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A dark. blue-grey. silty clay below till is described from a locality 230 m a.s.l. in the Rokosjoen
depression east of Mjos a. The sediment is glacially deformed but interpreted to represen t a depo
sit from a period with a local lake-level at least 240-250 m above present sea-level. The deposi
tional environments are compl ex and believed partly to have been a shallow fjord embayment,
but glaciolacustrine condition s may also have been lnvolved. The pollen tlora of the sediment is
ref lecting a grass -dominated, treeless. lnterstadtal vegetation . Two "C -AMS dates at c. 34 and c. 47
ka suggest a Middle Weichselian age for the sediments in the described Rokoberqet inters tadial.
Similar glaciolacustr ine/lacustrine/marine deposits may have been widespread in several periods,
playing an important role as parent material for parts of the 'old blue tills' and overconsolidated
sub-till sediments in the Mjosa region. Possible cor relations with other known interstadial deposits
in southeastern Norway are discussed. but only fragme nts of the Weichselian development are
known at the present time.
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some of the 'blue tills ' in the region. Possible
correlations with similar sequences in surroun
ding areas will also be discussed.
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Fig. 1. Location map. southeastern Norway. Quaternar y
geological maps in scale 1:50,000 for the map-she ets t.e
ten. Elverum and Tangen (Fotlestac 1973. 1974. Bargel
1983) are shown . The shaded area on the inset map indica
tes areas with fine-gra ined, blue-qrey. lodgement till (after
Olsen 1985a).
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Introduction
Since the description of the complex Gud
brandsda len interstadial (Bergersen & Garnes
1971), some ten occurrences of interstadial
sediments have been repo rted from the sout
hern part of Central Norway. Three of these
are situated in the Miesa regio n (Fig. 1): near
Brumunddal (Helle et al. 1981), in Astdalen
(Haldorsen & Rappo I 1990), and in the Lilleham
mer area (Olsen, unpubl ished).

During the summer 1990, a new locality
with sub-till sediments was discovered and
sampled in an extended slope excavation along
a forest road at Rokoberget east of Miesa
(Figs. 1 & 2). Preliminary investigations sho
wed the presence of both pollen and macrosco
pic plant remains (J.O. Vigran pers . comm.
1990). In 1991 the sect ion was therefore exami
ned more close ly, and both a partly diamictic
sand and a lodgement till were recognised in
the upper parts of the section. The sediment
below the diamictons is a dark , blue-grey, sil
ty clay affected by glaciotectonic defor mation
(Fig. 3).

The purpose of the present paper is to
describe the sub-t ill sediments from Rokober
get , and thereby to contribute with another
puzzle to the complex picture of Weichselian
interstadials in Norway. It is our hope to throw
some new light on the origin of the matr ix of
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Fig. 2. Topography of the Rokobe rge t area and location. south of the forest road . of the desc ribed section (RS) at the
northern end of a small ridge thought to be a drumlin. The dashed line indicates the exten t of the sub-till sec iments towards
the north and east.

Physiography and geology

Topography and bedrock
The lake Rokosj0en (Figs . 1 & 2) forms the
centra l part of a c. 30 km transverse depressi
on between the two main N - S trend ing val
ley systems in south eastern Norway; the lake
Mj0sa and Gudbra ndsdalen in the west and
0 sterdalen with the river Glomma in the east.

The pres ent water -level in Rokosjeen is c.
215 m, in Mj0sa c. 125 m and in the Glomma
east of Rokosj0en c. 160 m (all values above
present sea-level ; a.s.I.). South of Roko sj0en ,
the hill Rokoberget has its highest po int at
355 m a.s.1. (Fig. 2).

The local bedrock around Rokosj0e n is
dominated by Precambrian granites and gneis
ses . Rokobe rget is underlain by one of seve
ral gabbro bod ies form ing low smooth hills.
All these rock types are abou t 1,600 Ma. To
the nort h and west the basement platform is
overlain by youn ger sandstones and shales
of Vendian and Cambro-S ilurian age (Gvein
et al. 1973).

Quaternary geology
The superficial Quaternary deposits east of
Miesa in the vicinity of aokosjcen (Fig. 1)
have been mapped by NGU (Follestad 1973,
1974, Barge l 1980, 1983), and are of Late
Weichselian and Holocene age.

In the valleys of the Glomma and oth er ri
vers there are glaciofluvial, fluvial and some
aeolian deposits , wh ile till is the dom inant
superficial sediment outside the river valleys.
The gravel fraction (4 - 8 mm) in the till south
of Hokos ieen is totally dominated by Precam
brian rocks and quartz ite/sand stone (Follestad
1973, Bargel 1983).

The investigated area south of Hokosjeen
(Fig. 2) has a continuous till cover, part ly of
great thickness. In a road-cut , a till with a
thickness of more than 2 m was descr ibed
by Bargel (1980), before a new and deeper
section was excavated in 1990.

The oldest recorded regional ice movement
in the area (of supposed Weichselian age) is
tow ards the south. The younger ice move-
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ments recorded during NGU's mapping have
a slightly more southeasterly component (Folle
stad 1973, Bargel 1983).

Locality description
The investigated Rokoberget section lies south
of Rokosj0en (Figs. 1 & 2) about 230 m a.s.1.
It encompasses a cross-section throug h a
small ridge which is elongated N-S or slightly
towards NNW-SSE (Fig. 2). The ridge is interp
reted as a possib le drumlin made by eros ion
of the substrate during an ice movement to
wards the south.

