* ARBEID 4






WEICHSEL IN CENTRAL SOUTH NORWAY. A general view of the
deposits from the Gudbrandsdalen Interstadial and from
the following glaciation.

OLE FREDRIK BERGERSEN AND KARI GARNES

Bergersen, O.F. & Garnes, K.: Weichsel in central South
Norway. A general view of the deposits from the Gudbrands-

dalen Interstadial and from the following ice age. Boreas

Present knowledge of sub-till sediments found in the

valleys in the Mid-Gudbrandsdal area and the stratigraphy

of the overlying basal tills is summarized. The existence
of widespread waterlain sediments which are thought to

have been deposited in a cold ice-free period of Middle/
Early Weichselian age, the Gudbrandsdalen Interstadial,
gives evidence of surprisingly modest ice erosion during

the last ice age, even in valleys close to the highest
mountains. Judging by the nearly total evacuation of

older deposits from the tributaries, the ice-free period
seems to have lasted for a long time, with very strong slope
processes. Huge quantities of proglacial sandur sediments
accunulated in the main valleys indicate that the last
inland ice sheet grew slowly. By comprehensive analyses the
authors have succeeded in correlating the overlving tills
with four regional glacial phases of the last ice age recon-
structed mainly through analvses of striae. It is found

that the conservation of the sediments, as well as the
distribution of different tills, was dependent on the rela-

tive location of the ice divide.

Ole Fredrik Bergersen, Geological Institute, Dept. B,
University of Bergen, N-5014 Bergen, Norway

Kari Garnes, University Librarv, University of Bergen,
N-5014 Bergen, Norway

15. May 1980.



In 1971 the authors introduced the term Gudbrandsdalen
Interstadial covering a nresumed ice-free period of
Middle Weichselian age (Bergersen & Garnes 1971). The
paper was based on a reinterpretation of the stratigraphic
position of two glacio-fluvial units containing mammoth
fragments, namelv Haugalia and Favang. Further evidence
of an interstadial period was provided by several new
discoveries where basal tills capped waterlaid sediments.
Some of these localities are described in recent papers,
e.g. Garnes & Bergersen (1977), Garnes (1978, 1979). The
assumption of an ice-free period during the last ice age,
in areas close to the highest mountains in Norway, gene-
rated a new understanding of the last ice age. Until then,
it was generally accepted that most of Norway has been
capped by the inland ice during the whole Weichselian
since the last interglacial time. From central parts of
Sweden and Finland, however,evidence alreadv existed of
ice~free period(s) during the Weichselian, i.e. Jamtland
Interstadial (Lundqvist 1967), Perdphojola Interstadial
(Korpela 1969), cf. also Hillefors (1968). Recentlv,
several localities with sub-till sediments of assumed
Middle/Early Weichselian age have been revnorted from
different parts of central South Norwav (Roaldset 1973,
Rosenqvist 1973, Vorren & Roaldset 1977, Helle et al.

in print.). In addition, many localities are also known
from the coastal areas, see Mangerud et al.(in print.).
New information about Weichselian interstadials in central

part of Sweden is discussed by Lundqvist (1978).
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At nresent, the Gudbrandsdalen area is the district
in Norway, except for Jaren, where by far the most sites
with pre-Late-Weichselian sediments are exposed (Fig. 1).
Furthermore, in this area 16 of a total 18 Morwegian mammoth
finds have been discovered (Fig. 2). As pointed out by
Garnes in Heintz, Garnes & Nvdal (1979), most of the frag-
ments have been found in or close to localities with sub-
till sediments. The most recent l4C datings of the remnants

have all given infinite age, more than 40,000 vears B.P.

(op.cit. Tab. 1).

