
d ivide accord ing to LUNDQVIST. 

If we consicler the limit of the Silurian as suggesting a possible explanation 
of how the lakes came into being, we note that the demareatian of this l imit 
is partly appropriate in Southern Lapland and Jemtland,  hut not in  Northern 
Lapland .  In the Oslo region, certain lakes lie in the Silurian zone, and 
others lie between it and the axis of the mountain range ; while to the 
SW. the chain of lakes continues without any Silurian accompaniment, j ust 
as, on the NE. ,  the border of the Silurian continues without any accom
panying lakes . A corresponding result is obtained in respect of the so-called 
"glint" (see III D a, note 1 ) . The importance of the change in  direction 
of the ice-current ought to be revealed in  the relation of the chain of lakes 
to the most easterly s ite of the ice divide. This is not so widely known. Bu t 
i t is noteworthy that the chain of lakes nowhere stretches as far as the Gulf 
of Bothnia in  Central Scandinavia, whereas in  South Norway it  extends far 
beyond what is generally agreed to have been the position of the ice divide 
even at the time when the ice had reached its maximum expansion.  

The chain of lakes can only be geographically correlated with a single 
feature : the dominant chain ofjjells stretching from Langfjellene in the south 
to Abisko in the north. Where the chain of .!Jells decreases in  altitude, 
towards the north , the string of lakes sweeps in towards the .fjells and 
disappears (cf the marginal formations in  Tierra del fuego) . Towards the 
�jells the limit of the chain of lakes is indefinite, and it is the outer margin 
that is  noteworthy (cf Patagonia) . 

S ince I have been able to show (for one section so far) that a westerly 
position of the ice di vide, corresponding to the position of the ice divide in  
Patagonia (and one,  moreover, which certainly also obtained in  Jemtland) 
repeatedly recurred and sometimes persisted for lengthy periods, it follows 
that the chain of lakes, whose position exactly earresponds to that of its 
Pataganian counterpart, ought to be correlated with the same intramontane 
location of the ice divide. In other words it may be regarded as constituting 
the remnants of an old glacial marginal formation . When the lowlands were 
flooded, the resulting destruction was not limited to the arcs of the terminal 
moraines ; the rock thresholds must likewise have been affected . I have 
ascertained that powerful disruption was sti l l  taking place in  the threshold 
area of Storlaisan during a late glacial phase ( 1 943 a, p. 206). And it is 
doubtful - especially as regards those portions of the lakes lying outside 
the glint - whether a basin-shape fasbioned in  ideal conditions could have 
been restored or undergone any s ignificant enlargement as a result of deep 
erosion during the stage of maximum glaciation . No lakes of any size were 
formed in  the parts of Norrland lying doser to the coast, where the terrane 
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acquired powerful relief a s  a consequence o f  Tertiary elevations (AHLMANN 
and others, 1 942 p. 20). 

I admit that in suitable portions of  the lake-zone other factors have helped 
to form the lakes or affected their later development. Thus we can claim 
with every assurance that the feebler resistance of the autochthonous sediment 
facili tated deep erosion in several Lapland lakes, j ust as the reduced height 
o f  the mountain ridge outside the glint meant a reduction in deep erosion. 
Tectonic as well as isostatic movements may have played their part. I have 
myself been able to demonstrate considerable Caledonian deformation of the 
subdeposit of primitive rock in  the Silurian zone ( 1 943 b) ' ,  hut i t  i s  not until 
we get as far. as Southern Lapland and Jemtland that the lakes fall within 
this zone to any marked extent. I have also had an opportunity, in the 
Laisan valley, to observe that a reversal of the ice-current increases the 
possibi lity of erosion ( r 943 a, esp .  p .  204) . My observations also tall y with 
those of AI-ILENIUS w hen he points out that, at the final position of the ice 
di vide, ice-remnants protected the basins from being filled up.  The importance 
of marginal terraces for the damming up of marginal lakes is a fact weil 
known to us from Norway (the lakes of 0stland) . But i t seems incongruous 
that a chain of lakes pursuing a regular course should have been brought 
about by entirely different eauses in various parts of the chain .  There must 
be one factor common to all sections of the chai n ;  and this must be the 
main factor. 

c. Present M o rphology of the Lakes. Some light is thrown on the 
origin of the lakes if we compare their present morphology and the way in 
which they were affected by deglaciation . In the South of Norway deglaciation 
was accompanied by intense ice-activity, taking the form of normal recession 
with very protracted halts - sometimes interspersed with advances. On its 
margin the ice assumed the form of tongues which were responsible alike 
for eros ion and accumulation (HOLTEDAHL 1 924, p .  78 ,  cf 1 92 5 ,  1 934 p .  36 1 
and KIJER 1 92 7) .  The process was the same as when the lakes came into 
being. In this way the old fj ord-like lakes were renovated . And it  is here 
that we find the greatest depths : in  the Silurian region we have Mjösa 4 5 2  
(the deepest part l ies mainly i n  crystalline rocks) and Tyrifjord 2 9 5  m ;  while 
in the Pre-Cambrian basal ground we have Tinsjö  445 ,  Fyresvand 369, and 
Bandakvand 289 m. By contrast, in the region where the more northerly 
lakes are situated , the ice wasted away as dead ice, and one of Norrland' s 

larger lakes came to lie to the west of the last ice divide, namely Storsjön 
in Jemtland ,  which despite its width is only 80 m deep. 

' I have recently shown, that the Lake Lockne in  Jemtland, situated at the right end 
of the section fig. 5, occupies a tectonic depression ( 1 948 a, p .  482). 
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E. Iee Balance in the V arious Phases of the Last Iee Age. 

1. The Evolution. 

a. The Prime Glaciation developed first to a mountain glaciation reach
ing the mountain ice sheet stage (Chapter III B I d, e and 4 b) . The ice sheet 
formed bad probably a westerly orientation and was possibly iden tical with 
the sheet of the so-called "great ice age" in  northern Norway. In fig. 3 5  its 
ice divide ( I ) is p laced on the western slope. For the northern part of the 
Seandes it was the most important one .  The ice divide then got a pronounced 
northerly culminatian and migrated to the eastern border of the mountain 
range. The culmination remained within the Arctic cirele. Considering the 
pronounced flow in  the direction of the ice divide, this should possibly be 
Jooked upon rather as an appendage to a central ice nueleus culminating 
perhaps on the Finnish-Norwegian frontier (2 in  fig. 3 5 ) .  

