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The litho- and biostratigraphy in a basin at Kroken in Lusterfjorden, inner 
Sogn, shows that the lower 46 cm of disturbed laminated silt was deposited 
during an interstadial period, where an open vegetation with Betula existed. 
A re-deposited peat layer in these sediments reflects a thick forest of Alnus 
(probably A. glutinosa) with a subvegetation of Filicinae. Corylus and Ulmus 
have grown in dry places. This peat layer, together with secondarily de
posited pollen (e.g. Picea and Acer) elsewhere in the laminated silt, is 
assumed to be from Middle Eem. 

T. O. Vorren, Geologisk institutt, avd. B, Universitetet i Bergen, 5014 
Bergen-Universitet, Norway. 

Introduction 

In order to date some of the deglaciation events in the area between J oste
dalsbreen and Jotunheimen more closely, samples for pollen analysis and 
radiocarbon dating were collected in autumn 1970 from a basin at Kroken 
in Lusterfjorden, which is the innermost northem arm of Sognefjorden 
(Fig. 1). At the bottom of the basin disturbed sediments which, from the 
pollen content, appear to be older than Late Weichselian were unexpectedly 
found. 

The ca. 100 X 200 m basin which is now filled in with organogenic 
deposits and is cultivated, lies 125 ± l m a.s.l. and has its opening towards 
the south with a threshold at 124 m a.s.l. (Fig. 2). When the ice melted 
away from this area after the Last Glaciation, the relative sea level was 
ca. 130 m higher than at present, which is accordingly the marine limit here 
(Vorren 1970). 

Lithostratigraphy 

M ethods and description 
At the deepest part of the basin, samples were collected from the bottom 

and up to l m below the surface by means of a piston sampler with a 
diameter of 54 mm. The stratigraphy of the lower 250 cm is shown in Pl. l. 
Higher up it varied between coarse and fine detritus dy. 
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Grain-size and heavy mineral analyses were carried out on the minerogenic 
sediments. The dry weight of the samples used for grain-size analysis varied 
between 7 and 40 g. The smallest amounts were taken from the graded bed 
because of the dose concentration of analysis which was needed there. 
Except for samples 6, 7, 8 and 9, which were only sieved, the grain-size 

analysis of the material under 0.063 mm in the other samples was done by 
the pipette method (Krumbein & Pettijohn 1938). 

The heavy mineral analyses were carried out with bromoform (S.G. 2.80), 
using the 0.63-0.125 mm fraction and, where there was sufficient material, 

the 0.125-0.250 mm fraction. The results of these analyses are shown in 
Pl. l and Fig. 3. 

!l 

� 
� " 
> • . . 
e � 

r 

l 

� ; 

l 

Ill 

i• 

... 

j-
j-
j-
j-

; 

1-

� 

li 
li 

j--

't·• 



• 

K 

. 

INTERSTADIAL SEDIMENTS FROM INNER SOGN 231 

BIOSTRATIGRAPHY 
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The m.inerogenic sediments can be divided into three beds as given in 
Pl. l. The lowest bed is disturbed laminated silt (Figs. 3, 4 and 5). This Iies 
directly on solid rock or possibly a boulder. It is sharply bounded above 

by the graded bed. The disturbances in this bed consist of, among other 

things, several large and small faults. The two most marked are hatched in 

Pl. l. The existence of the lower of these is shown by the grain-size and 

heavy mineral analyses l and 2 which clearly demonstrate two different 

types of sediment on either side of the fault plane. Part of the upper fault 

is shown in Fig. 4. Graded laminae, which Iie upside down, can also be 

seen here, demonstrating that at !east this sequence of laminae is inverted. 

The organogenic layer in this bed varies in thickness from less than l mm 
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Fig. l. Map of the depression and surroundings of Kroken in Lusterfjorden and loca
tion maps. 

