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Abstract

The retreat of the Late Weichselian ice sheet over the southern part of Sweden is marked along the southwest coast by distinct
marginal moraine ridges. Their timing can directly and indirectly be assessed based on a number of radiocarbon dates and pollen
stratigraphic investigations on lake sediment sequences adjacent to the ice marginal lines. Along the southeastern side of the
peninsula, the ice recession has been reconstructed based on a combination of clay-varve chronology, pollen and radiocarbon
stratigraphy. A morphological correlation of ice marginal lines between the west and east coast is problematic since the distinct
west-coast moraines cannot be followed through the central part of the peninsula towards the east coast. This paper is an attempt to
reconstruct an age-equivalent west}east extension of the ice-recession lines on the basis of existing data sets. For our correlation we
use calibrated radiocarbon ages for ice marginal deposits on the west coast and compare these with a partly radiocarbon-dated
clay-varve chronology on the east coast. We conclude that the two oldest moraines on the west coast formed at&18,000}16,000 and
&15,400}14,500cal yr BP, respectively. During the following rapid deglaciation, which may have coincided with the beginning of the
B+lling pollen zone, large parts of southernmost Sweden became ice free, except for higher elevated areas, where stagnant ice remained
for another 400}500 yr. A best guess is that the formation of the next younger ice marginal lines may have occurred at
&14,400}14,200, &14,200 and &13,400 cal yr BP and during the Younger Dryas cold event. � 2001 Elsevier Science Ltd. All
rights reserved.

1. Introduction

The southernmost part of Sweden is a slightly undula-
ting highland reaching altitudes of between 350 and
400m a.s.l. in its central part. From there it slopes regu-
larly towards the Baltic Sea in the east and south, and to
the Kattegat of the North Sea in the west. Southern
Sweden became gradually ice free during the LateWeich-
selian, but due to isostatic land uplift, large areas along
the east and west coast became only gradually isolated
from the sea.
The retreat of the last Weichselian ice sheet, as it is
commonly illustrated in overviews such as e.g. Nilsson
(1968), Berglund (1979), Berglund and MoK rner (1984),
BjoK rck et al. (1988) and Lagerlund et al. (1983), and lately
in the National Atlas of Sweden (Lundqvist, 1994), shows
an ice margin extending east}west across southern

Sweden and the Baltic Sea and receding northwards. It is
depicted with a convex front over the South Swedish
highland and in the Baltic with either ice lobes extending
southwards, or calving bays over the deeper parts of the
sea and zones of stagnant ice in northern Blekinge and
southern Sma� land (BjoK rck and MoK ller, 1987; BjoK rck
et al., 1988).
Since the publication of these reconstructions new data
sets have become available, which were used to revise the
age and extension of the ice marginal lines in the new
edition of the National Atlas (FredeH n, 1998). Compared
to earlier ice marginal reconstructions, the recent illustra-
tion attempted to assign radiocarbon years, calibrated
years and clay-varve years to the di!erent ice marginal
lines. However, at the same time it became evident
that a realistic geographical reconstruction of the timing
of the ice recession and a correlation between the ice
margins in southwestern and southeastern Sweden is
more complex and still hampered by a number of
problems.
In southwestern Sweden more or less continuous
moraines show the extension of the di!erent ice margins
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Fig. 1. (A) Map over northern Europe and (B) southern Sweden showing the direction of the di!erent ice marginal lines in southwestern Sweden and
the localities discussed in the text. Solid lines indicate that the position of the ice marginal lines is clear and long dashed lines mark hypothetical ice
margins; 1"extension of the HCM according to Lagerlund and Houmark-Nielsen (1993), 2"extension of the GoK teborg Moraine according to
Lagerlund et al., 1983) and Andersson (1998), 3"extension of the GoK teborg Moraine according to Hillefors (1975, 1979). Large squares mark the
location of the di!erent local varve chronologies: 4 Nilsson (1968); Ising (submitted), 5 Ringberg (1991), 6 Ringberg and Rudmark (1985), 7 Wohlfarth
et al. (1998), 8 Kristiansson (1986), 9 StroK mberg (1994), Brunnberg (1995). Filled circles: localities mentioned in the text; "lled triangles: elevated areas.