It is obvious that the ice masses, accumulated to maximum height on 
the Bothnian slope within the  Arctic Cirele, must find their principal outflow 
through the Baltic "valley" and form a Baltic ice stream. The oldest ice 
stream traced at the outJet of the Baltic sea (Skåne and Langeland) was in 
fact a Baltic stream (WENNBERG I 943) .  There may be identity, but the 
distance from the Arctic Cirele is great for a true connection .  

b .  T h e  Interval, which followed, imports a deglaciation of the foreland.  
The glaciation of the mountain range was reduced, but we do not know if 
the deglaciation here was complete. On bare outcrops in Krappes,·are traces 
of the prime-scratches are to be seen in sparagmitic sandstones to about 
the same extent as the younger ones, and below a thin covering of earth 
the fine polish , i f  not substituted by a younger one, is also preserved. Shortly, 
there are no examples to show that the prime sculpture was spoiled by 
weathering during the in terval. Consequently, i f  the earth cover was not 
greater during the interval than in postglacial times, there is no  reason to 
believe that i n  the leve! of Krappesvare the ice-free time was of so Iong a 
duration as the postglacial time at the same leve!. At lower levels the ice-free 
time was shorter. If the covering was greater during the interval, or the 
elimate of the latter did not comprehend so warm epochs as the postglacial 
time partly d id ,  then the length of the interval may have been greater. 

Based upon this estimation I am inelined to characterize the interval 
not as an interglacial but as an interstadial epoch . It not unlikely ineludes 
the intermorainic deposits of Jemtland and Lappland, in the region of the 
Piedmont lakes. According to the interpretation of KULLING ( 1 945 )  they 
do not require the actual elirnatic conditions. If the arctic elimate registered 
by the Danish and Contioental peatbogs of the Hemingen type (older than 
the last glaciation ) can be parallellized with the prime-glaciation of the eastern 
foreland,  then their upper layers containing a warmer flora would correspond 
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F i g. 3 5 ·  Positions of the ice di vide during the two glaciation s of the last glacial age, cf fig. 2 .  
A = t h e  centre of  diagram A of fig .  I 1 .  
B = t h e  cen tre of diagram B o f  fig. I I .  
C = t h e  h ighest shore Iine (295 m a .  s.) in  Fennoscandia. 
D =  Tammerfors (Tampere). 
E =  Locality of stri;:e observations S. of Upsala. 
F = Idre, the church (cross) on fig. 34 A .  

to  our interstadial ; the  elimate indicated seems, however, to  have been 
warmer than necessary to explain the development in Scandinavia. I 

c. The Posterior Glaciation began as the former one with a mountain 
glaciation.  There was formed an ice sheet of westerly orientation. Its ice 
divide was on the western slope { 3  in tig. 3 5 ) .  The further development, 
however, was directed to the S .  The culminatian grew up on the S. side 

' According to S .  A .  ANDERSEN, Copenhagen ( 1 946,  and his leeture in Stockholm, 
Oct. 1 946), the specimen of a warm ternperale flora found in the upper layer of the 
Hemingen peat-bogs should not originally belong to that horizon, but have been deposited 
there secondarily. He refers the hari zon to an old Baltic interstadial epoch of the last 
glacial age. In such case the interstadial epoch found by me in the Northem Seandes 
would suite the upper layer at H emingen very weil (cf LJUNGNER 1 946 b). 
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of latitude 66° , probably in the central parts of the Scandes . The ice divide 
migrated to the foreland and the culroination developed to a central nucleus 
with almost radial outflow. 

One reason to assume a pronounced central nucleus is the rather circular 
form of the ice horder, as far as it is known . Another reason was supplied 
by my investigations along the S .  side of the Skellefte River (fig . I I ) : the 
oldest flow of the posterior foreland glaciation was on the mountain slope 
not from the ESE. hut from the SSE. and on the lower foreland not from 
the WNW. hut from the SW. (S .  40° W.) was seen ,  hut the most southerly 
direction of that region had probably not yet been observed . 

For the position of the culroination at the maximum extension of the 
ice sheet the point of the highest shore I ine (295 m, Högsvedberget, C in  
fig .  3 5 ) is of great interest. As, however, the  i ce  nucleus a t  the  t ime of 
regression was migrating towards the N. (see below) , the isostatic emergence 
was i n  the N.  delay;ed, i n  the S. accelerated. Consequently, a greater part 
of  the total rate of submergence was registered by shore- l ines in  the N. 
than in the S . ,  and the maximum load may have lain more to the S. 

The oldest scratches found by HELLAAKOSKI ( I 943) at Tammerfors are 
from the W. Provided that they belong to the last glacial age, the only 
epoch really conceivable for their engraving must be the stage in  question .  
In Upland (60° S on the Baltic coast) only accidental observations have 
h itherto been made, hut an old sculpture repeatedly found by me to the 
S. of Upsala is from the N. I 0°-20°-30° E. and was effectuated by a very 
plastic ice. The flow from NNE. was plastic enough to polish and scratch 
leesides of 3 5 ° of inclination in the direction . of the striae. That ice had a 
considerable thickness, much greater than the ice which brought about the 
predominant sculpture of the region (from NNW.) . This sculpture is evident! y 
younger, although probably prepared in  old stages of advance. The sculpture 
from NNE .. therefore, may very well be connected with the same stage of 
maximum extension . 

The hearings of the oldest striae mentioned at Tammerfors and in Upland 
intersect in the Bothnian Sea, at lat. 6 I 0 I /2 N.  and Iong. I 9° E. (5 in  fig. 3 5 ) . 
Here the culminating point is placed by way of experiment. 

If there existed an ice ridge marking an ice divide at this very advanced 
stage, it must have been very slight, as the röle of the orig in of the outflow 
had been mainly taken over by the central culmination . But there must 
have been transitional stages, when the ice divide showed a more l inear 
extension (4 and 6) and an ice ridge with an axial clip towards the N. and 
the W. With such a stage I have combined the oldest position now recognizable 
of th e ice di vide in the locality of the Skellefte River (fig. I I ) . 

The dome shape of the ice body at this stage of maximum ice accumu
lation was of great importance for the iee-eovering of the mountain range. 
From the centre in 5 (fig. 3 5 ) the distance was great to the part of the 
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Seandes lying within the Arctic Circle. Also the southern part of the Seandes 
lay more distant than did 

'
the cen tral part. Consequently, it is possible that 

the ice sheet covered all summits of the central Seandes right out to the 
coast and contemporaneously left the h ighest and most distal parts of the 
N. and S .  Seandes ice free .  That such a spherical outl i ne  existed also on 
the Norwegian coast seerus evident from the fact that the terminal moraines 
at Stad (about 62° latitude) when continuing their course towards the N 
do not follow the concavity of the central part of the coast but run out 
in the sea (UNDÅS I 942 , known from a review) - the reflected image of 
the circumstances seen on the Arcti c  Circle, where the boundary between 
the forms of local and ice-sheet glaciation with a NE. trend cuts i nta the 
coast. The isobates of the upheaval of the land show the same course 
(HOLMSEN I 924, tig. 2, or any handbook) . 

