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Stratigraphical studies, including radiocarbon dating of molluscs in marine sediments below a till bed at Dobbe near Kragerø in 
Telemark, show that the ice front advanced at !east lO km, and most likely 17-18 km, to form the very distinct Younger Dryas 
(Ra) end moraines. The advance across the Dobbe locality took place after 11,300 years BP and the Younger Dryas end moraines 
were most likely deposited between 11,000 and 10,600 years BP. In the adjacent Oslofjord region, there is no evidence of a major 
glacier advance to the corresponding large Ra end moraines. The strilcing variation in glacier behaviour in these regions were most 
likely caused by higher snow accumulation in the western part of the ice sheet compared to that of central southeastern Norway. 
An active ice dome was built up on the south western part of the Hardangervidda mountain plateau, which affected the ice streams 
in the western part of South Norway and resulted in the glacier readvance in the coastal area of Telemark and southwestern 
Vestfold. 

Bjørn Bergstrøm, Geo/ogica/ Survey of Norway, P. O. Box 3006, Lade, N- 7002 Trondheim, Norway 

The climatic deterioration at the end of the Allerød and 
the beginning of the Younger Dryas Chrons ( terminol
ogy according to Nystuen 1 989) caused an increased 
glacial activity of the Scandinavian ice sheet (Lundqvist 
1987, 1 990; Mangerud 1980), particularly in the western 
area. The effect was that of a considerable glacier read
vance in some parts of the ice-marginal zones in Scandi
navia ( Fig. 1 ) .  In southern Finland, the ice margin 
advanced several tens of kilometres to the First Salpaus
selka early in the Younger Dryas Chron (Raino 1 985, 
1 99 1 ) .  Johansson ( 1 982) and Bjorck & Digerfeldt ( 1 984) 
have demonstrated a readvance of a few kilometres in 
western Sweden, which in the Billingen area implied a 
redamming of the Baltic lee Lake. 

In Norway, stratigraphical evidence of two significant 
glacier readvances has been found in the western and the 
central part of the country. A late Allerød/early Younger 
Dryas readvance ex ten ding beyond the distinct Y ounger 
Dryas terminal moraines has been recorded in Ryfylke 
(Anundsen 1977; Blystad & Anundsen 1 983), at Stord, 
Hordaland (Sindre 1 980) and in Nordfjord (Mangerud 
et al. 1 979; Rye et al. 1987). No ice-marginal deposits 
correlative with this early advance have been observed. 
The major glacier readvance in this part of the country 
occurred during the late Y o unger Dryas Chron, which 
created the most prominent terminal moraines in western 
Norway. An early Younger Dryas readvance has also 
been recorded in the Trondheimsfjord area, Trøndelag 
Reite et al. 1 982; Reite 1 994. However, in contrast to 
western Norway, very distinct ice-marginal moraines (the 
Tautra Moraines) were formed during this advance. A 
younger advance occurred during the second half of the 
Y o unger Dryas Chron and marginal deposits (the Hok
!ingen Moraines) were formed proximally to the Tautra 
Moraines. 

Only small oscillations of the ice margin have previ
ously been stratigraphically recorded in the southeastern 
part of Norway (Andersen 1 965; Sørensen 1 979, 1983). 
Mangerud ( 1 980) concluded that no major readvance 
occurred during the Y o unger Dryas Chron in the 
Oslofjord area. In recent years, mapping of superficial 
deposits by the Geological Survey of Norway has pro
vided new information about stratigraphy and deglacia
tion in the coastal area west of the Oslofjord ( Dahl et al. 
in prep; Klakegg & Sørensen 199 1 ;  Bergstrøm 1 996a). 
Sørensen ( 1992) suggested a major glacier oscillation in 
Vestfold during the late Allerød-early Younger Dryas, 
generally based on ice movements, topography and 
present distribution of marine clays. 