with fairly good accuracy (Fig. 1). These moraines con-
tinue into Norway, and the Younger Dryas line can be
followed all along the Atlantic coast, around northern
Scandinavia and the Kola Peninsula and into Karelia
and Finland. The moraines in southwestern Sweden were
mostly formed in a marine environment. Their age has
been inferred either through radiocarbon dates on rewor-
ked fossil molluscs enclosed in the moraines, through

a correlation with shorelines, dated in the same way or
through radiocarbon dates on and pollen stratigraphic
analysis of the bottom layers in lake sediments situated in
close proximity to the di!erent ice marginal lines.
In southeastern Sweden, the timing of the ice recession
has traditionally been based on a clay-varve chronology
(Fig. 1) and only recently have attempts been made to
AMS ��C date plant macrofossils extracted from the
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varved clays (Wohlfarth et al., 1995, 1998a). Based on
major revisions by Cato (1987) and StroK mberg (1989),
it has been assumed, that the Swedish varve chonology
can be regarded as a continuous annual chronology
(Wohlfarth et al., 1995). However, it has become evident
that major problems still exist and that several hundred
years are still missing (Wohlfarth et al., 1997, 1998a;
AndreH n et al., 1999; Goslar et al., 1999), which makes it
impossible at present to assign calendar years to the Late
Weichselian part of the chronology.
In the interior of southern Sweden the situation is even
more complex. Moraine ridges are often di$cult to trace
or not developed, because large parts of the area appear
to have been covered by stagnant ice (e.g. BjoK rck and
MoK ller, 1987). Radiocarbon dates are not available for
the glacial deposits and lake sediments have been studied
at only a few sites in order to determine the date of
deglaciation.
Here, we attempt, based on a number of di!erent data
sets, to discuss the age of the ice marginal deposits in
southwestern Sweden and their likely age-equivalent cor-
relation with ice recession lines on the east coast. In the
following, uncalibrated radiocarbon dates are given as
BP. These measurements have been corrected for a mar-
ine reservoir e!ect (!400 ��C years) and ���C. When
standard error is shown, it is always 1�. Clay-varve years
are designated varve yr BP according to StroK mberg's
(1989) revision of the Swedish Time Scale and Cato's
(1987) extension of the chronology up to the present.
However, following the errors inherent in the Swedish
varve chronology (Wohlfarth, 1996; Wohlfarth et al.,
1997, 1998a; AndreH n et al., 1999), the varve years have
been adjusted by 875 varve years and are expressed as
&adjusted varve yr BP'. Radiocarbon dates with known
standard errors were either calibrated or wiggle-matched
(Bronk Ramsey, 1995) and other less precise radiocarbon
date estimates were compared to the radiocarbon
calibration curve (Stuiver et al., 1998). Both results are
expressed as calibrated years (cal yr BP), but only the
calibrated/wiggle-matched radiocarbon dates are shown
with 2�. Comparisons to the Greenland ice cores are
denoted as either GRIP or GISP yr BP.

2. Southwest Swedish moraines

A series of well-developed moraines, together forming
a zone of some 100km in width extend along the west
coast of Sweden and inland to the area of the great lakes
VaK nern and VaK ttern (Fig. 1). These well-de"ned and
partly glaciomarine ice marginal formations can be fol-
lowed as continuous ridges over long distances, and even
where they are discontinuous their correlation is clear.
Towards the southeast, however, they gradually become
divided into more than one ridge and are "nally replaced
by landscapes of hummocky moraine, indicating areal

downwasting of stagnant ice, that was in#uenced by the
local topography (cf. Gillberg, 1956).
The marginal ridges consist of sorted sediments as well
as of diamictons. The moraines are shown on many maps
and summaries on their chronology and eastward exten-
sion and correlation have been given by Berglund (1979),
Hillefors (1975, 1979), Johansson (1982), BjoK rck et al.
(1988) and Berglund (1995). Since these papers were pub-
lished, several additional studies have been made by one
of the authors (J. L.). In the following we shall brie#y
discuss the di!erent moraines from the Kattegat coast to
the Younger Dryas (YD) moraines in south central
Sweden, starting with the oldest deposits in the southwest
(see Fig. 1 and Table 1).