The low ice surface supposed above for the t ime of the b·flow i n  the 
N.  Seandes (tig. 4) thus seems natural . Especial ly so high lati tudes as 70° 

must have had great possibilities to escape total glaciation . The formation 
of cirques, so characteristic for the western slope of the Seandes within  
the Arctic Circle ,  could go on partly undisturbed also at the time of the  
maximum extension of  the  ice  sheet (see AI-ILMANN I 9 I 9, p .  2 28 ,  and others) . 
The same opportunity was given for the development of nunataks, which , 
according to NORDI-IAGEN ( I 9 3 3 ,  cf AI-ILMANN I 9 I 9, p .  2 I 2) , characterize 
also the coast of S .  Norway ( in Möre, at lat. 62 ° I /2) . The topographic 
maps are here old and but little detailed . (Jotunheimen was completely 
covered by the inland ice according to AI-ILMANN I 940, p. 99. )  

The dome shape of the  i ce cap at the time of maximum extension on 
the continent seems to be the only manner to explain the bicentricity in 
the distribution of plants in  the Scandes. There are p lenty of  plants 
inhabitin g the N .  and S .  parts of the Seandes but lacking in the central 
part. In the last decades there h ave also been made tinds which seem to 
indicate that, at the h ighest lati tudes of Scandinavia, man survived the 
last glaciation . 

In the t ime of regression the culroination passed to 7 (tig. 3 5 ) as 
described in Chapter III B I c. The course of the ice divide in the North 
seerus to have been about the same as for 7, bu t then the ice di vide 
migrated to the mountain range aga in and during that m igration the culmi
nation lost i ts importance. Number 8 in the tigure indicates the divide 
- as also numbers I and 3 - and not a culmination . 

As regards the migration of the culminatian (ice nucleus) to the north , 
clearly manifested in both seetians and on the Lapland foreland, the position 
of the last ice divide can hardly be synchronous i n  the southern and the 
northern sections. The position of the last ice divide in  front of Storsjön 
(the southern section) has therefore not been combined with position 8 but 
with 7· 
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This migration of the ice nucleus towards the N. shows that the leve! 
and the extension of  the ice sheet in  the northern part of Seandinavia 
must have el iminished relatively slowly. Between the stage of maximum 
extension and the Ra stage there must have been only a small difference. 
In a late stage there may have occurred a small advance in the north , 
which in the south was registered by an increased local glaciation. An 
important consequence is that the isostatic movements must have got into 
an uneven phase. 

2. The Iee Balance from a Mechanical Point of View. 

The movement of the ice up  the eastern slope of the mountain range 
was explained by HöGBOM ( 1 88 5 ,  p .  3 7) by the resistance to outflow towarcls 
the SE. of the slow ice masses resting on a great land area. After an 
interesti ng discussion between LEPSIUS, HöGBOM, BROCKNER and AMPFERER 
(reviewed by ENQUIST 1 936,  p. 36-39) HöGBOM's theory was accepted , 
i .  e. that the position of the ice d i  vide must be located where the resistance to 
movement is from both sides equal , irrespective of the posit ion of the water 
d ivide. Certainly, ENQUIST ( 1 9 1 6, p. 36 f. ) made the objection that HöGBOM's 
theory does not take in to account the importance of atmospheric conditions, 
hut we must not mix up  two quite different things.  HöGBOM's theory on  the 
position of  the ice d i  vide says nothin g regarding the c a u s e s of the changed 
extension of the ice ca p .  It only explains mechanically the position of the 
ice eliv ide as a consequence of the ice cap's extension in relation to the 
orography at an y moment of development. His im portant theory will henceforth 
be referred to as HöGBOM's law. The ice di vide changes position in consequence 
of changed conelitians of accumulation or wastage, hut the position of the 
elivide is always determined by HöGBOM's law. 

During the foreland glaciations th e Seandes effectuated a great resistance 
to the outflow towards the Atlantic .  This resistance varied , however, with 
time and space, being very great when or where the ice sheet had a small 
thickness in  relation to the height of the water divide, hut small , when or 
where the ice surface reached a great altitude i n  relation to that of  the 
water divide.  Consequently, at the time of the maximum development of 
the last foreland glaciation the ice elivide could retire a great distance from 
the water elivide and mostly in the central part. The great bend of the ice 
d i  vide (4 and 6) , as dra w n i n  fig. 3 5 ,  is an ex pression of the f act t hat to warels 
the distal parts of the Seandes the ice sheet was thinning out and the 
ice elivide therefore much dependent on the resistance from the mountain 
range, whereas i n  the cross seetian of the central Seandes the thickness 
of the ice cap was sufficient to make it almost independent. The sadeile 
in the central Scandes, which obviously was a cause of the corresponding 
bene\ of the later ice elivide (7) around the Storsjön depression , may have 
played a small role at the maximum stage. 
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During the growing extension of the ice cap towards the E. and S .  the 
resistance to outftow in those directions must have increased . That is the 
other factor of equal importance for the migration of the ice divide to the SE. 

At the times of wastage the ice div ide had to migrate towards the water 
d ivide. The clearly experienced migration of the divide from 7 to 8 at the 
Arctic Circle is a good illustration . The h igher the mountain range and the 
th inner the ice sheet, the nearer came the ice divide to the water divide 
- save the dead ice masses . In front of the great saddle of the storsjö
Trondheimfjord depression , on the contrary, the ice divide remained at a 
great distance from the water divide . The thickness of the ice sheet here 
may in part have been inherited from the former conditions. If so, also the 
bend of the ice divide is  partly inherited. 

At the beginning of a new glacial cycle a mountain glaciation developed 
mainly on the Atlantic slope. The resistance of the ice-masses to outftow 
must here have cietermined the position of the ice divide a little to the 
W. of the water divide. An increase in  glaciation under the same conditions 
of accumulation must theoretically cause a migration of the ice divide to 
the V./. as the ice front advances over the lower coast land (now greatly 
inundated by the sea) and the shelf. As, however, the conditions of accu
mulation from a W. to an E. predominance probably changed by transition , 
we must suppose also a migration of the ice divide from the W.  slope to 
the E. one. 