At Dobbe, near Kragerø in southwestern Telemark 
( Fig. l ), a section in submoraine shell-bearing glacio
marine sediments was studied during the mapping and 
evidence of a considerable glacier readvance during the 
Younger Dryas Chron was found ( Bergstrøm 1 996b). 
The results of the stratigraphical investigations are pre
sented in this article. The deglaciation in the area during 
the Allerød and the first half of the Y ounger Dryas 
Chrons is tentatively reconstructed. 

The Dobbe locality 

The coastal area of Telemark is characterized by a low, 
hilly terrain dissected by a network of narrow fissure 
valleys and irregular depressions, often with steep slopes. 
Most of the area is dominated by exposed bedrock, 
mostly Precambrian gneisses. Superficial deposits are 
mainly situated in the valleys and the depressions.  The 
studied section in the submoraine glaciomarine sediments 
is located in a grave! pit, 63 -75 m a.s. l at Dobbe, about 
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Fig. I. A. The major Younger Dryas ice-marginal lines around the southern part of the Scandinavian ice sheet. lee divide (shaded areas), ice domes (black areas) and 
ice ftow lines (arrows) in South Norway during the Younger Dryas Chron (after Sollid & Reite 1983). B. The tentative Allerød line of ice recession in the 
Kragerø-Langesundsfjord region (thick dashed line), corresponding to the Slagen-Onsøy moraines (S) in the Oslofjord area. The thin dashed lines indicate the older 
recession lines on the western side of outer Oslofjord. 

l O km south west of Kragerø and l O km proximal of the 
distinct Ra marginal moraine ridges at the coast (Fig. l ). 
The locality is situated in a stoss-side position on the 
eastern slope of a narrow valley striking south towards 
the coast. The pass at the head of the valley Iies at about 
90 m a.s. l .  and the highest point on the adjacent hills is 
1 87 m a.s. l .  The marine limit is 1 25 m a. s. l .  which means 
that most of the area was covered by the sea during the 
deglaciation. 

Lithology 

The studied section is divided into seven lithostrati
graphic units. A general view of the section and the units 
is shown in Fig. 2. In Fig. 3, a stratigraphic log is 
presented from the southern part of the section, where 
the exposure was excavated 3 m deeper by machine. 
Bedrock was only reached at the bottom of the excava
tion dose to the inner wall. 
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Fig. 2. The studied section at Dobbe, divided into seven lithostratigraphic units. Fabric data from a basal till (Unit 4) indicates ice fiows towards the ESE-SE during 
the Y o unger Dryas advance. Striated bedrock, exposed at the bottom of the southern part of the section (lower part of Unit l), indicates an older southerly ice fiow 
direction. A stratigraphical log from the southern part of the section is presented in Fig. 3. 

Unit l - silt and sand 

Striated bedrock was partly exposed at the bottom of 
this unit in the inner and southern part of the section 
(Fig. 2). The striations indicate ice movements towards 
the S and SSE. The lower 2 m of Unit l consists of a 
homogeneous bed of blue sandy silt with a clay content 
of 10- 1 5% ( Fig. 3). A few boulders were observed, 
indicating supply of material in to the sediment, pro ba bly 
from icebergs. No fossils were found in the bed. 

Above the silt sediment there is a horizontally bedded 
and well-sorted gravelly sand, which contains a few 
boulders and cobbles . The contact to the underlying silt 
is distinct and indicates a rapid change in the deposi
tional environment. 

Unit l is interpreted as material deposited in a sub
marine environment in front of a glacier. The general 
upward coarsening in the sediment indicates that the 
glacier was probably advancing. 

Unit 2 - grey diamicton 

A grey diamicton with a complex texture is found on the 
top of the gravelly sand. The thickness varies from 20 cm 

up to 1 50 cm in the exposed southern part of the section. 
Parts of the unit are rich in stones and boulders, the 
!argest boulder measured to l m3• Deformed sedimentary 
structures are observed and indicate a glaciomarine or 
glaciofluvial origin. 

