
NORSK GEOLOGISK TIDSSKRIFT 29. 159 

NOTES ON THE ICE-SHED 

AND ICE-TRANSPORT IN EASTERN NORWAY 
BY 

PER HOLMSEN 

A b s t ra c t: This pa per �is a short int110duotion to the essen Hal problems 

connected with the ice-transported mater,i,al near the former ke�shed. Observ
ations on scatter:ed erratics and the results of some block-calcul:ations (not the 

oalculations themselv,es) are communicat:ed. This theme ha,s not, howev er, 

been the ma,in object of the fieid investigations. The author emphasizes the 

importance of classifying the observ:ations made as to the kind of superficial 
deposits, viz .: Ground mora:ine, glacifluvial deposits, and ablation moraine . 

In thi:s way it seems possib�e to point out not only the position of the ice-shed 
during the !atest stage of active gl:adation, but even traoes of an earlier peri:od , 
the ice-shed hav,ing at that time had a position farther to the S than the lasrt one. 

Geological field-work during many year,s in tthe sparagmite area 
of eastern Norway has given me the opportunity of studying the 
erratics, and the following question ar ose: from where do the y come? 

As early as in 1854, Hørbye touched on the same question. O. E. 
Schiøtz' publications ( 1892 and 1895 a, b) deals with ice-transported 
boulders . Later on ( 1914) the same author mentioned the apparently 
opposite transport-d irections of erratics in the district of the Femun
den lake. It seemed to him that the erratics west of a line Sorkvola
Tufsingdalen were transported to the south, the erratics east of that 
line being transported to the north. He atte:mpted �o explain these 
contradictions by ass:uming the existence of two isolated ice-sheds, 
80 km apart. The movement of the erratics was explained as the 
resulting movement of the ice from these two ice-sheds. His theory 
is illustrated by fig. l. 

It is not necessary to resort to such a complicated hypothesis in 
order to explain the transport of the erratics. As emphasized in several 
publications by A. M. Hansen (a. o. 1895), the ice-shed moved from 
the water-shed to a SE position during the glaciation period, the 
rest of the ice finally being situated somewhere far SE of the water-
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shed, causing the formation of ice-dammed !akes. ( See fig. 3.) 
Apparently, the movement of the ice-shed itself caused differences 
in the transport at different stages -of the glaciation. 

My studies on this subject are at a preliminary stage. However, 
I have made some observations on transported boulders which, I think, 
throw some light upon this problem. 

In the matter of boulder-,transport it soon appeared necessary to 
distinguish sharply between the following three different kinds of 
moraine depoosits: l. The ground moraine. 2. The glacifluvial de
posits. 3. The ablation moraine. Occasionally, this may prove dif
·ficult, but H may in some cases be accomplished by calculating the 
quantitative boulder composition. The fact is that each kind has i ts 
own characteristics, and a short description should therefore be 
warranted. 

l. The ground moraine. 

The material is compacted and unstratified, boulders are angular 
or subangular. A considerable part of these originate from i'he 
neighbouring solid rocks, the boulders being mostly sharp-edged. 
I consider them as having been broken loose and carried away by the 
ice during the Iatest glaciation stage. The area in question Iies near 
the former ice-shed. Consequently, they must have been transported 
only for a short distance, in the direction of the last ice-movement. 
This part of the boulder material I consider the most important one. 

The ground moraine extends nearly all over the area. 

2. The glacifluvial deposits. 

These deposits are well stratified and sorted according to grain 
size. Layers of coarse-grained material sometimes ·inten.:alates with 
Iayers of fine-grained material. The coarse-grained material is always 
polygenous, and boulders and pebbles are well rounded, only a small 
percentage of them originating from the neighbouring rock floor. The 
greater part of the coarser material is doubtful as to origin, but some 
of it may be identified exactly. This small part of· the material offers, 
however, very interesting features. 

The composition of the boulder material indicates a long and 
complicated history of transport. 

The glacifluvial deposits, usually .of great thickness, occur at the 
bottom and on the slopes of the valleys of Eastern Norway. The 
ground moraine is extensively covered by them. 
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3. The ablation moraine. 
This term comprises the unassorted material of supra- or en

glacial origin resting upon the stratified deposits mentioned, or 
directly upon the ground moraine. Except where it is seen to cover 
the stratified deposits, the ablation moraine is not easily recognized, 
the boulder material showing few characteristic features as to petro
graphy. The form of the boulders are mostly "ice-moulded". Same
times lar,ge blocks are found, coming from afar, the sources of which 
may in same cases be traced. These are the true erratics, described 
by Hørbye, Schiøtz, and Tornebohm. 

The ablation moraine, forming the surface- Iayer of the quaternary 
deposits in central and eastern Norway, represents the material lying 
on the surface of and within the dea:d ice-masses during the melting
down period .. Its situation in same cases on weU-stratified sand, 
grave!, and silt, indicates a 'subglacial origin of parts of the glaci
fluvial deposits. 

The ablation moraine covers the wide, peneplanic areas between 
the va:Ileys that are a characteristic topographical feature of the 
greater part of Norway. In the valleys, however, the ablation moraine 
is aften absent. He re the.material may have been washed away by 
melt-water rivers and deposited in a stratified manner, later indi
stinguishable from the subglacial deposits. 