Examination of expos ures of granite in the
area not far from the Rokoberget locality in
1991 revealed that the oldest ice movement
recorded in the area is represented by crude
grooves with a direct ion towards southeast
or east-southeast. The subsequen t ice move
ment left coarse striations directed towa rds
the south. The younger, less pronounced, ice
movement structures obser ved near the locali
ty have a mainly southeasterly compo nent,
while the last ice movement in the Hokos jeen
area was directed towards east-southeast.
Striations from this phase are found as weak
and thin striae on the topmost parts of bed
rock expos ures .

The ice movement that formed the sugge
sted drumlin may therefore be that which pro
duced the old coarse striation towards the
south ; alternat ively it may correlate with a
younger regional southerly ice movement that
is not so well documented in this part icular
area.

The Rokoberget sect ion is about 75 m long,
up to 4 - 5 m high and can be divided into
three main litho stratigraphical units (Fig. 3):

a) Glaciotectonised sub-t ill sediments.
- Blue-grey silty clay.
- Silt and sand.

b) Sand and gravelly sand.

c) Till.

The blue-grey silty clay is exposed at the
base of the excavation. It is compact and the
exposed part of the sediment has been strong 
ly disturbed by glaciotecton ics with structures
(mainly folding) showing an ice movement from
north-northwest to south-southeast. The clay
is overlain by silt and sand that are also distur
bed by glaciotecton ic structures (Fig. 3).

In the western part of the section the sub
till sediments are overlain by a brownish dia-
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micton interpreted to represent a lodgement
till (Fig. 3). The till contains local gran ite boul
ders up to more than 1 m' in size. A ctast
fabric analysis in the lower part of the till revea
led a prefe rred orientat ion indicating an ice
movement towards the sout h-southeast. This
is in agreement with measurements of the
axes of ten glaciotectonic folds in the underly
ing deformed sediments .

The eastern part of the sect ion has a thin
till cover (ablation till ?) but is dominated by
sand and gravelly sand (Fig. 3). The sand has
a somewhat deformed appearance, which may
have been caused by either glaciotec tonic
deformation or deep frost act ion (permafrost),
or by a comb inat ion of both processes.

The boundary between the units varies from
dist inct and sharp to indistinct and mixed. The
chaot ic defor mation structures in the upper
middle part of the section (Fig. 3) make it diffi
cult to decide on the relative age between the
sand in the easte rn, and the till in the western
part of the sect ion. The sand may grade late
rally into a grey to brown-grey till with sand,
grave l and some large boulders outs ide the
sect ion. Our present favou red interpretation,
however, is that the sand is older than the
till and thus constitutes the youngest part of
the sub-till sediments. To test this hypothesis,
more extensive field-work , including digging,
is required.

In this work we have not given the units
any formal or informal names , except for the
lower unit which we have called the Rokober
get interstadial sediments .

Laboratory investigations
As the till in the sect ion resemb les the com
mon , well-known, Quaternary depos its in the
region (Follestad 1973, Barge l 1983), only the
sub-till sediments have been subject to close;'
laboratory investigation in the present work
and are descr ibed in more detail below . A
search was also made for foraminifera (J.G.
Verdenius pers. comm. 1990) and diatoms (B.
Stabe ll pers . comm . 1992) in the clay but none
was found.

Grain-size distribut ion
The grain-size dist ribut ion has been determi
ned on selected samples from the Rokoberget
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section (Fig. 4). As a comparison, the gra in
size distribution of the matr ix-rich Jerstac Till
from the Lillehammer area is also shown in
this figure.

In Fig. 5, gra in-s ize parameters are compa
red with Norwegian Quaternary sediments of
known origin (after Selmer-Olsen 1954). The
Jerstac Till samples grou p within the till field,
whereas the Roko berget samples indicate a
comp lex depositional history. The silty clay
from the Rokoberget interstadial sediments
(sample 12) falls with in the field for lacustrine
sediments while the sand above (sample 13)
may have several possible origins. The gravel
ly sand (sample 14) is clearly bimodal and the
most proba ble exp lanation for the gravel.con
tent wou ld seem to be ice rafting.

Minera logy
Bulk samples of the silty clay from Ro ober
get have been analysed by X-ray diffraction
and differential thermal methods. Semi-quanti
tat ive evaluation indicates the following minera
logical composition: 40-50% quart z. 20-30%
feldspar, 15·20% mica/iIIite, 10-15% chlor ite
and about 5% pyrite. This is a compos ition
which resembles that of the Late Weichselian
clays from the 0stlande area (L;!jg 1948, Sel
mer-Olsen 1977).

Geotechnical properties
In the section, the clay was very hard and
prob ably partly dehydrated , a feature which
adds to the uncertainty of some of the analyses .

The plastic prop ert ies gave the following
values: Liquid limit, W L = 29%; plastic limit, W p

=23%, and plasticity index, Ip =W L - W p =6%.
The sediment was very sensitive to small

changes in water cont ent. The natural water
content was measured to 13-14%. Although
this may be too low due to drying, it is belie
ved to be below the plastic limit.

The geotechnical properties of the clay indi
cate a sediment with a clay fraction of low
activity (as con firmed by the mineralogical
analy sis) an d w ith some org an ic m ateria l. T re
atment with H,O, gave no weight loss, while
the loss-on-ignition at 1000°C was about 5%
and at 550°C 2-3% in samples from the lower
most part of the sediments (sample no. 12 in
Fig. 3).