Due to the limited space given for this article, there is

no room for detailed description of any locality. In this
paper the authors will therefore summarize present knowledge
of the sub-till sediments and the stratigraphv of the over-
lying tills in the Gudbrandsdalen area. The investigations,
a part of the Norwegian IGCP-project "Glaciations in the
Northern Hemisphere", have been assisted by the following
persons, then students under the supervision of the authors:
I. Alstadsater, J. Hole, H. Hollund, E. Lien, L. Olsen,

J. Skjerven, and M. Thoresen.

DISTRIBUTION OF SUB-TILL SEDIMENTS

It is often difficult to distinguish interstadial sediments
from younger denosits. Especiallv complicated conditions
occur where overlving tills are missing, or where the sedi-
ments have a blanket of unsorted material which might be
the result of slope processes. Thick, sorted, melt-out

layers of till or waterlain tills may also be misinterpreted
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as sub-till sediments. It cannot be excluded that till-
capped sediments in some cases could have a subglacial or
lateral origin, but such sediments normally show more
complexity in texture and structure. Even if we elimi-
nate the most uncertain localities, there are still many
sites where exposures give clear stratigraphic evidence

of interstadial sediments.

The geographical position of the known localities is remark-
able (Fig. 1). All exposures have been found in valleys,
none in the vast interfluve areas. Probablyv the most
important reason for this is the lack of larger exposures
outside the valleys. Most of the localities have been
found in natural section where slope processes and fluviél
erosion have exposed the sediments on steev valley slopes.
The localities have been found at different altitudes, the
highest ca. 1250 m a.s.l. in east Jotunheimen, the lowest

in the bottom of Gudbrandsdalen, ca. 200 m a.s.l.

SUB-TILL SEDIMENTS AND STRATIGRAPHY IN GUDBRANDSDALEN

Most of the sub-till sediments in Gudbrandsdalen proper
consist of coarse glacio-fluvial material, mainly sand,
gravel and pebbles. The most important localites are
Fdvang, Haugalia, Sjoa, Bekken, and Dalemoen. The latter
is situated in Ottadalen, but very close to the main
valley (Fig. 1). Judging from overdeepening and other
glacial erosion phenomena, Ottadalen, rather than the
upper part of Gudbrandsdalen itself, may be called a main

valley. The stratigraphy in three of these localites is
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shown schematically on Fig. 3.

The pebble fraction in the sediments is very well rounded
and far-transported, the roundness index being higher than
found in any other deposits in the area (Bergersen &
Garnes 1971, Lie 1974). From petrographic and structural
studies, there is convincing evidence that the sediments
are of glaciofiuvial origin, transported and deposited
along the main valley. The composition indicates that a
large bulk of the sediments originated in east Jotunheimen,
mainly frém the catchment area of the present rivers Otta
and Sjoa. It is striking that the content of so-called
Jotun-rocks, which cover large areas of Jotunheimen, in
nearly all sub-till sediments in Gudbrandsdalen is higher
than 20 %, often much higher. In sediments deposited from
other tributaries than Otta, Sjoa and Vinstra rivers, the

content of Jotun rocks is very low, normally less than

5

oo

In Gudbrandsdalen Bergersen (1964) used the content
of Jotun rocks, and the degree roundness of the pebble
fraction, to distinguish between autochthonous and alloch-
thonous sediments and tills. Along the valley bottom and
on the lower part of the vallev slopes an allochthonous
basal till exists which earlier was hard to explain in
respect to distribution as well as to genesis (Bergersen
1964, 58-61). More recent studies have indicated that
all allochthonous basal tills are chieflyv derived from
underlying coarse sub-till sediments (e.g. Bergersen &
Garnes 1971, Garnes & Bergersen 1977). Therefore, where
allochthonous till is widespread, sediments are often

hidden below. Based on this assumption, some new localites
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with sub-till sediments have been discovered. Fig. 4
shows the widespread occurrence of till with retranspor-
ted sediments in the Kvam - Sjoa area. In the same area
coarse sediments intermreted as deposited during an
interstadial period, have been found at Haugalia, Kvam,

and Sjoa.

Another interesting fact is that the allochthonous till
often shows a terrace-shaped surface. In some places,
e.g. the Kvam - Sjoa area, the terrace-shape turns into

a stoss-side moraine down the valley slope.