3· Meteorological Conditions. 

a.  Present Conditions of Importance for the Question.  As a conse
quence of the mountain range and of the prevailing western winds there is in 
Scandinavia, as in Patagonia, a clear contrast between a maritime western 
side and a contioental eastern side, although not so conspicuous as in Patagonia .  
An expression of that contrast is given by a chart demoostrating the yearly 
amplitudes of temperature, published by H. E. HAMBER G i n  I 907 (PI . I 5 ,  
c f  for Norway MOHN 1 92 1  PI. 1 4  and for Sweden WALLEN 1 930, fig. 1 3  
and ÅNGSTRÖM 1 942) . Whilst the amplitude o n  the eastern side o f  the 
Seandes generally is high (exceeding 2 8° C in central Lapland , 2 5 ° i n  the 
upper part of Dalarne,  and 26° in SE Norway) , diminish ing in  front of the 
greater depressions of the Seandes (at Torneträsk to 22° and in W.  Jemt
land to 1 9°) , it is at the Norwegian coast only about 1 0° C. The axis of 
continentality l ies near to the mountain range, which reveals the importance 
of Föhn winds (JoHANSSON 1 9 1 3 , cf 1 9 1 4, p. 248) . 

Another expression for the contrast in  question is the distribution o f  
precipitation , which strongly favours the Atlantic side. Most interesting  are 
the works of  \\1 ALLEN 1 92 3 ,  treating part of the mountain range, and 
A II LMANN 1 92 5 ,  treat ing the peninsula (cf for Norway JOI-INSSON 1 93 7) . 
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As a consequence of the elirnatic contrast mentioned between eastern 
and western Seandinavia the glaciation limit shows a pronounced inclination 
towards the N. Atlantic , called the Seandie by DE GEER 1 9 ! 0. That inclina
tion was treated above and i n  a special paper of mine ( 1 944) . 

Scandinavian weather is ruled by the passing Atlantic cyclones. Certain 
tracks are preferred , most of which have the waters to the South of Greenland 
as a startin g  point. One (v .  BEBBER No. I) passes off the Atlantic coast 
touching Seandinavia in its northernmost part. Another (No. IV) does not 
hit Norway hut passes England, the North Sea, Denmark, the southernmost 
part of Sweden , and the Gulf of Finland. 

The storms following  the northern track are those which benefit Sean di
navia with the warm and moist SW. winds hut bring cold NE. winds to 
Greenland .  The storms of the southern track bring prec ipitation from the 
SE. over south-eastern Seandinavia and Finland ,  and at their back side cold 
polar winds from NE. and N . ,  placing the m ain part of Seandinavia in  the 
situation of Greenland just mentioned. The first ones are often generated 
or reinforced in the Seandie part of the Gulf Strearn,  the seeond ones in its 
middle part (W . of Ireland ,  S. of Iceland) , although the air masses brought 
in  vary in origin . A changed frequency between the two cyclonic tracks 
must exercise a great influence upon the mean conditions of a year in 
Seandinavia (SANDSTRÖM 1 9 1 7 , p. 242 , cf for U. S.  A. W ARD and BROOKS 
1 936 ,  p .  1 26) .  Accord ing  to SANDSTRÖM 1 944 the cold w inters 1 939-42 
were due to a raised temperature of the Gulf Stream in its middle part 
and diminished temperature in i ts Seandie part. Probably polar conditions 
also play a röle. 

The precip itation at different winds was treated for S .  Norway by 
BJERKNES and SOLBERG ( 1 920) , for the southern part of Sweden by Ö sTMAN 
( 1 927) and for Finland by KoRHONEN ( 1 943) . Unfortunately no research 
exists on the rain and snow-briogin g winds along the Swedish side of the 
mountain range. The experience of the inhabitants in the north is that al l 
snow- falls of any irnportance occur duri ng easterly winds. An illustration 
of the precip itation during storms of the southern track is afforded by charts 
of NYBERG ( 1 945 , p. ! 07) ,  VAN MIEG HEM ( 1 936, p. 99) , and ÄNGSTRÖM 
( 1 926, p .  r o6, 1 07) . According to KORHONEN ( 1 943) the rain shadow of 
the Seandes includes also Finland, the snow being brought by south-easterly 
winds. 

b. Mountain Glaciations and Atlantic Iee S heets. A parallel sinking 
of the recent glaciation limit would result i n  mountain glaciation of a 
westerly orientation . It is, therefore, only natural that any new glacial 
cycle originated as such a mountain glaciation. The conditions required are 
j ust the present ones save a lower temperature. 

The consequence of the first mountain glaciation must have been a 
sharpened contrast between the maritime western and the contioental eastern 
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sides of the Seandes and of  Scandinavia. The investigations carried out 
in  Norway by AHLM�NN have demonstrated the enormous importance of 
a glaciated surface for the condensation of  water va por. In AHLMANN's map 
of  precipitation the areas of the plateau glaciers excel all others. Conse
quently, an ice cap mainly covering, !et us say, the upper half of the 
western slope and the uppermost part of the eastern one (contemporane
ously augmenting the height of the range filling out its passes) must be 
of  supreme importance. In such conditions the mountain range would have 
left uncondensated a much smaller part of the water vapor of  the passing  
western a i r  masses than they nowadays retain.  The Föhn action on the 
eastern side must be greater, which was of twofold importane .  Not only 
was the supply of  warm air greater. The insolation ,  too, was highly 
favoured by the augmented clearness of the sky, and that was the most 
important consequence. As the amplitude increased, the sinking of the 
mean temperature had but small consequencc for the summer temperature 
of  the eastern fore]and. On the western slope not only the apportunities 
for insolation were reduced by the increased maritimity, but also the area 
able to utilize the insolation for heating. 

In view of the circumstances treated ,  there are all reasons to assume 
that the incl ination of  the glaciation l imit (snow l imit) towards the Atlan ti c 
increased ,  the more the mountain glaciation developed. As a consequence 
the ice divide developed on the western slope and had - at !east for a 
time - to move to the west. 

Also at that very advanced stage of mountain glaciation , when almost 
the whole section of the mountain range was covered by an ice sheet -
the Atlantic ice sheet stage - the ice di vide had a westerly position , 
probably still to the west of the water di vide,  as the Svartisen plateau 
could be overridden at that time (see Chapter III B 4) . 

c. Atlantic and Contio ental Glaciations. Consideri ng  the great lowering 
o f  the glaciation l imit  (snow l imit) during the stages of mountain glaciation 
- as demonstrated by the low eastern cirques (Chapter III B 2 c and 
III C b) - it seems very questionable whether the ice would ever have 
forced the eastern foreland ,  if  the prevailing wind had not shifted . 

The theory explaining the contioental ice sheet as a leeside formation 
by drifting  snow has been treated in Chapter II B b. 