2.1. Halland coastal moraines (HCM)

These moraines, which were referred to as the HoK noK -
GroK toK line by Hillefors (1975), form a series of small
moraines and, in the eastern part of the zone, deltas. They
have been described and studied by Caldenius (1942),
then more in detail in a number of papers by Fernlund
(e.g. 1988, 1993). The outer, westernmost moraines form
straight ridges, which can be a few kilometres in length.
According to MoK rner (1969) and FaK lt (1982), they con-
tinue also westwards on the Kattegat #oor. In the eastern
part of the zone the ridges are shorter and often situated
upon drumlins. There, they are also more curved and as
such similar to small end moraines in front of valleys. At
some localities they may be combined with deltas. The
internal structures of the ridges are complex. Many of the
sections shown by Fernlund (1988, 1993) show complic-
ated stratigraphies where diamictons alternate with
sorted sediments, which range from silt to gravel. Inclu-
sions of marine clay occur and mollusc shells are com-
mon. The structures indicate a glacial readvance over
previously deposited ridges.
The HCM can be traced from the GoK teborg area (see
Thormark, 1949) southward to the region of Hallandsa� s
(Fig. 1). According to Lindekrantz (1944) there are even
a few ridges on the southern side of the BjaK re Peninsula.
Their further continuation is not well known. Following
Lagerlund and Houmark-Nielsen (1993), they may
continue in a North}South direction through Ska� ne.
Duphorn et al. (1979) and Ringberg (1989) correlated
them with the so-called Low Baltic readvance dated to
sometime between 13,300 and 12,800BP. In Lundqvist
(1994), the continuation of the outermost HCM is
assumed to be towards the SE, while the innermost
moraines continue towards the East and are correlated
with the ice recession lines de"ned by clay-varve chrono-
logy (Antevs, 1915; Ringberg, 1991).
Di!erent opinions exist about the age of the HCM (see
Table 1), which have mainly been dated by radiocarbon
determinations on fossil mollusc shells. According to the
revised chronology by Berglund (1979) the HCM were
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Table 1
Age assignment of the di!erent ice marginal lines in south western Sweden according to di!erent authors and the present study. See text and Table
2 for a detailed discussion

Ice marginal line Age assignment Refs. This summary
��C yr BP

Halland Coastal 13,000}13,500 Berglund (1979) &14,100}14,000 ��C yrBP or
Moraines (HCM) '12,900 BjoK rck et al. (1988) &18,000}16,000 cal yrBP;

'14,100 and &14,000 Pa� sse (1992); Lagerlund and
Houmark-Nielsen (1993)

areas ice free '12,800}12,750 ��C yrBP or
15,550}14,550cal yr BP;

?13,400}13,000 Berglund (1995) &Oldest Dryas'

GoK teborg Moraine 12,800}12,600 Hillefors (1975, 1979) ice front position at &12,700}12,600 ��C yrBP or
&15,400}14,500 cal yrBP;

12,800}12,600 Berglund (1979)
12,650 BjoK rck et al. (1988)
12,700}12,500 Berglund (1995) &Oldest Dryas'

Berghem Moraine '11,100 Hillefors (1975) '12,350}12,250 ��C yrBP
&12,400 Berglund (1979) or '14,400}14,200cal yr BP
12,350 BjoK rck et al. (1988) &B+lling'
12,350}12,250 FredeH n (1988); Pa� sse (1992)
&12,000 Berglund (1995)

TrollhaK ttan Moraine &12,200 Berglund (1979) '&11,900}11,800 ��C yrBP
12,175 BjoK rck et al. (1988) or '&14,200 cal yrBP;
11,930 Pa� sse (1987) &Older Dryas'
11,900}11,800 FredeH n (1988)
11,700}11,600 Berglund (1995)