Unit 2 interpreted as an ice proximal diamicton, prob
ably deposited by an overriding ice margin or a large 
iceberg. Most of the material in this unit is assumed to be 
a basal meltout till . 

Units l and 2 indicate a minor readvance or oscillation 
of the ice margin during the general recession (probably 
in the Allerød Chron). 

Unit 3 - clayey silt 
The diamicton ( Unit 2) is covered by up to 3 m  of 
compact clayey silt with some layers of sandy silt. The 
colour of the lower and rniddle part of the unit is blue, 
while the upper 75 cm is brown. The grain-size distribu
tion shows a poorly sorted sandy silt and clayey silt. 
Boulders, cobbles and pebbles are found throughout the 
whole unit. A lO cm thick layer of silty sand with pebbles 
ex ten ds over a distance of 8 - l  O m in the rniddle part of 
the unit. 
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Fig. 3. Stratigraphical log from the southern part of the studied section at Dobbe (see Fig. 2). Unit 4, interpreted as a basal till, is not shown in this log. 

Shells and shell fragments occur in the lower and of the unit there are more poorly preserved fragments of 
middle parts of the unit, and are particularly abundant in shells. Above the sand layer, only one preserved shell 
the pebble-rich sand layer where various species are fragment was observed. Here, only imprints of shell 
present and mostly well preserved. Even paired valves in fragments occur. The shell car bona te is dissolved by 
their position of growth have been found. Near the base oxidation of percolating groundwater. The upper part of 
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the brownish silt is tectonized and compressed, and there 
are no signs of shells. Foraminifera are abundant in most 
of the lower and middle parts of the unit, but they are 
not present in the brownish oxidized upper part. 

Unit 3 is interpreted as a glaciomarine sediment, de
posited in an ice-free period when the ice-margin had 
receded to a more distal position. The boulders and 
stones are probably ice-dropped material. The compres
sive deformation of the upper part indicates that the 
sediments were subsequently overriden by the glacier. 

Unit 4 - brownish grey diamicton 

This unit is only found in the northem part of the section 
(Fig. 2) and consequently not presented in the log (Fig. 
3). The lower contact of this unit is distinct and ero
sional. The material consists of a sandy matrix with 
scattered clasts and some deformed beds of sorted sand. 
Most of the clasts are of pebble size but a few cobbles 
and boulders are observed. Two pebble fabric analyses 
were carried on (Fig. 2). The orientation indicates ice 
flow towards ESE and SE. The northem fabric analysis 
also indicates a southerly ice flow direction. Imprints of 
shells were observed in the lower part of the diamicton. 

The diamicton in Unit 4 is interpreted as a basal till 
deposited during an early phase of the readvance of the 
ice. Shell fragments were picked up by the ice and 
incorporated into the lower part of the till. 

Unit 5 - bedded sand 

This unit is a light brownish sand exposed only in the 
middle and southem parts of the section. The boundary 
between this unit and Unit 3 in the southem part of the 
section is very sharp, probably as a result of erosion. In 
the middle part, the sand overlies the brownish grey till, 
Unit 4. The sand is consolidated and well sorted. Only a 
few scattered pebbles and cobbles occur. The primary 
structures are locally very folded and sheared which 
indicate glaciotectonism. 

The sediments in Unit 5 are interpreted as a glacioflu
vial sand deposited in front of the glacier during a minor 
oscillation of the ice front. 

Unit 6 - deformed brownish grey diamicton 

A brownish grey diamicton was found in the southem 
and northem parts of the section. The diamicton is very 
compact and consists of a sandy matrix with scattered 
clasts. Most of the clasts are of pebble size but a few 
cobbles and boulders were observed. Deformed layers 
and laminae of sorted sand silt frequently occur, particu
larly in the northem part of the section. Lenses of fine 
sand and silt are common in the southem part. 