To explain  the eastern foreland glaciation i t  scems necessary to assume 
a change in the regimen of winds. At !east the easterly winds must have 
been common,  and so the strong elirnatic contrast between the eastern 
and western sides of the Seandes levelied before an ice cap on the eastern 
foreland could come into existence. 

In fact, there are under the present conditions two tendencies which , 
provided a weakening of the Gulf Stream in the Scandic, would develop 
to great force and act together in  shaping the prevailing easterly winds 
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over Scandinavia. The one is the recently mentioned cyclones of the 
southern track (IV} . The other is the Arctic anticyclone which - as WUNDT 
has pointed out ( 1 944) - would show an increased force and a greater 
sphere of action . Both would bring cold air. The first would mainly bring 
the precipitation (from the SE). The position of the ice nucleus stands in 
good relation to the feeding of the ice from that side. The seeond would 
help to check the tendencies of  the storms to take the northern track. I 
will further develop th is idea, §§ d and e. 

d.  The Gulf Stream and the Arctic Anticyclone. The Antarctic forms 
an ideal pole. In the immediate surmundings of the astranornie pole we 
find the ice centre, and the cold centre, and the centre of the great polar 
anticyclone which brings easterly winds. 

The Arctic is bui lt otherwise. A central sea is surrounded by continents, 
united by submarine  thresholds. If these thresholds were effective  throughout, 
the Arctic sea would probably be covered by ice so completely that its 
nature of water would loose its climatical importance. The Arctic would 
form a more sol id  cold district and generate a polar anticyclone of  great 
power. As a starting  point for a glacial age these conditions must have 
been very favorable. 

One of the inlets to the Arctic sea is, however, deep enough to permit 
of  an important communication with tropical waters . The superficial part 
of that communication is the Gulf Stream, which holds a great part of 
the Arctic sea ice free, splitting up  the Arctic into scattered land and sea 
ices and impeding the formation of a firm polar anticyclone. 

e. The Gulf Stream and the Cyclonal SE. Winds. The Antarctic is 
surrounded by a zone of low barometric pressure. The polar side of this 
trough is characterized by the same easterly winds as is the high pressure 
area of the polar calotte. These easterly winds are explained by MEINARDUS 
( 1 938} as the back side of the depressions moving eastwards. They are 
considered by h im to glide up over the anticyclonal air masses and bring 
the main moisture for the feeding of the polar ice. 

In the northern hemisphere no circumpolar sea exists. But the track of 
depression is a reality. The depression touching the European Continent 
generates in the Atlantic part of the Gulf Stream. That part (track IV} which 
is  of special interest for Seandinavia was already mentioned as depressions 
moving over the Balti c and bringing precipitation from the SE. and cold 
winds from the NE. and N.  For the crcation and feeding of a contioental 
ice sheet in Seandinavia they would be important, as at more advanced 
stages also the lows of track V b. 

At present the cyclones traversing the Seandie or generated there 
(track I) move towards the Arctic bringing S and SW winds over Scandi
navia ,  hut i f  this fabrique of cyclones could be el iminated and the northern 
t rack closed, the southern storm track (IV} would have predominant in-



THE QUATERNARV ICE CAPS IN PATAGONIA AND SCANDINAVIA 7 9  

fluence upon the evolution in Seandinavia - in concurrence with the 
polar anticyclone. 

f. The Elimination of the Gulf Strearn in th e Seandie and in the 

Arctic. The liberation of  the forces apt to give prevai l ing easterly winds 
in  Seandinavia requires, as we have seen , the elimination of that part of 
the Gulf Stream which now enters the Seandie and continues its course into 
the Arctic Sea. 

An effective way of checking the Gulf Stream in the Seandie and 
Arctic must be the closing of its inlet into the Scandic. The critical pass i s  
between the Hebrides and the Faroes , were the  depth is less than 6oo 
ruetres (tig. 36) . Several authors have pointed out the i mportance of this 
in let for questions  pertaining to the Ice Age, from ENQUlST 1 9 1 4  to WUNDT 
1 944. Of especial interest was a paper by AHLMANN and HELLAND-HANSEN 
1 9 1 8 . In f act, t here are geomorphological features w h ich could not h e 
explained uniess a considerable part of the shelf around the Seandie had 
been laid bare, as submarine channels and fjords, submarine glacial cirques 
and the submarine part of the Strandflat. The submarine cirques in parti
cular, claim a connection with a glacial age, as the lowest ones now 
visible, as stated above ,  require a glacial l imit 8oo to 900 ruetres lower 
than now (referring to the heights of  the peaks) . 

If epeirogenetic or tectonic upheavals of coast and thresholds were the 
cause of glacial development in Scand inavia ,  then it must seern difficult 
to explain the coincidence of these events with the common eauses of 
glaciation . Now, it is  possible to assume that the h igher position of the 
land masses was normal for Tertiary and Quaternary Ages, and that 
therefore the lacking amount of upheaval , necessary to close the inlet of 
the Gulf Stream, could be substituted by an eustatic change of leve!. We 
need, however, the elimination of the Gul f Stream b e f o r e the continental 
ice sheet had come into existence. Only in the event of the other great 
ice sheets of the world having developed earlier can we count with a 
sufficiant rate of vertical movement. As we know hut li ttle about the 
order in which the ice sheets were built up, we can only speak of a 
possibility. 

In this paper it has been established that the glaciations of the last 
glacial age were initiated by a mountain glaciation of westerly orientation 
which was so heavy that the glaciation limit was lowered some hundred 
ruetres below the present sea leve] and the shelf probably was invaded by an 
Atlantic ice sheet before the continental ice sheet was formed.  This result 
seems to open a new way to explain the elimination of the Gulf Stream 
in the Scandic. 

When the ice sheet of the Seandes had extended so far to the west 
upon the shelf that it caJved in the open sea, the Gulf  Stream passing 
immediately a long the  shelf edge must have been charged with icebergs. 
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Fig. 36. Depths of the Scandic, from \VUNDT 1 944. 

Then must have occurred here what now occurs in the Arctic : the Gul f 
Stream is cooled and forced to sink. According to O.  PETTERSSON and 
SANDSTRÖM this cooling is the propelling force of the Gulf Stream (latest 
treated by SANDSTRÖM in 1 944) . On the northwestern slope of the Scot
tish Highlands there must also have existed an ice, and as the Gulf Stream 
here passes immediately in front of the coast ,  it probably received icebergs 
here too, which finally may have been sufficient to check its further way 
into the Scandie, or essentially weaken its force. For the western branch 
of  the Gulf Stream the production of icebergs on leel and must have been 
of  importance. 