Levene Moraine 12,000}11,800 Berglund (1979) '&13,400 cal yrBP
11,400}11,300 FredeH n (1988)
12,050 BjoK rck et al. (1988)

formed around 13,000}13,500BP. Several radiocarbon
dates on shells published by Pa� sse (1992) indicate a
deglaciation and age of the outermost moraines of
'14,100 BP and of the inner moraine of &14,000BP,
which corresponds to&18,000}16,000 cal yrBP (Figs. 3,
4, Table 1). Fernlund (1988, 1993) presented a number of
radiocarbon dates on shells from these moraines with
ages ranging between c. 12,000}12,700BP and concluded
that the ridges are younger than 12,400BP. Such an age
is younger than that generally assumed for the moraines
situated farther inland and formed later and illustrates
one of the problems connected with the interpretation of
the west coast moraines. In order to solve the problem,
Fernlund (1993) had to assume an initial formation of the
HCM at an earlier stage, followed by a long readvance
at least from the position of the Berghem Moraine
(cf. Fig. 1). From a glaciological point of view such
a scenario seems less plausible, because the ice in the
subaquatic environment of most of the area must have
been warm-based, which is indicated by the deposition
of till. Based on pollen stratigraphy and ��C dates
on lake sediment sequences, which are situated between
the outermost and innermost moraines and slightly east
of the innermost moraine (Fig. 3, Table 3), Berglund
(1995) showed that deposition commenced before

12,800}12,750 BP, that is before and during the B+lling
pollen zone (Table 1) or &'15,550}14,550 cal yr BP
(Table 3). Following Lagerlund and Houmark-Nielsen
(1993) and Berglund (1995), we may conclude that the
HCM were likely formed at &18,000}16,000 cal yr BP
and that the area occupied by the moraines
became deglaciated between '12,800}12,750BP or
'&15,550}14,550 cal yrBP (Fig. 4, Table 1). Compared
to the age estimates shown in Table 2, this time period
would fall within the Oldest Dryas pollen zone.

2.2. GoK teborg Moraine

Some 10km east of the easternmost HCM (Fig. 1) is
the large and well-de"ned GoK teborg Moraine (Wenner,
1951; Wedel, 1971; Hillefors, 1975, 1979), which is also
known as the FjaK ra� s line (MoK rner, 1969). It extends as
discontinuous hills and ridges from the island of Orust in
the north to GoK teborg (BjoK rsjoK , 1949). For some 35}40km
southward fromGoK teborg it is more continuous, forming
up to 50m high ridges across valleys as well as on higher
ground. Further toward the southeast the line is marked
by deltas and other isolated smaller accumulations.
However, the zone is quite distinctive for another 40km.
The southward extension of the line is more debatable
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Table 2
Age estimates used in the text

South Swedish ��C-yr BP� Local varve Adjusted GRIP GISP IntCal98
Pollenstratigraphy� yr varve yr BP yr BP� yr BP� cal yr BP�

Holocene/ 10,300}10,000 10,740� 11,525� &11,500 11,640 *

Younger Dryas 10,630�
Younger Dryas/ 11,000}10,800 2000� 12,650	 12,650 12,890 &12,900}13,050
Aller+d
Aller+d/ 12,000 2550
 * 13,900 14,010 &13,900}14,100
Older Dryas
Older Dryas/ 12,200 #300� * 14,040 14,090 &14,200
B+lling
B+lling/ &12,500}12,700 * * 14,700 14,670 &14,500}15,500
Oldest Dryas

�According to BjoK rck and MoK ller (1987) and Berglund et al. (1994).
�BjoK rck et al. (1998a).
�Stuiver et al. (1995).
�Stuiver et al. (1998). Cal yr BP were obtained by comparing the ��C ages in column 2 with the radiocarbon calibration curve.
�StroK mberg (1994), Brunnberg (1995) and BjoK rck (1999b).
�AndreH n et al. (1999).
�AndreH n et al. (1999).
�Wohlfarth et al. (1998a).
	Goslar et al. (1999).