The diamicton is interpreted as a deformation till, 
deposited during the glacier readvance in the Y o unger 
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Dryas. The sorted sediments, indicating a glaciofluvial or 
glaciomarine origin, were most likely picked up by the 
glacier and incorporated into the till. 

Unit 7 - shallow marine sand 

A thin and discontinuous cover of postglacial shallow 
marine sand, mainly gravelly sand, Iies on top of the 
section. The cover becomes thicker towards the lower 
part of the slope, and is exposed in the northern part of 
the section (Fig. 2). 

Biostratigraphy 

Pollen 

The pollen concentrations in the sediments are very low 
(less than 2800 grains cm-3.) Only a few grains of Pinus, 
Betula, Salix, Poaceae, Cyperaceae, Artemisia and 
Chenopodiaceae are found, mainly represented in the 
middle part of the glaciomarine sediments, Unit 3. Some 
of the pollen grains, particularly the pine pollen, have 
obviously been transported over a relatively long dis
tance. It is not possible to conclude from the few pollen 
grains observed what type of vegetation existed in the 
area during the Allerød ice-free period when Unit 3 was 
deposited. Only a few islands were protruding from the 
sea beyond the ice margin. 

Foraminifera 

Twelve samples from the glaciomarine sediments (Unit 
3) and one sample from the lowest unit were examined 
for their content of foraminifera. The samples were 
prepared using the method described by Feyling-Hansen 
( 1 958) .  The fraction between 0. 1 25 and l mm was 
analysed. All foraminifera in the samples were benthic 
and mostly well preserved. The distribution of five char
acteristic species observed in Unit 3 are plotted in Fig. 4 
together with some faunal parameters. 

The sample from the sandy silt in Unit l contained no 
foraminifera. Meltwater streams loaded with minero
genic material from the glacier did not give favourable 
ecological conditions for foraminifera when this unit was 
deposited. 

The foraminiferal assemblage in Unit 3 is dominated 
by arctic species, with Elphidium excavatum, f clavata as 
the most common one. This indicates a deposition rela
tively near the ice-front in low salinity water caused by 
large amounts of meltwater. A relatively high frequency 
of Cassidulina reniforme in some samples reflects a more 
normal salinity in the seawater during some depositional 
periods. 

The number of individuals increases from zero at the 
bottom of the unit to nearly 5000 per l 00 g sediment in 
the middle part of the blue clayey silt at about 68.3 m 
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Fig. 4. Stratigraphical distribution of five characteristic species of benthic foraminifera in Unit 3 (glaciomarine sediments). The diagram also illustrates the dominance, 
faunal diversity, the number of species per sample and the total num ber of individuals per 100 g sediment. 

a.s.l. (Fig. 4). A sudden drop in the number of individu
als above this level indicates increasing sedimentation 
rates or less favourable ecological conditions. No 
foraminifera occur in the samples above 69.5 m a.s.l., 
probably due to leaching in the upper oxidized part of 
Unit 3. 

In the upper two samples analysed, Nonion labra
doricum becomes the dominant species, which probably 
reflects a relatively cairn and more stable sedimentation 
environment. Such an environment could either be 
caused by a rising sea level with reduced wave washing 
and lower intensity bottom currents or by a posttlon 
more distal and protected from the ice front and the 
associated meltwater streams. 

Marine molluscs 

Marine molluscs have been found throughout the 
glaciomarine sediments in Unit 3, except in the upper 
part, where leaching has occurred in the oxidized zone. 
However, many imprints of shells and shell fragments 
were found in this brown, oxidized zone. No fossils occur 
in the tectonized uppermost part of the unit. 