With this hypothesis there is also a possibi l i ty to explain the almost 
sudden sh i ft of  the prevailing winds at a certain stage of development. 

The growing ice fields around the coast of the Seandie may have 
increased the thermic contrasts and deepened the trough of low pressure 
and so intensified the action of cyclones moving up the Seandie towards 
the Arctic. This storm track was probably also more frequented. Snow 
precipitation increased . An increased supply of icebergs from the normal 
sources brought about no  change in these conditions ,  as they pass along 
the Greenland coast. They have only made the trough narrower. 

When the Norwegian and the Scottish coasts , however, begin to produce 
icebergs along their broad fron ts ,  then the very artery of the Gulf Stream 
is attacked , and as the Gulf Stream has no possibi l i ty to escape these 
dangerous coasts ,  it will soon cease. 

The shortening of the distance between the cold and warm poles of 
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Fig. 37- Sea-currents of the Seandie accord
ing to M E I NARDUS, from WUNDT 1 944· 
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the Gulf Stream must have increased its energy, and this was in favour 
of the southern storm t racks. 

g. The Contio ental Ice S heet. When the predominance of easterly 
winds was established as a consequence of the subduing of the Seandie 
part of  the Gulf Stream, the possibilities existed for the great ice sheet 
of the Baltic and its environs. It developed Successively from the mountain 
ice sheet that generated Piedmont glaciers .  During this epoch the glaciation 
of the northern coast of Seandinavia diminished as a consequence of reduced 
precipitation , and there a local glaciat ion developed of supreme importan ce 
for the present morphology. 

'vVe may expect a greater activity and erosion effect in the S .  eaused 
by the speedy renewal of the ice dome in its southern half which was due 
to the greater nourishment there. A fact suggesting a greater erosion in 
southern than in northern Sweden during the continental glaciation is the 
unequal distribution of  the interglacial (or interstadial) deposits .  Almost 
all known occurrences are found in  the northern part of the country in 
spite of the circumstance that cutti ngs in  the mantie rock are more common 
in the southern part. 

A continued "hällanalys" will elucidate this question . 
h. The Glacial An ticyclone of the North European ice sheet must 

have been of same importance for the elimate of the surroundings .  On the 
continent i t  may be impossible to distinguish between this anticyclone and 
the Polar one. But on the north ern side of the great ice sheet, in the 
northernmost part of Norway, which , according to my interpretations above, 
was not reacl1 ed by the last ice sheet, there is observed a loess cover 
6-·48705 Bull. of  Geol. Vo!. XXXIII 
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(NORDHAGEN 1 94 1 ) , and that must be connected with the periglacial el imate 
of the last glaciation and its glacial anticyclone.  

The loess is - if contirmed � an evidence of the dry and insolation
favouring sinking air masses from the high pressure area of the i ce sheet. 
As the insolation bad small effect upon the reflecting ice surface itself hut 
an immense effect upon the immediately surmunding ground (i f  supramarine) , 
ablation must have been Concentrated to the ice front. The surface gradient 
found at the wastage period in  the mountains - which corresponded to the 
surface ablation eaused mainly by convection - was probably much surpassed 
at the time of the glacial anticyclone. 

As, however, the glacial anticyclone could not build up the ice body, 
i t  would hardly have been able to take over the tasks of the building forces 
in the continued Iife of the ice. Furthermore, its independence was limited 
by the . great Arctic anticyclone.  

i.  T h e  Stages of Wastage have so many students that I may be brief. 
I will lay stress upon the conditions so dist inct from those prevalent at the 
time of ad vance. Now there existed a great ice centre with a clear tendency 
to h igh pressure and reflecting nearly all rad iating energy. The snow I ine 
was much depressed , and in  the mountains probably inclined to the east 
since the time of chan ging of the prevai l ing winds .  As the importance of 
the glacial anticyclone was reduced, the ablation by convection increased 
in importanc<;! and the inclination of the i ce surface diminished. In spite of 
the low snow Iine, therefore, parts of the ice sheet could be dead. But the 
importance of dead ices has perhaps been exaggerated .  An evidence of the 
Iife of the ice at a relatively late stage seems to me to be the migration 
of the ice divide almost right up to the water divide at the Arctic Circle . 
That migration can hardly have been due only to an asymmetric ablation .  
The ice had a nutritive area,  and the migration of the ice divide to the 
west may have been a consequence of the beginning influence of westerly 
winds. 

There is an important and interesting question concern i ng  the last ice 
divide inside the Arctic Circle .  On  his map pl .  1 ,  ENQUIST ( 1 9 1 8) gathered 
a rich material of glacial striae, h is own and the observations of others, from 
the mountains. The map gives the impression of a heavy mountain glaciation . 
In contraposit ion to an older view, which considered th is sculpture to be 
brought about du ring a late local glaciation , ENQUIST ( 1 9 1 8  pp.  1 1 0 ff) 
assumes it to  have been carried out  by the last dead masses left i n  the  
mountains at  the time of the  great i ce-dammed lakes (p .  I 2 2) , and denies 
the existence of a late glacial mountain glaciation (p.  78) . Both interpretations 
are based on the common conception that the minute glacial sculpture, such 
as stoss sides and striae,  dates only from the later epochs of the last glaciation . 

In view of recent experiences from the mountains the present writer would 
like to sa y: If the actual glacial m inute forms (including "einen ungeheueren , 
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von W esten abgeschliffenen Rundfelsen " ,  ENQUIST p p. I I 8, I I 9) we re 
brought about by the last ice masses of the mountains, these were probably 
nourished. If, on the other hand, the ice masses were dead, and the ice 
divide located to the east of  the ice-dammed lakes, the mountains would 
have formed nunataks as recently described by MANNERFELT, and not 
centres of outflow. 

Keeping to the old material ,  we can eliminate the contradiction if  we 
assume that the influence of the westerly winds had forced the ice ridge to 
migrate right up among the highest mountains, leaving a great ice mass upon 
the foreland uncontrolled. Indeed, for the last weak scratches from the north 
on the lower foreland on the Skellefte River (fig. I I B), I could give no  
other explanation than a growing influence from a foreland i c e  mass, the 
more the pressure from the westward-migrating ice divide diminished (§ III B 
I c) . I can add that on a rock specimen of quarzite, handed me by Dr 
GösTA LUNDQVIsT from the mountain Kebnats situated at a distance of 2 5  km 
to the NW. of the ice dam of the ice-dammed lake Lule (J .  FRÖDIN I 9 1 4), 
I observed not only 1 .  the traces (crescentic gouges) of an old mountain 
glaciation (from NNW. or NW.) and 2. the (younger) polish of the continental 
ice sheet (from S .  3 5 ° E. ) , but also the striae from westerly directions younger 
than the last narned ones, namely 3 ·  a few undistinct striae from N.  5 5 ° W. 
(not sure) and 4· a slight polish from S .  5 5 ° W.  (i .  e .  from Sarektjåkko) . Three 
of  these observations, 2 . ,  3 . ,  and 4., were afterwards contirmed by Dr LUND
QVIsT in his field diary from the same region . '  Furthermore, in Torne Träsk, 
on the small Islands in  front of  Abisko (visited in  1 938) , part of the striae 
from SW. seemed to me to be younger than the striae from the foreland, 
cf. LUNDQVIST ( 1 943 tig.  I ) and ENQUIST ( I 9 I 8  p .  I 2 2) . 