NGU· BULL.424.1993 Sub-till sediments at Rokoberget 5

CLAY SILT SAND GRAVEL
100

I ,..-;~ / --- ...;.:::/::::::t/
I

R12/ / J ../_- ?:s:+? -:::" .- - j
80

~/' '? .:.:::

! 1i;;:;:~::~::(~{::::::':' /
~ ./

f ../ ../
"'0 / ../ ../
V 60

!I ....::::::::~~::~:::::::::
...-

../.. ../ --Cl ../ -,-'" I ../ ....:;::;:::;:} :::::....

~T
c --../ I ../.. 40 7'~

.................. --
" / / :~::::::::.:.. .r,
~ ....;:::;:;:::{ll. ../ /

~~...:.:::::::
::::::::::::.~., .

/' /
/

/........-: ../
/

20 r 0/.... :::::::~:..., . 1 R14 /../
:.' -- ../

---- -- R13 ~~
0

0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60

Gr ain size d (mm)

R12 -Sill y c lay R13 -Sand R14 - Gr ave lly sa nd J -Jorslad l ill

Fig . 4. Grain-si ze distribut ion for selec ted samples from the Rokob erget section . For location of samples . see Fig. 3. The
othe r curves show grain -size distr ibu tion for 33 samples of the fine·g rained basal Jerstac Till from the Lillehammer area .
About 50% of the curves are situated in the shaded area (after Olsen 1985a).

3.0

0.5

Cl)

Cl
c:: 1.0:;;...
o

Cl)

~ I ~
'0'0

Cl
E
I1
o

2.5

2.0

1.5

o

CLAY SILT SAND GRAVEL

......... .. .......... ....." ..., .... ' .
' ...,

d/I!//;,• ~ Gravelly till

-, ......... ~• rl l l l l f!
V( I '
'-Jorst ad till

<,

'.1Key
I ../ j...--

co till

V~ ..~~, Glaciolluv ia l..
I , 0 ",0

1'-, <, ~ /
sediments.. ..e .s .................- ..

~
r:-.......""" R14 /,-.~ ;:,- 'f -: .....

;,;
• • • •• • • • • • <, <,

::> <,
(J p"';-''" r-- River sed iments-J -- t- _ _ _ ---t----- R13 "--P Beach "- ..............

~ ........ _--- --
~

se diments ....... .......- - - -...: d un e s
~

" 1
0.00 2 0 .0 0 6 0.02 0 .0 6 0.2 0.6 2 6 20 6 0

Median grain size, Md = d 5 0 (mm)

Fig. 5. Grain-size dat a from samples in the Rokoberg et section and the fine-grained basal Jer stao Till in the l. il leharnmer
area . compared with sediments of known origin (after Selmer-O lsen 1954).



6 «ereRokoengen. Lars Otsen & Synove F. Selvik

Pollen
Pollen analysis was carr ied out on five diffe
rent samples (Table 1), four (9 - 12) from vari
ous depths in the sub-till sediments and one
(8) fro m the bottom part of the lodgement till
overlying the waterlain sediments (Fig. 3). The
samples were treated with HF and acetolysis
as described in Fcegri & Iversen (1989). Lycopo 
dium tablets were added to allow absol ute
pollen analysis (Stockmarr 1972).

The pollen concentrat ion was high (9x10' 
2x10' pollen grains/cm') in the waterla in sedi
ments, but clearly lower (5x10' pollen gra ins/
cm') in the overlying till. Due to relat ively poor
preservation , the frequency of unidentified
pollen grains is high in all samples. Although
only a small number of pollen grains were
analysed (L P=106 at most), the result s are
interesting enough to warra nt some com
ments. A differe nce in composition of the
pollen flora can be observed from the till samp
le (8) to the waterlain sediments (9 - 12), but
the sparse nature of the pollen in the till samp
le does not allow an ecological interpr etation.
The compos ition of the polle n flora is very
similar in the samples from the waterlain sedi
ments (9 - 12). Herb pollen predominates ,
with grasses (Poaceae) and sedges (Cyperace
ae) being the most frequently occurring pollen

Table 1. Pollen data.
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types , and wormwood (Artemisia) present in
the four samples (Table 1).

The predominance of herb pollen types is
so clear that the pollen flora is interpreted as
reflecting a grass-dominated, tree less vegeta 
tion. The composition of the herb pollen flora
may indicate an arct ic-alpine, tundra-like veg
etation , but the possible existence of seasho
re conditions must also be cons idered .

Macrosc opic plant remains
The contents of macroscopic plant remains
were examined in samples taken from th'ree
different depths with in the silty clay, and from
the bottom part of the overlying till. The samp
les, each c. 50 cm' in volume, correspond to
four of the pollen samples indicated in Fig. 3
(8-11). The material was washed with water
and sieved thro ugh metal sieves with mesh
widths from 2 mm to 0.125 mm, and exami
ned in a low-power microscope.

Small amounts of unidentified plant remains
up to 4 mm in length were present , and in
one sample from the silty clay there were frag
ments of at least five , different, but not identi
fied, moss species.