By interpreting the boulder materia:i as to ongtn, a thorough 
knowledge of the rock ground of the total area is essential. In eastern 
Norway I have succeeded in identifying a few boulder-types in re
spect of the places from whioh they have been transported, all possible 
mistakes being taken in to account. Same details are mentioned below. 

By studying the sharp-edged boulders in the ground moraine it 
might be possible to determine the posiNon of the ice-shed during 
the last stage of active glaciation. It is necessary to search out 
characteristic rock types having small field extension. 

Within a small area in the Øversjøda len valley there are same 
tillite ou tcrops as well as a small occurrence of precambrian granite 
(N. G. U. nr. 158, and 175). Blocks of these rock types have been 
transported to the NW only, and are to be found in the ground 
moraine and ablation moraine in this direction. According to this 
ubservation �the ice-shed (the movement shed) was situated to the S 
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or SE, but a doser determination of the exact position cannot be 
carried out becaus.e of the absence o f  rock outcrops. 

By Ottnes in the Rendalen vaUey a ·Coarse-grained anorthosite 
pegmatite occurs, and a similar rock is found some km to the S in 
the same v alley. From these two small and very characteristic occur
rences the sharp-edged blocks of the ground moraine have been 
transported to the south only. The same direction of transport is 
found by a dolerit:e mass S of t he Ottåen river, just W of O ttnes: 
in a ravine N of the strea:m, and merely a few hundred meters from 
the dolerite mass, not a single dolerite boulder is found. T o  the south, 
however, a number of boulders of this rock type is scattered south
ward to Åkre, a:nd even farther a number of single boulders are found 
on the Storsjøen lake-shore. From these observaHons I condude that 
t he ice-shed was situated N of Ottnes. 

Tillite occurs near Finstad in the Brydalen valley (the N part 
of Rendalen), but as y et no observa:tions have be en made as to the 
block transport. W of this place, however, is a precambrian granite 
and dolerite "window", and from a loe al oukrop of coarse-grained 
Åsby-dolef'ite a number of angular blocks are distributed over the 
NW are. jus1t S of this place the precambrian rocks are overlain 
by the eocambrian tillite, and boulders from this locality are tran
sported to the NW. Neverthe1ess, a few granite and doierHe blocks 
are also found SE of the tillite border line. Boulders of these types 
are even wide-spread S to Rendalen, and are known as a s!.ight ad

mixture to 1he glacial and glaciUuvial deposits here. These observ

ations seem contradictory, but may be explained by the fact that 

during the glaciation period, the ice-shed itself moved from the water

shed to a SE position. During the first stage the transport took a 

SE direction, while later on the movement reversed. We do not know 

whether the movement of the ice-shed was steady or oscillating, but 

from the observations in the area W of Finstad I presume that the 

ice-·shed in its last stage was situated SE of Neka, a side-river joining 

the Rendalen water system. 

FuPther investigations into this matter are to be carried out. 
Ba:sed upon our knowledge so far, however, we may roughly localize 

the southemmost posit,jon of the ke-shed. In Rendalen it is held to 

have been somewhere between Ottnes and Finstad, probably not far 

from Ottnes. 
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Jf the boulder contents o f  all kinds of quaternary deposits were 
to indkate the same transport, we might have to acoept Schiøtz's 
theory. The glaci fluvial deposits, however, exhibit quite another 
picture, though. These deposits o f fer the best opportunity for cal
culating the contents o f  various kinds of boulders, because there is a 
great number of  road cuts in them. As previously mentioned, the 
coarser material is always polygenous, and the origin of the major 
part o f  it is unknown. The di f ficulties ar.e caused by the minor iden
tifiable part. 

About 5 km N of Ottnes, O. Vogt and Fr. Husebye observed a 
single block o f  anorthosite pegmatite, originating no doubt from 
Ottnes. It was found in a gravel-pit near the highway at Hornse t. 
This is at variance with the ice-shed being situated N o f  Ottnes. 

Last summer I made a few similar observations near Åmot. 
Along the road E of the Glåma riv,er, about 4 km N of its confluence 
•with the Rena river, there are a number of gravel-pits, the block
contents ,o f which are highly interesting. Omitting the block-cal
culation details, the boulder and pebble material is composed as 
follows: 

Precambrian rocks (from the SE) . . . . . . . . . . . . . . . . . . . . . . . . . . . 10--20 % 
Various sparagmites, mainly from the N are ............... 75-80 » 

Rare types, and rocks of  unknown origin . . . .. . . . . . .. . . . . . . 5-10 » 

The contents of precambrian rocks is the important factor. 
My geological experience from the "sparagmite area" of Eastern 

Norway enables me to exclude as possible origins the following pre
cambrian are as: The "Spekedalen (Finstad) window", the "Atnesjø 
window", and the narrow autochthonous area along the E shore o f  
the Storsjøen lake and its continuation southwards in  RendaJ,en. The 
boul<der types are similar neither to the rocks of the "Spekedalen 
window" nor to those of the "Atnesjø window'', and, as for the Ren
dalen area, it is far too narrow and too deep down in the valley to 
have yidded as much as 20 % of the i boulders in question. The only 
possibility is that they come from the large precambdan area in the 
SE sector, where similar rook types are abundant. 