Fig. 2. The basin at Kroken, Lusterfjorden, viewed from the north. X marks the bore
hole site. 
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Fig. 3. Grain-size distributions, cumulative curves. The sample numbers correspond to 

those on Pl. l. Samples 1-5: disturbed laminated silt; Samples 6-14: graded bed; 

Samples 15-22: unstratified silt. 
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to 15 mm and it lies along an angular unconformity in the minerogenic 

sediments (Fig. 5). A section perpendicular to that shown in Fig. 5 shows 

that the thickness of the organogenic leyer increases and the lower laminated 

silt is bent into a vertical position. This shows that tectonic movement has 

occurred here and that the unconformity is thus a low angle fault. No 

organogenic material other than this layer was visible in the laminated silt. 

The material in the uppermost 3-4 cm of this bed is not laminated. This 

is also the case with the lower 3-4 cm. Here the lack of lamination may 

possibly be due to disturbance during sampling. 

The next bed is a graded one. The upper boundary cannot be distin

guished visually, but both the grain-size analysis and especially the heavy 

mineral analysis show that it must be situated around sample 14. The sorting 

of the different samples, which upwards pass from medium sand to medium 

silt, is very good- between 1.24 and 1.39. 
The upper bed of the minerogenic sediments is structureless unstratified 

silt. There are, however, minor variations in the grain-size distribution. The 

tendency towards a higher content of coarser particles near the top and 

bottom of this bed is especially noticeable. The heavy mineral content in 

the 0.063-0.125 mm fraction varies between 12.8 and 18.3% and in the 

0.125-0.250 mm fraction, 14.9-12.6%. The corresponding content in the 
laminated silt is generally lower, viz. 6.2-12.8% and 11.2-16.3%. 

lnterpretation and discussion 

The data indicating the depositional environment must be mentioned before 

an interpretation is presented. An investigation of the diatom flora was 
done by Dr. Maj-Britt Florin. Only the uppermost parts of the unstratified 
silt contained diatoms. These indicated a marine environment. This agrees 
with the discovery of Hystrix in all the pollen spectra in this bed with the 
exception of No. 9. No fossils which could indicate the depositional 

environment were found in the laminated silt, but the structures suggest a 
fresh-water environment. Diatoms were not looked for in the organogenic 
layer in the laminated silt, but (sub)macrofossils of Sphagna acutifolia indet., 

Spaghnum cf. centrale, S. palustre, S. papillosum, S. recurvum coll., S. 

squarrosum, S. teres, Calliergon cf. stramineum and cf. Plagiothecium sp. 

(identified by K.-D. Vorren) show that this is a peat deposit, probably 

formed at the margin of the basin. 

Based on this and what has been mentioned previously, the following 

interpretation of the minerogenic sediments seems most likely. The laminated 

silt was deposited during a period before the ice last covered the area. The 

peat layer was washed into the basin at the same time as the laminated silt 
was deposited. The faulting, inversion and lack of lamination at the top and 

probably also at the bottom of the laminated silt is due to later glacio

tectonic disturbance. 

The graded bed was deposited just after the ice disappeared during 

deglaciation. It was deposited either as a turbidity current or from a 
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suspension which has somehow arisen there. Compared with sub-recent 
turbidities in Norwegian fjords (H. Holtedahl 1965), the graded bed shows 
hetter sorting and also more regular grading. However, Kuenen (1966) has 
produced experimentally, turbidities with as good a sorting. It is nevertheless 
remarkable that this graded bed completely lacks the structures so typical 
of most turbidites (Kuenen 1953). The very regular decrease in heavy 
mineral content does not seem to indicate a turbidite either (Norman 1969), 
but rather sedimentation from a suspension. My interpretation of the graded 

Fig. 4. Part of the core from the laminated silt. The arrow points towards the top 
of the core. Note the faults and the inverted small graded beds. 
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Fig. 5. Part of the core from the laminated silt which shows the organic layer at the 
fault plane X-X. Y marks another fault zone. The arrow points towards the top of 
the core. 

bed is therefore that it was deposited from the suspension which arose just 

after the ice broke up by calving during deglaciation. If this interpretation 

is accepted, an idea of the sedimentation for this graded bed can be 

obtained, using Stokes's law (Krumbein & Pettijohn 1938). With the para

meters found and the conditions which must have prevailed, it must have 
been deposited in ca. 1.5 hours. 