Rokoberget interstadial sediments
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Discussion

Dating with 14C-AMS
Two organic-bear ing silty clay samples from
the interstadial sediments at Rokoberget have
been radiocarbon - AMS dated in Utrecht, the
Netherlands, with the following results:

The first sample (UtC 1963) is from the upper
most part of the sub-till sediments (sample 9
in Fig. 3), and the second from the lowermost
part of the sediments more than 1 metre be
low the first (sample 12). The oBC-values, at
c. -30 °/00 , are suggestive of a terrestrial ori
gin, and indicate that any possible contaminati
on of older or younger carbon with biased
isotopic fractionation should be fairly low. From
the fieldwork carried out on the exist ing sec
tion it is not poss ible to say for sure if there
are any unconformities in the sediments betwe
en the sites of the dated samples.

Extent and genes is of the sub-till
sediments
Blue-grey sub-t ill sediments or blue-grey till
are present below the sandy cover-till (general
ly ablation till) in several localities at Rokobe r
get. 'Blue clay' was obser ved by the first aut
hor during well excavation in 1950. Earlier,
such clay had also been encountered during
excavation for a farm building, where digging
proved to be very diff icult. The highest of the
se localities at Rokoengen (Fig. 2) lies at about
275 m a.s.I.

Other similar localities have also been recor
ded (Fig. 2). Blue-grey sub-till sediments with
the local name 'blakvabb' is reported from a
small river near Veideborg. According to local
tradition, 'blakvabb' was also excavated at
Prestlekken and used as construction material
for the old church on the top of Rokoberget.
The relative ages of the sediments from the
different sites are unknown at the present time.

The blue-grey clay, or a till with a similar
matrix, may thus be present below the youn
ger till over an area of at least 1 km' at Roko-

berget. The lower boundary, towards the north
and northeast, is partly marked as a fairly
steep slope (Fig. 2). The change in sediment
thickness is striking, from a thick cover in the
higher areas to sparse and very coarse-gra i
ned sediments in the lower areas around the
lake Hokosjeen. This is also reflected in the
vegetation which shows a change from a mix
ed spruce and deciduous forest in the higher
areas to pine forest in the lower areas.

The sediment distr ibut ion may be exp lained
by a stoss-side accumulation or stacking ef
fect due to the south-southeastward moving
ice which subsequently reworked or defor
med, compacted and thereby preserved the
older sediments on the upper southern side
of the Rokos j0en depression . Later ice move
ments towards the east-southeast and meltwa 
ter eros ion and transport may have removed
the old fine-grained sediments in the lower
part of the E-W trend ing Hokosjeen depres si
on.

The distribution of the blue-grey deposits
towards the south and west is more diff icult
to evaluate, but they may be present below
ablation till in areas with a thick sediment cover.

The situation at Rokoberget shows a strong
resemblance to the Lillehammer area which
has been investigated in more detail (Olsen
1985a, b), and where clay-rich blue-grey till
(the Jerstad Till) is found to dominate below
a depth of about 2 m over most of the area.
It seems evident that the matr ix in this blue
grey till must have its origin in depos its resem
bling the Rokoberget sub-till sediments .

Our interpretation is that the silty clay in the
Rokoberget sect ion was depos ited in a Midd
le Weichselian interstadial period where the
local water-level in the Rokosjeen basin was
raised by at least 25 m compa red with the
present lake-level (Fig. 2). One poss ible depos i
tional environment could therefore be that of
a lake dammed between ice-lobes in the Mj0
sa basin in the west and the Glomma valley
in the east (Fig. 1).

If the rise in water-level occurred without
ice-damming and with no connect ion to the
sea, then the thresholds both in the west and
in the east wou ld have had to have been
much higher than today. The lowland both to
the west and to the east of Rokosjeen impli
es, in this case, that a post-Rokobe rget inter
stadial erosion to a depth of at least 15-20 m
below the ground surface must have occured
over a wide area.

Age in I4C-years B.P.

33,800 +800/-700
47,000 +4000/-3000

-29.6
-30.4

UtC 1963
UtC 1962

No.
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Although some east- or west-directed melt
water eros ion is a probable exp lanat ion for
the rather abrupt lower limit of the thick sedi
ment cover along the sout hern side of the
Rokosj0en basin area (Fig. 2), we find it mor e
likely that the thresholds were not much high
er during the Rokoberget interstadial period
than today. There fore, we suggest that the
silty clay sediments in the lower part of the
Rokoberget sect ion were deposited in a shal
low fjord embayment, even though a marine
origin is still to be prove n.

The silt, sand and gravelly sand in the Roko
berget sect ion (Fig. 3) could be of glaciofluvial
or igin, deposited in a fjord or lake environ
ment. Aeolian transport shou ld, however, also
be cons idered for the sand and sili fract ion ,
while the gravel component could have been
ice rafted.

Regional correlations and age
Follow ing the 1980 conference on the Weichse
lian in the Nord ic countries before 15,000 years
B.P., Mangerud (1981a) stated that the two
most striking points were, firstly , the large
number of Early and Middle Weichselian sites
that had been disco vered and studied in deta
il dur ing the last decades; and, secondly, the
prob lems associated with dat ing and correla
ting these sequences with each other or with
sequences outs ide Norden. During the decade
afte r the conference , severa l more sites were
discovered (Mangerud 1991), espec ially in
North Sweden and North Norway (Laqerback
& Robertsson 1988, Olsen 1988, 1989a,b) and
severa l attempts at dat ing have been carr ied
out. The problems with dat ing and correlations
are, howeve r, still present.