In the lower part of Gudbrandsdalen large deposits occur

at the mouth of the tributaries where the main valley
widens. These deposits have been much debated, but in

the last decades they have béen assumed to be subglacial
fans accumulated from the tributaries (Mangerud 1963,
Bergersen 1964). Judging from sections in the deposits

at the mouth of the rivers Fryva and Fosséa, we interpret
the stratigraphy as shown in Fig. 5. This means that we
présume that the bulk of the deposits at the mouth of other
tributaries also, may be built up from old sediments and/or
allochthonous till. On the top, deglaciation sediments
camouflaging the deposits below, give the whole deposit a
fan-like appearance. These fan-like deposits, often
continuing into terrace-shaped deposits with presﬁmably

the same stratigraphy, strech up to approximately the

same altitude. Plotting these heights in a longitudinal
profile along the valley, together with the heights of

the terrace-~shaped moraines and the upper limit of the old
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sediments, we find that the heights fit well together
(Fig. 6). The level which can be reconstructed, indicates
that the sub-till sediments which formerly had a widespread
distribution, are the main cause of the characteristic

moraine terraces down the valley.

The assumed interstadial sediments along Gudbrandsdalen
have all been interpreted as proglacial sediments deposited
from advancing valley glaciers (Bergersen & Garnes 1971,
Lie 1974, Garnes 1978) (Fig. 7). Even with sparce know-
ledge of the former extension of the sandurs which in

parts of Lower Gudbrandsdalen could have been lateral ter-
races, it is evident from the remnants that the deposits
have been huge compared with the cover today. Also the last
deglaciation sediments are tiny compared with the former
interstadial sandur sediments. Most probably the advancing
glaciers at the beginning of the last ice age eroded deep
U-formed valleys into the sediments. The sediments are
mostly preserved in the outer bends of the valley, cf. Fig.

4, and in leeside positions.

Although information is incomplete, the authors suggest that
the former sandurs filled the main vallev bottom to a regio-
nal level of 350 m a.s.l. in the Otta district, sinking

to ca. 250 m a.s.l. in the lower part of Gudbrandsdalen.
This level is most easilv explained bv a marine trans-
gression deep into the vallev, due to glacial downpressing
of the central part of the country. Higher sea levels than
the Late- and Post-Glacial marine limit are known from
different coastal areas of Norway, cf. Andersen et al.

(in print.). In a recent paper dealing with sub-till



Fig.7. Section at Haugalia showing coarse proglacial
sediments below basal tilL. In thdis section 6 o4 a
total of 18 Norwegian mammoth {f4inds have been made
in the sub-tiLL sediments or in the transition zone
to the ikl (broken Line). Most Localities with sub-
EALL sediments Ain the main valley have the same
strnatigraphy and types of sediments. The two units
were deposited from the right. The total height of
the sectdion is measured to 19 m.






clays, situated 90 m above the local marine limit of the
last deglaciation in the Numedal valley, Roaldset (1980)
concluded that the clays most probably were deposited in

marine environment during Middle Weichselian age.

STRATIGRAPHY IN THE TRIBUTARY VALLEYS

Due to the well developed till stratigraphy, the localities
with sub-till sediments in the tributarv valleys give
important information about the development of the last
ice age. 1In the three largest tributaries, the valleys of
Otta, Sjoa, and Vinstra, as well as in some of the smaller
ones, waterlaid sediments have been found below different
types of basal tills. By comprehensive analvses of tills,
we have succeeded in correlating diffefeht tills with
regional glacial phases reconstructed mainly through de-
tailed analyses of striae (Fig. 8). The stratigraphy at
Stenseng (Garnes & Bergersen 1977), Einbu (Garnes 1979)
and Gubbhaga (Hole & Bergersen in print) is recently pub-
lished (Fig. 1). In addition, recent investigations of
several exposures in Skabu, earlier described by Mangerud
(1965), have been undertaken under the guidance of the
authors (e.g. Alstadsater 1979). The general stratigraphy

at these four localities is shown on Fig. 9.

Skabu. 1In the Vinstra valley at Skabu eight large, and
a number of small exposures can be seen showing glacio-
lacustrine sediments of up to 100 m thickness below tills.