Thus it will seem that ENQUIST ' s  view needs but little correction . Part 
of the sculpture of his map may date from a late part of the in land ice 
which had its ice divide in the mountains and finally wasted down without 
being succeeded by local glaciation . The damming of the lakes was effec
tuated by the ice remnants left upon the foreland. I will here remind of 
G .  FRÖDIN's studies in N. Jemtland. FRöDIN considers the ice divide on the 
foreland to have existed partly contemporaneously with the young ice divide 
in  the mountains ( 1 9 1 4  a ,  1 92 5  p. 209) . In Lapland,  outside the Arctic 
Circle, no corresponding conditions are known. Inside the Arctic Circle, as 
m part of Jemtland and Dalarne ,  too, there must thus, from this point of view, 
m a late stage have existed two ice divides, one of which with the aid of 

' In a recent publication . ( 1 947, distributed in  1 948) LUNDQVIST refers to this decision. 

- A young movement corresponding to 3 was also found by HAMBERG sti l l  more to the 
NW. (Stora Sjöfallet, see A . HAMBERG 1 909, p .  4 1 6, and 1 9 10,  pi .  z ;  cf. GAVELIN 1 909 
a, 1 909 b, p .  10 footnote and p. 8 5). GAVELIN had formerly found that a late ice nucleus 

at Sulitelma was younger than that of the Sarek group (GAVELIN 1 906). But he does 
not mention corresponding striae. 
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a great precipitation rapidly adj usted i tself to new el irnatic conditions,  and 
another due to conditions Iong past. 

k.  A N o rth-South Balance. An ice divide must, as far as it is dependent 
on a mountain range, be marked by a ridge fairly parallel to that range. 
The position of the ice di vide in Scandinavia, as in Patagon ia, is an 
expression of the east-west balance of the ice cap. We have, however, seen 
also a migration of the culmination of the ice di vide back and forth between 
the N. and the S . ,  which requires an explanation .  

In the  migration of the  culmination I have mainly seen the  influence of 
temperature. As the atmosphere 's  capacity of water transport increases with 
increasing temperature, precipitation is generally greater at low lat itudes 
(other conditions being alike) . As, however, the precipitation must fal l  in a 
solid form to be able to feed a glacier, the most favorable conditions wil l  
be found in  a zone where the air temperature at the t ime of the most 
important snow falls of the year is slightly below 0° C at the leve! where 
condensation occurs .  Consequently, the heaviest glaciation should be expected 
not in the central parts of the polar calotte bu t nearer i ts margin ; Green land 
seems to be an example. N. Greenland has a small precipitation and only 
a moderate glaciation . 

The last glaciation was characterized by a pronounced southerly deve
lopment of glaciation already in mountain stages, as far as can be deduced 
from the studies on the Arctic Circle. The position of the culmination at 
the maximum extension of the ice sheet was a very southerly one, hut from 
here the culmination migrated towards the N. at !east 5 degrees of latitude, 
ending within the Arctic Circle. That earresponds to a very plausible change 
of temperature during that glacial cycle. 

l.  The Prime Glaciation campared with the Posterior One. During 
the prime glaciation the culmination remained with in the Arctic Circle in  
the  Atlantic i ce  sheet stages as  weil as  the  contioental ones. That probably 
indicates that the lowering of the temperature during that glaciation did not 
reach the same rate as during the posterior one. Such a circumstance must, 
however, also have bad an indirect effect. A smaller glaciation around  the 
southern and south-western parts of the Seandie was not able to annih ilate 
the Gulf Stream at so southerly a point of i ts path as could the heavy 
glaciation of the Atlantic stage of the posterior glaciation ,  when perhaps 
even the Scottish glaciation ma y have been sufficient · to bring about an 
essential weakening and sometimes subduing, eausing it to sink owing to 
the cool ing effect of icebergs. The northern storm track then retained some 
importance i n  relation to the southern one, the consolidatian of the Arctic 
calotte was only half, and therefore the contioental phase of that cycle was 
less pronounced . 

A great precipitation on the northern coast of Seandinavia was secured, 
as the effect of thermic con trast remained and the temperature was not 
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very low as campared with the continental stage of the posterior foreland 
glaciation . It is possible that the top leve! of the Atlantic ice sheet was 
not much reduced when the eastern foreland was invaded . In such a case 
the direction of flow paraHel to the eastern border observed on the Arctic 
Circle is well compatible with a very h igh leve! of the top surface of the 
continental part of the ice sheet, too, and therefore the Baltic stream may 
have been of great power (cf. LJUNGNER 1 946 pp.  8 5 ,  86) . 

m. "The Great Iee Age". If the prime glaciation was characterized by 
a but moderate lowering of temperature and consequently a but l ittle 
pronounced continental stage as compared with the posterior glaciation as 
"normal" ,  we fin d ,  on the other hand, in the glaciation of the last bu t on e 
glacial age - the Saale-Riss glaciation , in Sweden called the "great" one 
- an example of an exceptional continental development. At  the time of 
the maximum extension of the corresponding continental ice sheet the 
temperature along the north Scandinavian coasts must have then been 
exceedingly low and the precipitation consequently small . 

From this point of  v iew it is clear that what in northern Norway is 
called "the great ice age" cannot have been synchronous with the maximum 
extension of the great ice sheet upon the continent. Even that continental 
ice sheet must have been preeecled or initiated by an Atlantic ice sheet of 
the same glaciation . But that Atlantic ice sheet must in later stages have 
been of the type of the  Atlantic ice sheet of the posterior glaciation , i .  e .  
with a very southerly centre of gravity. All  these Atlantic i ce sheets - that 
of  the Saal e-Riss glacial age and those of the last glacial age - must have 
had an influence upon the geology and geomorphology of northern Norway_ 
As the first one, however, is very remote and in th ickness and extension 
was probably surpassed by the prime Atlantic ice sheet of the last glacial 
age, and also the posterior one reached a considerable development, i t  seems 
I ikely that the now recogn izable traces of an ice sheet (mor.e recent than 
those of the last continental ice sheet) in those tracts belong to the Atlanti c 
ice sheets of the last glacial age. - On the other hand, a good deal of 
the work of local glaciation may have been carried out in  Northern Norway 
during the time of the great continental ice sheet of the "great ice age" 
(cf. AHLMANN 1 9 1 9 , p. 2 26) . 