The dates obta ined fro m the Rokoberget
interstadial sediments clearly exc lude the pos
sibility of a Late Weichse lian age. If the sed i
ments descr ibed in this paper are from an
uninterrupted ice-free per iod , then they wou ld,
within plus/minus one standard deviation of
the dat ing resu lts, represent a Middle Weichse 
lian interstadi al lastin g for at least 10-15,000
years in the Rokoberget area.

The corre lations betwee n the sub-till sedi
ments of the Rokoberget sect ion and the sedi
ments in the coastal areas (Andersen et al.
1981, Mangerud 1981b, Sejrup 1987) and in
areas outside Norway (Lundquist 1981, Lager
back & Robertsson 1988, Hirvas 1991) are
very uncertain at prese nt and will not be discus-
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sed here. We will also exclude from the discus 
sion the strat igrap hic information from e.g.
Hardangervidda (Vorren & Roaldset 1977),
Setesdalen (Blystad 1981), Trencetaq (Berg
stre rn unpubl., Olsen unpub l.), Nordland (Lau
ritzen 1991, Olsen unpubl.) and Finnmark (01
sen 1988, 1989a,b), and conc entrate on the
more nearby localities east and south of the
present wate rshed (Fig. 1).

The strongest lithological resemblance to the
clay at Rokob erget is perhaps shown by the
overconsolidated clays at about 260 m a.s.1.
in Numedal descr ibed by Roaldset (1973,
1980). There too , clay sediments were found
below a younger till. Despite a close examinati
on of the sediments no fossils were found .
Roaldset (1980), how ever , favoured a marine
origin for the clays based on phys ical parame 
ters.

East of the lake Mj0sa, some 30 km north
west of Rokosj0en and at ca. 395 m a.s.l.,
Helle et al. (1981) reported a sub-t ill interstaci 
al depo sit (the Brumunddalen interstadial beds)
with a peat hor izon that was submerged dur 
ing deposition of an overlying, more than
2m-thick, silt sequence. The sub-t ill sediments
have a full interstadial, cold-warm-cold, pollen
signature. It is pos sible that the upper silt
sequence in the interstadial sediments at Bru
munddalen was deposited in a small ice
dammed lake. If the Rokoberge t interstadial
sediments observed so far represent only the
upper and last part of an interstadial per iod,
then they may correlate with the Brumundda l
interstadial. Otherwise, such a correlation is
not likely because the optimal conditions du
ring the Brumunddal interstadial, as indicated
by the pollen cont ent , imply a warm Early
Weichse lian interstadial climate (Helle et al.
1981), much warm er than that indicated by the
preliminary results from Rokoberget.

In Astda len, some 45 - 50 km northwest
of Rokosj0en (Fig. 1), Haldorsen & Rappo l
(1990) reported a strat igraphy comprising inter
stadial silty clay over lain by tills and water lain
sediments. The area is situated at more than
700 m a.s.1. The ice movement phases repre
sented above the interstadial sediments in
Astdalen show a one-to-on e correlation with
the three youngest ice movem ent phases found
in the Lillehammer area (Olsen 1985b). All the
se phases are younger than the regionally
distr ibuted, fine-grained, blue-grey till (the J0r
stad Till). This implies that also the interstadi
al sediments in Astd alen may be younge r than
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this till. If not , then the situat ion may have
been that the glacier that deposited the blue
grey Jerstad Till did not completely cover the
Astda len area or, alternat ively, that the area
may have been situated relatively unaffected
between ice-lobes or perhaps between ice
streams within this glacier. Haldorsen & Rap
pol (1990) suggested that the interstadial sedi
ments in Astdalen may have been depos ited
in an ice-dammed lake, probab ly dur ing a
period of deglaciation. This phase may corre la
te with the newly recorded ice-free period
between the Jerstad Till event and the prev i
ous stadiai represented by the under lying,
coarse-grained, blue-grey Mesna till (Olsen
1985b and unpub l.). The sub-till sediments in
the Lillehammer area are "C-AMS dated to
31.5, 32 and 36 ka, which give the Jerstac Till
a late Middle to early Late Weichselian age,
as suggested by Olsen (1985a,b). The radiocar
bon dates from the interstadial sediments in
the Lillehammer area suggest a poss ible corre
lation with the younger part of the Rokobe r
get interstadial sediments .

Radiocarbon dates from Brumunddal (Helle
et at. 1981) and Astdalen (S. Haldorsen , pers.
comm. 1991) have given infinite ages (> 50,
> 48 and > 47 ka), and a preliminary UlTh
dat ing of peat from Brumunddalen yielded c.
60 ka (S.E. Lauritzen & N. Rye, pers. comm.
1991). The UlTh date of the peat may repre
sent the approximate age of the time when
the peat became a closed system with regard
to exchange of U with the surrounding ground
water . This situation does not necessarily
correspond with the age of the peat; it may
well be that the closing time corresponds
bette r with the compact ion phase during the
subseq uent glaciation. Thus, the UlTh date
could well be indicating an approx imate age
for this ice advance and, in addition, a mini
mum age of the peat. Helle et at. (1981) sugge
sted for the Brumunddalen interstadial a corre
lation with the regional Bre rup interstadial (c.
100 ka). This, and even a cor relation with the
regional Odderade interstadial (c. 80 ka), will
therefore poss ibly be in approximate conco r
dance with the UlTh date. If this is correct,
the "C-AMS dates of the Rokoberget interstadi
al wou ld indicate that it is younger than the
Brumunddalen interstadiat.