In addition, coarse, short-transported fan deposits have
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WEICHSEL STRATIGRAPHY IN THE
GUDBRANDSDALEN TRIBUTARIES
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Fig. 9. Connrelation of the tilL stratigraphy in foun sections
in four different tributanies, from the south (Ledt) to the
nonth [(Garnes 1980). The distribution of the tills grom
different phases seems to vary with the distance grom the ALce
divide. In the sub-tillL glacio-Lacustrine sediments at Skdbu
there occun both glacio-fluvial units of Local ordgin (open
rings) and farn-transported deposits |(filled nings). The Latten
are interpreted to be of proglacial deposits. The 2ill units

A - D conrnespond to the foun phases in Fig.§.



been observed below the silt-sand . layvers. Above the
glacio-lacustrine sediments a glacio-fluvial sequence
occurs. The fine-grained sediments, deposited in a lake
probably dammed between two glacier tongues, are found

to have been deposited without break in the sedimentation
and overridden by the inland ice without any subaeril
exposure. Therefore, the sediments probably belong to
the starting phase of the last ice age. The same conclu-

sion was also suggested by Mangerud (1965).

The bulk of the tills, which are found up to 30 m thick,

have evidently been deposited during the first part of

the last ice ége, from glaciers flowing to the east - south-
east, as also pointed out by Mangerud (1965). As a result
of detailed field work, using different methods, the

authors have identified also a youﬁger covering basal till
being deposited from northflowing glaciers. This till,
having a fabric which corresponds very well with a number

of striae observations in the vicinitv of Skabu, is

thought to belong to phase D. The upper till is separated
from the lower till by a block layer, which the authors
believe represents the change in the direction of the
glacier-flow, from ca 160° to ca 20°. The till strati-
graphy at Skdbu is thus found to be similar to that of
Stenseng, see below. The reason for the lack of tills

from phase C at these localities could be that the localities
are found in an area which was located just below the inland-
ice culmination zone during this phase. In Sandadalen,
situated between Skdbu and Stenseng, cf. Fig. 1, coarse

glacio-fluvial sediments are overlaid by basal till deposited



Fig.10. Sub-tif deltaic sediments at Einbu, cf§.
Figs.1 and 9, viewed to the north. The sediments
are thought to have been deposited in a Local
ice-dammed Lake.






by northflowing glaciers. This till can most probably

also be correlated with phase D.

Stenseng. Also in parts of the Sjoa valley, thick glacio-
lacustrine sediments below tills have been demonstrated.
The strongly deformed uvper zone of the sediments gives

no indication of whether they were overridden by the in-
land ice just after their deposition or whether they sur-
vived a subareal period. Above the sediments, till units
have been identified corresponding to the main glacial

phases of the last ice age, with the exception of phase C.

Gubbhagd. 1In the uppermost part of Ottadalen, in a large
glacial through close to the highest mountains in Norwav,
several localities with glacio-lacustrine sediments below
till have been observed near the valley bottom. The most
complete stratigraphy is shown at Gubbhdgd where basal tills
correSponding to the phases A, C and D, have been found.

The reason why a till deposit from the phase B (the main
phase elsewhere) is missing, could be that the main ice

divide crossed the area during that period.

Einbu. The most complete till stratigraphy above waterlaid
sediments has been reconstructed at Einbu in Hjell&dalen,

a small tributary close to Dombds. At this place basal
tills from all four main glacial phases of the last ice age
are found. The sub-till sediments are thought to have been
deposited in a lateral lake dammed by the advancing ice at

the beginning of the last ice age, (Fig. 10).
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X-ray analyses of material from all till units show
no traces of fossil soils or weathering products as smec-

tite and kaolinite (Garnes in prep.).

OTHER LOCALITIES WITH SUB-TILL SEDIMENTS

In addition to the localities chiefly described, a number
of sites with sub-till sediments are known. Some of these
are uncertain concerning their stratigraphic position, and
they may be mixed up with sorted melt-out till iayers.
Furthermore, in Jotunheimen we have seen sub-till sediments
which have obviously been deposited during the last\de—
glaciation period and overridden by local ice advances.

Both of these types of localities are excluded from Fig. 1.

Most interesting is the highest situated locality, 1250 m
a.s.l., in Sikilsdalen in Jotunheimen. Glacio-lacustrine
sediments more than 4 m thick can be found here below
thick tills which are considered to have been deposited

during the first part of the last ice age.