IV. Patagonia and Scandinavia. Concluding Remarks. 

The Seandes as vell as the southern Andes were in Quaternary time 
repeatedly the site of  considerable ice caps with an ice div ide on the western 
slope. During these glaciations there were formed lakes on the eastern margin 
and fj ords on the western one .  

It is possible that a great mountain glaciation has existed several times 
in Seandinavia without further development .  Sametimes it happened; how-
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ever - m the last glacial age twice - that the ice cap invaded the eastern 
foreland,  and that a great ice nucleus grew up, the centre of an ice sheet 
of great extension. As the ice caps with a westerly centre of gravity in 
the Scandes, as in the Andes, must be in  relation to the maritime elimate 
now reigning on the western slope as a consequence of the prevailing 
westerlies, I have interpreted the great ice caps on the Scandinavian foreland 
as a consequence of prevailing easterly winds. Now why did the latter 
development not take place in Patagonia ? 

The prevailing easterly winds in Seandinavia were assumed to be the 
consequence mainly of a consolidatian of the Arctic calotte, which normally 
is split up by the Gulf Stream, and its enlargement on adjacent continents. 
The c ircumpolar South Sea forbids such an enlargement of the Antarctic 
ice sheet. Furthermore, Patagonia l ies at lower latitudes than Scandinavia .  

Following the Andes from Patagonia almost to their northern end in 
northern North America, we wi l l ,  however, again see a d istrict dominated 
by the westerlies . That d istrict reaches partly to the latitudes of Scandinavia, 
and is like Seandinavia connected with a great contioental area to the east. 
At latitude 5 7°-60° N. we find in  the Coast Range and the St. Elias Range 
a considerable mountain glaciation of a westerly orientation ( CAPPS I 93  I ,  
KERR I 93 3 ,  I 934) . Although it partly earresponds to the glaciations of the 
Seandes in  the last ice age, i t  is modestly designated by KERR "alpine 
glaciation" .  KERR could trace old stages of heavier glaciations du ring the 
Quaternary A ge, w h ich h e ( I 936) designated " intense alpine s tages" and 
h e s upposed also "mountain ice sheet stages" .  I have already referred to 
these studies by KERR, as I found it  convenient to use the terms coined 
by him. In those stages a drift from the Coast Range was spread to the 
east. At other t imes the same range was overridden from the east by the 
great inland ice of the Cordilleras. Such stages were called "continental ice 
sheet stages" .  

The east-west balance here developed seems t o  earrespond weil t o  that 
of  the Scandes. 
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Explanation of Plates. 

Plate I. 
Orographic map on a Scandine zone along the Arctic Circle (A. C.) . Scale I :  I ,ooo,ooo . 

The dash Iine from WNW. to ESE. is the Iine of reference of the profile fig. 4· Symbols : 
I .  Areas exceeding I jOO m above sea-level. 
2 .  & I OOO » 
3 ·  Mountains of less height. 

4· Glacier. 
j. Church (A = Arj epluog, M =  Mo) . 

Obj ects near to the Iine of reference and their heights in metres above sea-level : 

I .  The Svartisen plateau, western part, with Snetind I jgg m. 
2.  eastern Istind I j 77 m. 

2. Skj elåtind r 64o m 
3· 0rtefj ell 1 44 2  m 
4· Bolna I j06 m 
j .  Nasafj ell 1 2 1 8  m 
6. Kargasatåive r 2 r g  m 
7 ·  Ferras I 6og m 
8 .  Svaipa 1 4 2 6  m 
g. Tj äksa r o8j m 

r r .  Pelj ekaisse I I 33 m 
1 2 .  Nebsuort g 1 4  (g 1 2) m 
1 3 .  Galtispuoda 8oo m 
1 4 .  Lake Rornavan 42j n1 
1 j .  » Storlaisan 424 m 
I 6 .  Uddj aur 4 1 g  m 
1 7 .  Rana fj ord . 

I O .  Kaissetjåkko I o64 m in Krappesvare. 
1 8 .  Holand' s  fj ord . 
1 g .  Glom fj ord . 

Obj ects at some distancc from the line of reference : 

a. Lukttiderne 1 344 m n. Tj idtj ak lj7g m 
b. Oxtindere 1 g 1 2  m o. Kustarakaisse 1 6g4 m 
c. 0rfj ell I 764 m p. Staika 1 7gg m 
d. Solvågtind I j 6 I  m q. Tarrekaisse I 8 j o  m 
e. Satertind in Sj urfj ell r 624 m r. Kaissatj g 1 g  m 
f. Båtfj ell I j 1 4  m s. Kåbrek in Tjamort, about r o6o m 
g. Straitestjåkko r 6 1 o m t. Prinskullen 742 m 
h. Tausa 1 7 1 0  m u. Snj ärak 877 m 
i. Argaladeitj åkko 1 62 6  m v. Kassavara ggo m 
j .  N. Saulo I 7 7j m w. Kaissetjåkko r o63 m 
k. N. Storfjellet 1 764 m x. Lake Kuj j aur (Godej aur) 686 m 
l. Ammarfj ell I 6og m y. » Tarraure j04 m 

m. Dermatj åkko about l j 40 m z. Saggat 303 m 

Plate II. 
Map of Peljekaisse (pi . I: r r ) based on the author' s  investigations in 1g42-4j and 

airphotos from 1 g3g, drawn by Nils Marklund by the aid of a stereometer. Scale I : 2j ooo . 

I .  Directions of glacial striae. The age of the northern ones are here undecided (may be 
cd or c') . 

2 .  Forest limit. Therc are two bleak areas : the upper one, which is climatic, and a low 
one eaused be fens. 

3 .  Subglacially engorged esker. 
4· and j. Subglacial chute . 
6. Lateral terrace, sometimes accompanied by a lateral drainage channel. 
7 ·  Doleritic sill in the Seve schists. 
8. Strike and dip observations in the "Yraf komplex" (see KAUTSKY) , which earresponds 

the Seve schists forming the Seve thrust nappe. 
g. The same in the " Kaskaj aure komplex" (see KAUTSKY) , a lower thrust unity. 

Corrigendum. 

On fig. r o  (p . 30) in the seeond left hand quadrangle the numbering is 

given b ,  should be b ' .  
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