A correlation between the Rokoberget inter
staolal sediments and the lower sub-till sedi
ments in Astd alen is also diff icult. Both the
interstadial sediments and the younger ice-
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phase history are closely comparable in these
areas. The pollen signature reported from the
interstadial sediments in Astdalen (Haldorsen
& Rappo l 1990) also resembles that in the
Rokoberget interstadial sediments. The Ast
dalen locality, however, is located some 470
m higher than the Rokobe rget section which
makes the corre lation more uncertain. The
radiocarbon dates from Astda len also indicate
that this interstadial is older than the Rokober
get interstadiat.

In Gudbrandsdalen, extensive studies have
been carr ied out on the water lain sub-till sedi
ments (Bergersen & Garnes 1971, 1981, Ber
gersen & Thoresen pers . comm. 1991). Based
on some 20 TL - dates , most of them with
ages of about 50 to 70 ka but ranging from 35
- 40 ka to 80 - 100 ka and even more, it se
ems likely that the sediments from the defined
Gudbrandsdalen interstadial (Bergersen &
Garnes 1971, 1981) belong to more than one
ice-free period. Bones of mammoth found in
the sub-t ill sediments have been radiocarbon
dated to infinite ages (>40 ka, Bergersen &
Garnes 1981); and some preliminary UlTh
dat ings of mammoth bones from Gudbrands
dalen indicate aqas of about 60-80 ka (S.E.
Laur itzen pers . comm . 1991). This seems to
fit well with severa l, but definitely not all, of
the TL-ages from the sediments.

Some of the reported sub-till sediments from
the Gudbrandsdalen interstadial may corr elate
with the Rokoberget sediments . Likely candida
tes are, for instance, the Favang and the
Haugalia sub-till sandur sediments (Bergersen
& Garnes 1971, 1981). Both these localities
require a water-level in Mj0sa at about 220 
240 m a.s.l., which probab ly would be the
same for the corresponding sea-level at that
time. The high sea-level may be explained by
glacial isostatic depression, which in that case
would have been of a magnitude comparable
to but even greater than that dur ing the last
glaciation in this area, expressed by the post
glacial marine limit at c. 190 m a.s.1. in the
Mj0sa basin. However, the tecto nic behaviour
of the Earth's crust in this area may have
been different dur ing the Gudbrandsdalen in
terstad ial than during the last deglaciation
per iod. It is therefore not particularly easy to
est imate the size of the ice-sheet which cau
sed such a huge depression of the crust. A
forebulge effect should also be considered if
the interstadial sandur sediments were deposi
ted as prog lacial sediments during an advan-
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cmq ice-lobe event, as suggested by Berger
sen & Games (1981). It seems more likely,
however, that these sediments were deposited
dur ing ice retreat phases , perhaps with some
more or less floating ice-bodies left as melting
ice-remnants in the biggest basins in the sout
hern Gudbrandsdalen area.

A sea-level about 220 - 240 m higher than
today would have resulted in a direct marine
incursion in the Rokosj0en basin area, inclu
ding the Rokoberget locality (Figs. 1 & 2). If
there was a marine influence connected with
the Rokoberget interstadial sediments , then
the required base- level for depos ition of the
Gudbrandsda len interstadial sediments existed
during the Rokoberget interstadial (Bergersen
& Games 1981). This wou ld support a corre la
tion betwee n these interstadials.

The younge r, poss ibly ice-dammed, intersta
dial sediments at Rokoberget are most likely
younger than the sandur depos its at Haugalia
and Favanq, and they may well correlate with
the tills depos ited during the initial , valley glaci
er, ice-phase A, and even the first part of ice
phase B, in the estab lished ice-phase mode l
for 'the last ice age' in the Gudbrandsdalen
region (e.g. Games 1978, Olsen 1985b). The
newly recorded interstadial sediments in the
Lillehammer area, situated betwee n tills repre
sent ing ice-phases A and B, respect ively, sup
port this corre lation. The ice movement that
formed the assumed drumlin where the Roko
berget section is located, may therefore be
long to the youngest part of ice-phase B, or
to the ice-phase C that includes the last gla
cial maximum event and most of the Late
Weichsel ian period . Both these ice-phases had
south-d irected ice movements in the Mj0sa
region (Olsen 1985b).

The Sorperoa interstadial in Gudbrandsda len
(Fig. 1) is def ined and represented by wind
blown sand that has been TL-dated to about
40 ka (Bergersen et al. 1991). This interstadi
al may corre late with the younger part of the
comp lex Rokoberget interstadial.

Based on "C-dates of gyttja remains below
the sub-t ill clay at Grarnobekken in Folldal ,
these sediments may be younger than 40 ka
(Thoresen & Bergersen 1983), and their pollen
signature (Selvik unpubl.) resembles that of
the Rokoberget sub-till sediments . Another
corre lation cand idate in this northeastern regi
on is that of the sub-t ill sediments at Fiskv ik
in Rendalen (Thoresen & Selvik unpub l.). The
Fiskv ik locality (Fig. 1) lies about 85 km north-
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northwest from the Rokoberget sect ion and
at c. 325 m a.s.1. However, the pollen signatu
re for parts of these sediments indicates a
warm Early Weichselian interstadial climate
similar to that for the Brumundda len interstadi
al, and these sediments may therefo re also
be older than the Rokoberget interstadial. One
" C-dating gave an age of about 46 ka (or
more) and two TL-dates gave ages of 50 and
61 ka from these sediments (M. Thoresen ,
pers .comm. 1991).