SUMMARY AND CONCLUSIONS

No organic matter has been found in the sediments investi-
gated, except for mammoth fragments and pollen. The pollen
content is extremely low, but all localities seem to show
the same picture. Betula and Graminae account for almost
all of it (Garnes 1978, Alstadsater 1279). All observa-

tions indicate that the sediments were deposited in a cold
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interstadial environment, cf. Bergersen & Garnes (1971).

No argument has been found for an interglacial age for the
deposits. The stratigraphic position of the sediments
shows that they are older than the last inland-ice period
and that most of them, if not all, were deposited in the
same ice-free period. All investigations on structure and
texture point to this conclusion. In the Brumunddal area,
ca. 100 km southeast of Mid-Gudbrandsdalen, recent finds

of éuﬁ-till lavers with bog and lake sediments are supposed
to repfesent a Weichselian interstadial called Brumunddal
Interstadial (Helle et al. in print). Two l4C datings of
the bog, which was overlying several older tills, gave infi-
nite age, one of them %» 50,300 B.P. (T-3222), (op.cit.).
Judging by the geographic and stratigraphic position, the
Vdatings, and the pollen content of the sub-till lavers, the
Gudbrandsdalen and the Brumunddal Interstadial probably
fepresent the same ice-free period. The authors have
focused the present investigation on the development and
course of the last ice age. Therefore, in this review we
will not give a further discussion of the possible corre-

lation of the Gudbrandsdalen Interstadial period with ice-

free periods in other areas.

In many localities it has been proved that the sub-till
sediments rest on bare rock, which sometimes is g¢riated.
During the ice-free period before the last ice age, there
must have been an extensive evacuation of older deposits
from the tributaries. From calculations based on the rate
of slope processes, Garnes (1979) suggested that the condi-

tions in Hjellddalen, a tributary in upper Gudbrandsdalen,



show that the period could have been longer than the post-

glacial period, i.e. more than 9000 years.

The large, sub-till, sandur sediments in Gudbrandsdalen
may indicate that the last inland ice sheet grew slowly.
The snouts of glaciers from Jotunheimen seem to have re-
mained in Gudbrandsdalen for a long time, transporting
enormous quantities of glacial material into the valley.
There are indications of a strong glacio-isostatic down-
pressing of the area allowing the sea to transgress farther

into the valleys than during the last deglaciation period.

The most plausible explanation for most of the sediments

is that they are deposited at the beginning of the last

ice age. This is not proved, however, and it cannot be
excluded that some of the sediments were deposited in a
deglaciation environment. Most of the sub-till sediments
in the tributaries are situated in the same areas where
large ice lake sediments were deposited during the last
deglaciation. Furthermore, the two lake sediments, differ-
ent in age and stratigraphy, show many similarities in
texture, structure, and distribution pattern. It may also
be pointed out that there are some glaciological difficul-
ties in reconstructing the position of the damming glaciers.
The authors suggest that some of the sediments could have
been deposited between downwésting ice masses in the main
valleys and advancing valley glaciers from the western

tributaries.



The most important conclusions from the present study of

Weichsel deposits are:

1. Till studies have appeared to throw more light upon
the development of the last ice age than studies of
thé sub—till sediments have done (Figs. 8 and 9).
The sub-till sediments, however, have been a useful
basis for the establishment of the Weichselién till

stratigraphy.

2. The widespread existence of sub-till sediments gives
evidence for surprisingly modest ice erosion during
the last ice age, even in valleys close to the highest
mountains in Norway. The glacial sculpture of these

valleyvs must therefore be older than Weichsel.

3. The sub-till sediments give little information about
the period in which they were deposited, namely the
Gudbrandsdalen Interstadial. Evidence has been found
for an arctic/subarctic environment during the depo-
sition of the sediments. Judging by the nearly total
evacuation of older deposits from the tributaries, the
ice~free period seems to have lasted for a long time,

with very strong slooe processes.

4. Most of the remnants‘from the Gudbrandsdalen Intersta-
dial have been found in Mid-Gudbrandsdalen. This is
presumably due to the fact that the main ice divide
was situated over this area for a long time, conserving
the sediments from ice erosion. It is also found that

the intensity of ice erosion, as well as the magnitude
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of till deposition, was dependant on the ice divide's

vosition in relation to the location of the areas.
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