Hiatella arctica dominates the lowest samples (l, 2, 3) 
of the glaciomarine sediments ( the numbers ref er to Fig. 
4). Macoma calcarea is also represented and increases in 
number upwards in the stratigraphy to become the most 
dominating species in samples 4- 7. Other species, such 
as Chlamys islandica, Mytilus edulis and Ba/anus sp. 

occur from sample 3 upwards. Sample 8 from the sand 
and gravel-rich layer at 69 m a.s.l. contains a large 
number of shells of different species. In addition to the 
species mentioned above, this shell-rich layer contains 
thick-walled Mya truncata, which dominates the assem
blage. A few species of Hiatella arctica in a growing 
position were also found. Above the shell-rich layer, only 
imprints of shells were observed with the exception of 
one shell fragment, which was radiocarbon dated (Fig. 
3). In addition to previously idenitfied molluscs, imprints 
of Nuculana pernula were found. 

The relatively high faunal diversity in the middle part 
of the glaciomarine sediments indicates more favourable 
ecological conditions. The occurrence of Mytilus edulis in 
sample 8 indicates that the oceanographic Polar Front 
was situated north of the Kragerø region ( Mangerud 
1977). This means that warm Atlantic water had reached 
the southern coast of Norway by 1 1,400-11,300 years 
BP. The water was probably slightly colder than today 
since Chlamys islandica occurs, and because this mollusc 
does not live, at present, in open water south of Lofoten, 
North Norway. 

Radiocarbon dates 

Three radiocarbon datings have been carried out on 
shells from the glaciomarine sediments ( clayey silt), Unit 
3 (Fig. 3). The dates are corrected both for isotopic 
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fractionation and for a marine reservoir age of 440 years 
(Mangerud & Gulliksen 1 975). Accelerator Mass Spec
trometry ( AMS) was used in da ting two of the shell 
samples, UtC-222 1 and UtC-2222 (Van de Graaff Labo
ratorium, Utrecht). They were from the lower and upper 
parts of Unit 3 and the dates were 1 1 ,4 60 ± 90 years BP 
and 1 1 ,3 60 ± 150 years BP respectively. 

The conventional radiocarbon method was used on the 
third date (T-9489), which was carried out at the Radio
logical Dating Laboratory in Trondheim. This sample 
was from the shell-rich, sandy layer in the middle part of 
Unit 3 and the dated shells were Mya truncata. The 
result was 11,295 ± 60 years BP. 

lee movements 

The oldest ice movements based on general observations 
of glacial striations in the Kragerø region were directed 
towards the SSE. Subsequently, the ice flows gradually 
turned towards the southeast, the predominating ice 
direction during the Y o unger Dryas glacial advance in 
the area. 

In the Dobbe section, exposed bedrock with well-pre
served striae was observed at the bottom of Unit l (Fig. 
2). The stratigraphical position indicates that these striae 
originate from ice movements older than the Allerød 
ice-free period and the Y ounger Dryas ice advance. The 
oldest striations found on this exposure indicate an ice 
movement towards the south. They probably represent 
the oldest ice flow direction detected in the area, possibly 
dating from the Late Weichselian maximum. The 
younger striations orientated towards the SSE (270-
280g) are correlated with the oldest ice movements previ
ously observed in the Kragerø region. 

The till fabric (Fl) obtained in the lower part of Unit 
4, may indicate an initial flow direction of the advancing 
ice towards the south, probably directed by the N-S 
orientated valley. Subsequently, when the ice became 
thicker and less influenced by the local topography, the 
flow direction gradually turned towards the southeast. 
The preferred fabric in the upper part of the Unit 4 (F2) 
supports this subsequent southeasterly ice flow. This 
fabric also indicates a more easterly ice direction during 
the deposition of the upper part of this till unit. 

Glacier recession and readvance in the 
Dobbe area 

The stratigraphy and the radiocarbon dates from the 
Dobbe locality show that an ice recession took place in 
the areas behind the Ra moraines during the Allerød 
Chron. The Dobbe area was deglaciated before 1 1 ,4 60 ± 
90 years BP. The underlying sediments with the coarsen
ing-upward sequence from sandy silt at the bottom to an 
overlying gravelly sand and a boulder-rich diamicton, 
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indicate an earlier ice-free period with advances or oscil
lations of the ice front. 