The unstratified silt is a marine sediment deposited during the time until 
the basin was isolated. The gravel content in the samples just above the 
graded bed probably derives from icebergs which must have existed for a 
while after the glacier disappeared there. The content of coarser particles 
near the isolation contact is probably due to the nearness of the shore. 

It can be said against the interpretation put forward that no till occurs 

between the laminated silt and the graded bed. However, the basin is in an 

area where there has chiefly been erosion and where little till has therefore 

been deposited. It is thus all the more surprising that the older sediments 

have remained at all after the glacier has been over the area. The chief 

reason for this must be the sheltered position of the basin in relation to the 

dominant ice movements along the fjord. 

Biostratigraphy 
Methods 
The pollen samples in the organic deposits were prepared by Erdtman's 

acetolysis method (Fægri & Iversen 1966). The samples from the minero-
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genic sediments were boiled in KOH and washed several times in alcohol 
(96% ). The organogenic part was then separated out using bromoform 

diluted with alcohol to sp.gr. 2.4. It was then decanted and re-washed 
several times with alcohol befare being acetolised. Parallel specimens were 
prepared with HF to check the method. No significant differences in pollen 
frequency were apparent. However, there was a marked underrepresentation 
of Hystrix in the sameles prepared with bromoform. The reason for this 
is probably that it has been carried down with the 'heavy fraction' on 
account of its irregular morphology. On the other hand it seems that 
treatment with HF affects the less resistant pollen grains and partly also 
the spores. Other chief advantages with using the bromoform preparation are 
that it is quicker and gives a deaner preparation. 

Except for spectrum 3, which was taken from the peat layer, the absolute 
pollen frequency in the laminated silt was very small in contrast to that in 
the unstratified silt. Apart from spectra 7 and 3, it was necessary to make 
two preparations, each with 0.5-1 cms material, in order to obtain enough 
material for statistical analysis. Even this was not sufficient for spectrum 1. 

D. Moe and P. E. Kaland have helped with the pollen identification. The 
construction of the diagram is mainly based on Mangerud (1970 b, Pl. 1). 
Trees and bushes make up the AP constituents. The AP diagram gives the 
percentage of the individual constituent based on AP. Herbs and nanolig
nides and graminides make up the NAP constituents and the calculation is 
based on Z AP + Z NAP = Total. The calculation of the percentage of 
spores is based on Total + I spores and of pollen from water plants on 
Total + Z AqP. 

V egetation and climate 

Based on the relative pollen frequencies, the spectra in the laminated silt 
can be divided into two groups which must derive from two widely differing 
vegetation periods. Spectra 1, 3, 5 and 7 can be put in group l, which mainly 
represents redeposited fossils, and the rest of the spectra in group Il, which 
derives chiefly from the flora when the laminated silt was deposited. 

Group I. - The pollen spectra in this group are primarily characterized by 
the high content of Filicinae and Alnus. Spectrum 3 from the peat layer h. 

probably the only one in the group that represents the pollen rain from a 
definite time interval. The flora represented here is a thick deciduous forest 
with a subvegetation of bracken. Unfortunately, it was impossible to 
determine the Alnus species. If, however, this spectrum is compared with 
spectra 40-44 in the Holocene stratigraphy, there are general similarities, 
and the existence here of Alnus glutinosa is verified by the seed content 
(identified by P. Tallantire) . This, together with the relatively high content of 
Filicinae and Filipendula plus a high Corylus frequency and the occurrence 
of Ulmus, suggests that pollen spectrum 3 represents a relatively warm, 
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humid climate. The Tilia content is so low that it is doubtful whether it has 
grown here. 