Kristiansson (1986).
�Ising (1998).

and based mainly on scattered glacio#uvial deposits and
striae. Instead of a clear moraine ridge the landcape
changes into a zone with hummocky moraine indicating
stagnant ice in front of an active margin. The southern-
most position of the GoK teborg Moraine, according to
Nilsson (1968) and BjoK rck et al. (1988), may extend
towards the southern coast of Blekinge, i.e. among the
recession lines of Antevs (1915) and Ringberg (1991).
On the other hand, Johnsson (1956) and recently
Andersson (1998) proposed that the line turns east,
towards the central part of Lake Bolmen (Fig. 1).
Lundqvist (1994) gave two alternative positions for an
eastward extension of the GoK teborg Moraine, one ac-
cording to Andersson (1998) and a more southerly
position, south of Lake Bolmen, which has been sugges-
ted by Hillefors (1975, 1979). The moraine ridges along
the west coast are generally composed of till beds resting
upon marine sediments, indicating oscillations of the ice
margin.
Based on radiocarbon dates the age of the GoK teborg
Moraine is traditionally given with &12,800 to
&12,500BP (Table 1). Hillefors (1975, 1979) assumed an
initial deglaciation at &12,800BP, a readvance at
&12,700BP and a "nal deglaciation at &12,600BP.
The combination of radiocarbon dates, pollen stratigra-
phy and shoreline development (Table 3, Fig. 3), led
Berglund (1995) to conclude that the formation of the
GoK teborg Moraine may have occurred &12,600BP
(Table 1). Compared to the calibration curve, which
shows a complicated structure during the time period

12,500}12,900BP, radiocarbon ages of &12,500BP
could correspond to &14,400 or to &14,800}
15,100 cal yr BP, ages of 12,600BP to 14,500}14,650
or 15,300 cal yr BP and ages of &12,800BP to
&15,500 cal yr BP. If we accept Hillefors' (1975, 1979)
and Berglund's (1995) assumptions for an ice front posi-
tion some time between 12,700}12,600BP and compare
these age estimates with the radiocarbon calibration
curve, the GoK teborg Moraine could have been formed
any time between 15,400 and 14,500 cal yrBP (Table 1)
and would thus, following Table 2, correspond to the
Oldest Dryas pollen zone.

2.3. Berghem Moraine

East of the northerly extension of the GoK teborg
Moraine, numerous moraines and deltas form a distinc-
tive ice-margin, named the Berghem line (Caldenius,
1942; Ronnert, 1989). The larger deposits, which pass the
mouth of Byfjorden at Uddevalla (Fig. 1), appear as a
well-de"ned landform, which was originally correlated
by BjoK rsjoK (1949) with the GoK teborg Moraine. However,
new mapping indicates that these features should, most
probably, be referred to a stage later than the GoK teborg
Moraine. The position of this ice margin can be followed
northward across the Koster Islands (Johansson, 1982),
and southeastward as the Berghem Moraine (HilldeH n,
1979) (Fig. 1). In many places the line is marked by
a double series of ridges and is consequently called the
Berghem-MoslaK tt line (MoK rner, 1969).
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In general, it is represented by smaller accumulations
than the GoK teborg Moraine, but nevertheless it must
represent some readvance or oscillation of the ice margin
(BjoK rsjoK , 1949; HilldeH n, 1979). From the detailed descrip-
tions of the readvances, especially in the valleys, one gets
the impression that the local topography had a large
in#uence on the dynamics of the ice margin (Johansson,
1982). Such a conclusion is also supported by strati-
graphic observations (Ronnert, 1989), which showed that
a readvance only took place in the valleys, while the ice
margin was stationary on high ground above sea level.
A minor climatic #uctuation could, therefore, have been
enough to trigger a reaction of the ice margin, which
could then have become enhanced by the local topo-
graphic situation.
The radiocarbon dates assigned to the Berghem
Moraine vary considerably and range between
&12,400}'11,100BP (Hillefors, 1975; Berglund, 1979;
Pa� sse, 1987, 1992; FredeH n, 1988; S+rensen, 1992; Be-
rglund, 1995) (Table 1). Basal lake sediments in sites east
of the moraine had initially been interpreted as belonging
to the B+lling pollen zone (HilldeH n, 1979; Svedhage, 1985)
(sites 13}18 in Fig. 3). However, a reinterpretation of the
pollen stratigraphy by Berglund (1995) demonstrated
that the basal layers should rather be attributed to the
Older Dryas pollen zone. BjoK rck and Ha� kansson's (1982)
evaluation of radiocarbon dates on bulk sediments pub-
lished by HilldeH n (1979) showed furthermore, that the
most likely age of the sediments should range between
&11,800}12,150BP or &13,900}14,100 cal yrBP, which
would in turn correspond to Berglund's (1995) re-evalu-
ation of the pollen zone assignment (Table 3). These
radiocarbon dates give a minimum age for the deglaci-
ation of the area and indicate that the BerghemMoraine
must have been formed earlier. FredeH n (1988) and Pa� sse
(1992) cite radiocarbon dates of 12,350}12,250BP on
mollusc shells, which were deposited in marine clays in
front of the delta deposits, which are associated with the
Berghem Moraine (Table 1). They are thus either con-
temporaneous or slightly younger than the ice marginal
formations and could indicate an approximate minimum
age of &14,400}14,200 cal yr BP for the Berghem
Moraine. Taken together, the Berghem Moraine may
have been formed &14,400}14,200 cal yrBP and the
area east of these deposits probably became ice-free
'14,100 cal yrBP (Table 1). Compared to Table 2,
these age estimates would place the Berghem Moraine
sometime during the B+lling pollen zone.