The ice-free period at Dobbe lasted until at !east 
11 ,3 60 ± 150 or 1 1 ,295 ± 60 years BP. The results from 
the Dobbe locality indicate that the ice-margin receded 
to a minimum of l O km behind the zone of the Ra 
moraines in the Allerød Chron. During the recession, the 
ice-margin was mostly situated in open sea and calving 
was the most important ablation process. There are 
topographical features which indicate that the recession 
continued to the higher ground at Sannidal, 7-8 km 
inside Dobbe (Fig. 5), where the floating marginal part 
of the ice became grounded. This means that the ice 
margin during the Allerød Chron most likely retreated at 
least 1 7-18  km behind the Ra moraines in the Kragerø 
area. Most of the ice-free coastal areas were covered by 
the sea. Only a few small islands protruded above the sea 
level (probably 125-1 30 m above present sea level). 

The final readvance of the ice margin to the Ra 
moraines occurred some time after the deposition of the 
youngest dated shells in the glaciomarine sediments, i.e. 
about 1 1 ,300 years BP. According to radiocarbon dat
ings of shells in the Ra moraines in Vestfold and the 
Oslofjord area (Sørensen 1 983, 1 992), the formation of 
the Ra moraines started about 1 1 ,000 years BP. This 
means that the major glacier readvance in the Dobbe 
area most likely occurred between 11,300 and 1 1 ,000 BP, 
i.e. at the end of the Allerød Chron. 

At the outer limit of the advance, the prominent Ra 
end moraines were formed. They occur as very marked 
submarine ridges which appear above sea leve! on Jom
fruland island off the coast of Kragerø. The Jomfruland 
moraines consist of a consolidated boulder clay contain
ing shell fragments. Radiocarbon dating (AMS) of Port
landia arctica from the uppermost part of the moraine 
ridge gave an age of 10, 690 ± 1 50 years BP (UtC-2220), 
which gives a maximum age of the final glacier retreat 
from Jomfruland and the Ra moraines. 

Regional deglaciation and correlations 

From the maximum position in Denmark, the ice margin 
retreated northward across Skagerrak towards Norway 
and reached the southeastern coast and the outer 
Oslofjord area before the Allerød Chron. On the western 
side of Oslofjord, the oldest marginal moraines were 
deposited at Tjøme 12,000-12,300 years BP (minimum 
age 1 1 ,975 ± 155 years BP, Bergstrøm et al. 1 992). The 
outer Oslofjord basin was rapidly deglaciated mainly due 
to intensive calving (Sørensen 1 979, 1 983 ; Lundqvist 
1 988). When the ice front reached the higher ground on 
the coast southwest of Oslofjord, the ice recession oc
curred more slowly. The oldest ice-marginal lines ap
proach each other towards the Langesund fjord (Fig. l). 

The Slagen-Onsøy moraines, which have been dated 
at about 11 ,300 years BP (Sørensen 1979), cross 
Oslofjord outside the position of the Ra moraines (Fig. 
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Fig. 5. The assumed inner position of the ice margin during the recession in the Allerød Chron in the Kragerø coastal area. The line A-B is a topographic cross-profile 

from the submarine Ra moraines off the coast to the low hills in the NE. 

1). Towards the west, the old ice-marginal lines are cut 
by the Ra moraines and then disappear. Obviously the 
Slagen-Onsøy ice front continued westwards proximal 
to the Ra moraines along a line strongly controlled by 
topography and calving at the front. 

In the Kragerø area, the ice margin was situated to the 
north of Dobbe before 1 1 ,4 60 ± 90 years BP. The margin 
was probably located at the topographical break about 

1 7- 1 8  km from the Ra moraines during the Slagen
Onsøy event (as indicated in Fig. 1 ). During the late 
Allerød and early Y o unger Dryas Chrons, the glacier in 
the Kragerø area readvanced. 