Conclusions
The sub-till sediments in the descr ibed Roko
berget sect ion are disturbed and part ly rewor
ked by ice, but still believed to represent an
interstadial glaciolacustrine/lacustrine/marine
sediment of regional import ance. The local
water-level during depos ition is assumed to
have been at least 240-250 m above present
sea-level. This shou ld imply a connection to
the sea, but in the Rokos jeen area the marine
influence would probably have been rather limi
ted.

Two " C-AMS dates at c. 34 and c. 47 ka
suggest a Middle Weichselian age for the
Rokobe rget sub-t ill sediments, and the prelimi
nary pollen data for these sediments resem
ble those from sites further north in southeas
tern Norway , which are also cons idered to be
of Middle Weichselian interstadial origin. The
most probab le cor relatives of the complex
Rokobe rget sub-t ill sediments are the water la
in sub-t ill sediments at Favang and Haugalia
in Gudbrandsdalen (Bergersen & Games 1971,
1981), at Mesna and Starnpes letta in the Lille
hammer area (Olsen, unpubl.), and at Grarno 
bekke n in Folldal (Thoresen & Bergersen
1983). Another correlation candidate is the
interstadial aeolian sand at Sorperoa in Gud
brandsdalen, although this sand has been
conv incingly argued to be younger than the
Gudbrands dalen interstadial sediments (Ber
gersen et al. 1991).

Corre lation between all these local interstadi
als seems to be quite possible if the Rokobe r
get interstadial represents a long, 'multi-sta
ge' , Middle Weichsel ian, comp lex ice-free peri
od, as suggested by the dates and the appa
rently comp lex depos itional history.

Reconstruction of the regional distr ibut ion
of such glaciolacustrinellacustrine or marine
sediments is important as the subseq uent 91a
ciations have reworked and/or overconsolida-
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ted the sediments and formed new deposits
with spec ial geotechnical and geological pro
perties. This includes very compact silt and
clay deposits and clay-r ich tills with properties
different fro m those of the younger tills for 
med during Late Weichselian time in the inland
areas far from the coast.

Many questions still remain unanswered
regard ing the number, time and extent of the
different Weichselian interstadials. New dating
methods and carefu l examination of old and
new sections will hopefully reveal more about
the Weichselian history in the coming decades.

References
Andersen, B.G., Nydal, R., Wange n, O.P. & I2lstmo, S.R.

1981': Weichselian before 15,000 years B.P. at Jreren
Karrney in southwes tern Norway. Bore as 10,29 7-314.

Barge l, T.H, 1980: Rokosjeen. Kvart rergeologisk kart CUV
065066 M 1:20 000 . Nor. geol. unaers.

Barge l, T.H. 1983: Elverum. Beskrivelse til kvartrergeologisk
kart 2016 IV - M 1:50 000 (med fargetrykt kart ). Nor .
geol. unders. 376, 46pp .

Bergersen , O.F. & Garnes, K. 1971: Evidence of sub-till
sed iments from a Weichselian interstadial in the Gud
bran dsd aten valley, central east Norway . Nor. geogr.
Tidsskr. 25, 99-108 .

Bergerse n, O.F. & Garnes , K. 1981: Weichselian in centra l
South Norway: the Gudbrandsdalen Interstadial and the
following glaciation. Boreas ID, 315-322.

Berg ersen , O.F., Tnoresen , M. and Hougsnres , R. 1991:
Evidence for a Newly Discovered we icnseuan Interstadi
al in Gudbrandsdalen, Central South Norway. In Ander
sen, B.G. & Kbnigsson, L.- K. (eds.) : Late Quat ernary
Stratigraphy in the Nord ic Coun tries 150.000- 15,000
BP. The XXIV Uppsala Sympos ium in Quaterna ry Geolo
gy. Striae 34, 103-108. Upp sala.

Blystad , P. 1981 : An inter -till organic sed iment of Early or
Midd le Weichselian age from Setesdal, sou thwe stern
Norway. Boreas I D, 363-367.

Follestad, BA 1973. t.e ten. Beskrivelse til kvart rergeolo
gisk kart 1916 I - M 1:50 000 (med farge trykt kart ).
Nor . geol. unders. 296, 41pp.

Foll es tad, BA 1974. Tangen . Beskrivelse til kvartrergeolo
gisk kart 1916 11 - M 1:50 000 (med fargetrykt kar t).
Nor . geo l. unders. 313. 62pp .

Fregri, K. & Iversen, J. 1989: Textb ook of pollen ana lys is.
4. Ed. by Fregr i, K., Kal and , P.E. & Krzywinsk i, K..
John Wiley & Sons , Chichester , 328pp .

Garnes, K. 1978: Zur Stra tigraph ie der Weichselei szeit im
zentr alen SUdnorwegen. In Nagl , H. (ed.): Beitrii ge zur
Ousrtsr- und Landschaftsforschung. Festschrift zum
60. Geburtstag von Julius Fink: Hirt. Wien, 195-220.

Gvein, 0 ., Sverdrup, T., & Ska lvo ll, H. 1973: Hamar, pre limi
nrert berggrunn skart NP 31, 32-16. M 1:250 000 . Nor.
geol. unoer«

Haldorsen, S. & Rappol, M. 1990: Interstadiale sed imenter
i Astoaten, Serest-Norqe. (Abstract), Geonytt 1/90. 52
53.