The other three spectra in this group also probably reflect some of the 
pollen rain from the time the laminated silt was deposited, especially 
spectrum 5 with its high Gramineae and Rumex content. Nevertheless, the 
main pollen element probably derives from earlier organogenic deposits 
which have been redeposited. The occurrence of Picea and Acer in these 
spectra is interesting. Spontaneous Acer occurrences are not found in west 
Norway at present (Lid 1963}, while occurrences of Picea in west Norway, 
studied by Fægri (1950}, have established themselves during the last 1000 
years. 

Group Il. - The spectra in this group are characterized by high percentages 
of Betula and, except for spectrum 2, by a large NAP element consisting 
mainly of Gramineae and Rumex. The Corylus pollen in these spectra are 
corroded and probably secondary. This is, to a lesser extent, the case with 
the Alnus pollen. The pollen content is thus extremely similar to the early 
postglacial spectra, 10-15, which reflect an open vegetation. However, as 
regards the existence of Pinus, there may have been a difference. The 
relatively high pollen frequencies of Pinus in the postglacial spectra are 
probably due to marine overrepresentation (Florin 1945} rather than the 
presence of the species. If it is true that the laminated silt is lacustrine, then 
Pinus may have grown not very far from the basin while the silt was being 
deposited. 

Age 
The lithostratigraphy indicates that the stratified silt deposits are older than 
the last glacier advance. Since no positive evidence is at hand of an inter
stadial in Europe with climate sufficiently favourable to have contained the 
vegetation reflected by the pollen spectra in group I, it must be assumed 
that they a�p of interglacial age (Frenzel 1967, Mangerud 1970a). On 
glacial-geoløtical grounds, it seems unlikely that the deposits could have 
survived two lee Ages. There is therefore good reason to believe that the 
pollen in these spectra is of Eemian age. Mangerud's (1970a} pollen spectra, 
of assumed Late Eem age, from a locality near Bergen, are the only inter
glacial spectra yet published from Norway. The spectra, with their high 
Picea content, have a different character to those found here and are 
therefore probably from a different period of the Eem. Thus for doser 
dating, especially of spectrum 3, which in my opinion is a pure spectrum, 
comparison must be made with Denmark where a more complete picture of 
Eemian vegetation is available. The spectrum resembles greatest the spectra 
in zone 4 in Andersen's (1965) terminology or Jessen & Milthers' (1928) 
zone f. There was also much Quercus in this zone in Denmark. However, 
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during the Eem, Quercus may only have been sparsely represented in ioner 

Sogn as was the case also during the Holocene (Vorren 1970, Bergstrøm 

1971). 

As regards the other spectra in the group, the occurrence of Picea and 

Acer indicates that this pollen derives from somewhat younger Eemian 

deposits. 
The pollen spectra in group Il give evidence of completely different 

climatic conditions and are of such type that they must be referred to an 

interstadial or the end or beginning of an interglacial. A doser date can 
only be guessed at. Taking everything into consideration, I find that they 

most likely derive from an early interstadial of the Weichsel. 

Conclusion 

The sediments and their fossil content suggest the following development: 

The basin existed during the Eem. It was probably filled with organogenic 

sediments at the end of this interglacial. In the middle part of the Eem, zone 

4 in Andersen (1965) or zone f in Jessen & Milthers' (1928) system, the 

vegetation in this region consisted of thick alder forest, probably black alder, 

with a subvegetation of bracken. Hazel and eim grew in drier places. Some

what later, both spruce and maple possibly grew here. 

At the beginning of the Weichsel, a glacier advance eroded away most of 

the Eemian sediments. 

During a later ice-free period, laminated silt was deposited in the basin. 
With it pollen from the contemporaneous open vegetation was deposited. 

In addition, Eemian pollen and peat, which bad not been transported far 
by the preceding glacier advance, was redeposited. 

Later, during the Weichsel, there were new glacier advances over the 
basin. These disturbed the earlier deposited laminated silt. 

After the Weichsel glaciers disappeared from the basin, at a relative sea 
level of ca. 130 m a.s.l., unstratified silt was deposited in the small bay 
which then existed. Later, after the basin became isolated, it was fille� with 
organogenic material. The isolation contact was C14 dated to 10,520 ,± 450 

B.P. 
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