According to Sørensen ( 1 979, 1 983 and 1 992), the ice 
front in the Oslofjord area retreated from the Onsøy
Slagen moraines after 1 1  ,300 years BP and reached a 
position corresponding approxirnately with the present 
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position of the Ra moraines at about 1 1 ,000 years BP. 
No evidence of a significant readvance to the Ra 
moraines has been found in this area. 

The different modes of deglaciation in the Oslofjord 
basin and the Kragerø area were a consequence of the 
climatic deterioration at the end of Allerød and the 
following change of glacial activity in southern Norway. 
Increasing precipitation and a net accumulation of snow 
affected the western part of the ice sheet, and an active 
ice dome was built up on the southwestern part of the 
Hardangervidda mountain plateau (Vorren 1 977 ; Sollid 
& Sørbel 1 981). lee streams from this outflow centre 
resulted in the glacier readvance in the coastal area of 
Telemark and southwestern Vestfold. 

In the Oslofjord basin, the influence of the western ice 
dome was less significant (Sørensen 1 983). lee streams, 
derived from the less active but still present ice culrnina
tion zones in the central parts of eastern Norway, were 
the main nourishment and caused a relatively low ice
marginal response to the dimatic change. 

The activation of the ice culmination zone on the 
southwestern Hardangervidda, which resulted in the 
early Y o unger Dryas readvance in the Kragerø district, 
should presumably have produced a corresponding 
glacial advance in the areas to the west and southwest of 
the ice shed. However, the most distinctive Y o unger 
Dryas end moraines in southwestern Norway were 
formed by a younger major readvance, possibly during 
the second half of the Y o unger Dryas Chron (after 
10,500 years BP) (Mangerud 1970). Evidence of an early 
Y o unger Dryas readvance has been found in only a few 
places, but no corresponding marginal deposits to these 
early readvances have been observed (Anundsen 1 977 ; 
Blystad & Anundsen 1 983). This indicates rapid, but 
short-lived glacier readvances, induced by prevailing hu
mid winds from the west which caused a rapid increase in 
snow accumulation on the western side of the ice shed. 
On the eastern side, the ice conditions were more stable 
and the culmination zone built up more slowly. The ice 
flows reacted more gradually and the major readvance 
started when a considerable increase in the accumulation 
area occurred. 

Conclusions 

l. Radiocarbon dates of molluscs from submoraine 
glaciomarine sediments at Dobbe near Kragerø indicate 
that the area was deglaciated during the Allerød Chron. 
The ice-free period at Dobbe started before 1 1 ,4 60 ± 90 
years BP and ended after Il ,300 years BP when the 
glacier readvanced and overrode the area. 
2. The exact inner position of the ice margin during the 
main retreat in the Allerød Chron is not known. The ice 
margin retreated at least lO km behind the Ra moraine 
ridges but most likely the glaciers were calving to the 
topographic break where the low-lying coastal plain 
grades into a higher upland area. This means that the ice 
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margin retreated at least 1 7- 1 8  km inland from the Ra 
moraines. 
3. The glacier readvance started at the end of the 
Allerød (after Il ,300 years BP) and terrninated off the 
coast where the Ra moraines were formed. Radiocarbon 
dates from Jomfruland and other parts of the Ra 
moraines southwest of Oslofjord indicate that the Ra 
period lasted to about 10, 600 years BP when the ice 
recession started again. 
4. The occurrence of Mytilus edulis in the glaciomarine 
sediments at Dobbe indicates the presence of relatively 
warm Atlantic water in the Skagerrak area in the late 
Allerød Chron (a bo ut I l  ,300 BP). The Polar Front was 
situated north of the coast of Skagerrak at that time. 
However, the presence of Chlamys islandica indicates 
that the water was colder than it is today. The distribu
tion of foraminifera indicates a variable sedimentation 
environment and salinity due to the shifting position of 
the ice front. 
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