Sub-till sediments at Roko berget 11

Ackno wledgements
Firs t of all we thank Astrid Rokoengen and saran Lian for
directing our atte ntion to the locality with the 'blue clay '
and Simen Weideborg for supplying local information. We
are gratefu l for the help given by IKU. NGU and NTH. The
initial pollen analyses were done by Jo run Os Vigran, and
the first X-ray analys is by Vidar Fjerd ingstad. IKU. The la
ter X-ray analyses were car ried out by Ivar Rernrne , and
the geotechnical analyses by Arne How, NTH. The illustrati
ons were prepared by Anne Irene Johannessen. We wo uld
especially like to thank Elen Roaldset, Paula Utigard Sand
vik and Mort en Thoresen for reading an earl y draft of the
manuscr ipt , Sylvi Haldorsen and Arne Reite for later com
ments and David Roberts for impro ving the English langua 
ge of the final manusc rip t.

Helle. M., sensteqaaro. E.. Coope, G.R. & Rye, N. 1981:
Early Weichseli an peat at Brumunddal, SE Norway.
Boreas 10, 369-379.

Hirvas , H. 1991: Pleistocene stratigraphy of Finnish Lap
land. Geol. Surv . Finl . Bull. 354. 123pp .

Laqerba ck , R. & Robertsson, A.-M . 1988: Kettle holes 
stratigraphical archives for Weichse lian geology and
palaeoenv ironment in northernmost Sweden. Boreas
17. 439-468.

Lauritze n, S.-E. 1991: Uranium series dating of spe leot
herrn s: A glacial chronology for Nor dland. Norway for
the last 600 ka. In Andersen, B.G. & Kbnigsson . L.-K.
(eds.): Late Quate rnary Stratigraphy in the Nordic Coun
tries 150,000-15,000 B.P. The XXIV Uppsala Symposium
in Quaternary Geolog y. Striae 34. 127-133. up psata.

Lund quist . J. 1981: Weichse lian in Swed en before 15.000
B.P. Boreas ID, 395-402.

Ulg , J. 1948: uncersekerser over cppha vsmaterialet for
0 stlan dets morenedekker . Medd. Norske Skog forS0k s
vesen ID, 1-223.

Mangerud. J. 1981a: Weichselian before 15.000 years B.P.
in the Nord ic countries : a symposium. Borea s 10.
295-296 .

Mangerud , J . 1981b: The Early and Middle Weichselian in
Norway: a review . Boreas 10, 381-393.

Mangerud, J. 1991: The last interglacial/glacial cycle in
Nor thern Europe . In: Shane , L.C.K. & Cushing, E.J.
(eds.): Quaternary Landscapes. Univers ity of Minnesota
Pres s. Mineap olis. 38-75.

Olsen. L. 1985a: Lillehammer. Beskrivelse til kvartzerqeoto 
gisk kart 1817 11 • M 1:50 000 (med fargetrykt kart).
Nor. geol. unoers . Skr . 60. 47pp.

Olsen, L. 1985b : Weichsel ian till strat igrap hy in the Lilleh am
mer area, sou theast Norway . Nor . geol. unaers. Bull.
401. 59·81.

Olsen , L. 1988: Stad iaIs and interstadials dur ing the Wei
cnsei glaciation on Finnmarksvidda. northern Norway.
Boreas 17.517-539 .

Olse n, L. 1989a: Glasialgeolog i og kvart rerstratigrafi i to
inntenasomreder. Nordlige Mj0sregionen og Finnmarks 
vidda. Or. scient. thesis . Univer sity of Bergen. Geol.
Inst.. avd B.

Otsen, L. 1989b: we icnsenan Till Stratigraphy and Glacial
History of Finnmarksvidda. North Norway . Quat. Intern .
3/4. 101-108.



12 Kare Rokoengen, Lars Otsen & Syn0 ve F. Selvik

Roalcset. E. 1973: Sub-till sediments in the umedal Val
ley, southern Norway. Bull. Geol. inst. Univ. Uppsala
5. 13- 17.

Roaldset , E. 1980: Overconsoticateo sub-till clays in Her
landsdalen, lower umedal, south orway. or. Geol.
Tiosskr. 60, 39-51.

Selmer-Olsen. R. 1954: Om norske [ordarters variasjcn i
korngradering og plast isitet . Nor. geol. unoers. 186.
102pp .

Setmer-Otsen, R. 1977: Ingeniorge%gi. Oe/ II. De lose iora
fag. Tap ir. Trondheim. 289pp.

GU - BULL. <24. 1993

Sejrup. H.P. 1987: Mo llusca n and foramimfera l tnostratiqrap
hy of an Eemian - Early we icnsenan sect ion on xa rrn
oy. southwes tern orway. Boreas 16. 27-42.

Stockmarr, J. 1972: Tablets with spo res used in absolute
pollen analysis . Pollen et Spores 13. 615-621.

Thoresen, . & Bergersen, O.F. 1983: Sub more ne sedimen-
ter i Folldal, Hedrnark. Sores t- org e. or. geol. un-
aers. 389. 37-55.

Vor ren. T.O. & aoa toset . E. 1977: Strat igrap hy and lithOlogy
of Late Pteistocene seoiments at Mosvatn, Harda nge r
vidda, south Norwa y. Boreas 6, 53-69 .

Manuscrip t received August 1992; revised typescript Desember 1992; accepted Janua ry 1993.