This observation, in view of those from Ottnes, dis,courages 
the assumption of a local ice-shed in the Glåmdalen valley that far 
south of the corresponding ke-shed in Rendalen. The most plausible 
explanation seems to me that part of the block material (possibly a 
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major part) dates from an earlier glaciation period, the ice-shed 
having at the time lbeen situ ated farther to the S �or SE than was 
the case during the latest glaciation period. 

The ice-shed situation farther SE during an earlier glaciation 
period than within the latest one, may even throw some light upon the 
granite and serpentine erratics scattered over the Rendalssølen 
mountain and its surroundings. The problem of their origin being 
but slightly touched upon by Ti:irnebohm (1872) and Schiøtz (1892), 
only a few Norwegian geologists are aware of the importance of this 
question rel<ating to the position of the ice-shed. The serpentine. 
especially, is easily spotted owing to its yellowish-brown weathering 
surface, but granite boulders are just as abundant upon doser in
vesigation. Their origin, for reasons stated below, is unknown. Had 
they originated from any of the well-known ocourrences in the NW 
are, we should expe ct to find errati cs of asso c,iated ro cks. Thus, 
if the serpentine boulders came from Tronfjell, we should expect 
erratics of the characteristi c resistant gabbro types, which on Tron
fjell are far more common than is the serpentine. If coming from the 
Røragen area, they would be associated with serpentine conglomerate, 
while, if they originated from any other part of the Trondheim distri ct, 
we should necessarily find blocks of amphibolite and hornblende
schist among them. The complete absence of these common rock 
types exclude these areas as possible sources for the Rendalssølen 
erratics. For the same reason a western origin for the granite boulders 
is excluded. " Ti:irnebohm's" suggestion ( 1872) of a NE origin does 
not fit it well, because this direction of transport is unknown so far. 
The so le poss,ibility left, then, is an origin in the SE are. Now, the 
erratics on Rend alssølen oocur up to about 1600 m a. s. I. In the SE 
are there is scaKeiy any occurenoe of similar rock types a!bove 
1000 m. An upward transport of 600-700 m implies a rising gradient 
of the ice surface in a SE direction. This does not correspond at all 
with the i ce-shed just N of Ottnes suggested by the ground moraine 
boulders here. Consequently, I suppose the erratics on Rendalssølen 
date from an earlier glaciation period during which the ice-shed had 
a positi-on far to the SE. 

Fig. 2 illustrat,es same block-transports according to my field 
experience. Full arrows indicate a transport suggested during the 
last glaciation period. Broken arrows indicate the resultant ice
transport of an earlier glaciation period and the last one. 
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Whether this earlier period corresponds to an eariier ice-age or 
merely to an earlier stage during the last ice-age, r,emains an open 
question. In the latter ,case we should h ave the foll owing suocession: 
firstly, the ice-shed moving from the w ater-shed position to some
where SE of Åmot, secondly retiring to a position N of Ottnes. This 
implies certain dima�ological conditions: if the ice-shed retired from 
a SE position towards the wat,er-shed, the gladetion had to be active 

all the time, i. e., the snow-line had to be lying below the ice surface. 
:J. E. Schiøtz has demonstrated ( 189 5 b) that the ice-shed wou:d 
retire to the water-shed under such conditions. 

H is almost certain that such conditions did not occur, even 
during the early stage of the melting-down period. There is in Scan
dinavia strong evidence of a rapid change in temper ature and a quick 
metting-down of the ice. During the "Allerød-time", for instance, we 
may expect the snow-line 'to rise to a leve! above the top of the ice. 
The ice-front retreated almost continuously from Denmark to a line 

southern Finland-middle Sweden-southern Norway, the so-called 
"Ra" -stage, from this stage (the re are several steps) traces of aJCtive 
gla ciation are found. 

The "Aker-step" (from Aker near Oslo, the youngest one ) in 
particular undoubtedly represents an advance of the ice. Mostly, the 
Ra:-moraines, however, seem to indicate- stops in the retreat rather 
than forward pushes of the ice-front. Unfortunately, no correlation 
between the Ra-stage and the po sition of the ice-shed has been 
attempted so far. 

In view of the general conditions and the striking difference 
between the boulder composition of the ground moraine and that of 
the stratified deposits, I assume an interglacial age of part of the 
boulder material, perhaps a greater part of the enormous quantities 
of glacifluvial deposits found in the valleys of Eastern Norway. In 
this connection I w ant to call attention to the fad that, in 1930, that 
tusk of Elephas Primigenius w as found in glacifluvial deposits near 
Jessheim, 35  km NE of Oslo. 

The few observations pertaining to the ice-movement near the 
ice-shed offered in this p aper are those that, in my opinion, occupy 
the central position in the problem. As ,the future studies will imply 
a great number of block-calculations and the surveying of an area 
t oo extensive to be covered by a single person, I hope to m ake other 
geologists interested in the question presented. 
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