2.4. TrollhaK ttan Moraine

East of the Berghem Moraine scattered moraines and
glacio#uvial accumulations occur in many places (Fig. 1).
The main deposits form together a distinctive ice-mar-
ginal line, but several smaller moraines can also be
observed outside of it. Johansson (1982) studied the

ridges west of River GoK ta AG lv in detail and concluded
that the main line ressembles the large moraines dis-
cussed above. In areas where the topography had a great
in#uence, the moraine is represented by narrow ridges,
while in other places the deposits may be more spread
out. Disturbed sediments within the ridges indicate sev-
eral short readvances or oscillations of the ice margin.
East of GoK ta AG lv the extension of the TrollhaK ttan Mo-
raine is somewhat uncertain. FredeH n (1984) and BjoK rck
and Digerfeldt (1991) considered e.g. also a southerly
extension as possible (Fig. 2). One likely northern con-
tinuation of the line, east of the well-established moraine
and west of the river, is through some large glacio#uvial
accumulations north of TrollhaK ttan and along a ridge on
the western side of Hunneberg, which had earlier been
interpreted as a drumlin (FredeH n, 1984). According to
information from the Geological Survey of Sweden this
ridge consists of up to 28m of till. If we assume that the
northerly extension is correct, then the southern line may
belong to one of a series of moraine ridges parallel to the
TrollhaK ttan Moraine (FredeH n, 1984). Further eastward,
the most likely extension of the northern line is through
a series of small moraines (MohreH n and Larsson, 1974)
and large glacio#uvial deposits at right angles to the
eskers SE of Hunneberg. It continues through glaciotec-
tonically disturbed glacial clay and glacio#uvial deposits
at Ta� lanna } Bitterna (FredeH n, 1990) (Fig. 1). The distri-
bution of these deposits would indicate a lobate shape of
the ice margin with embayments around higher ground
and could be taken as evidence for an active ice margin.
Together with the inferred northerly position, this could
indicate that the hills Halleberg and Hunneberg formed
such an embayment along the ice margin.
The TrollhaK ttan Moraine is developed below, as well
as above, the corresponding coastline. It can even be
traced on the present-day sea #oor, and thus a direct
connection with the Norwegian Hvaler Moraine is
obtained. The Hvaler Moraine is the outermost dated
moraine on the eastern side of the Oslofjord and has an
estimated age of 11,800}12,000BP (S+rensen, 1992).
Radiocarbon ages for the TrollhaK ttan Moraine range at
12,200BP (Berglund, 1979; BjoK rck et al., 1988),
11,900}11,800BP (e.g. Dennega� rd, 1984; Pa� sse, 1987;
FredeH n, 1988) or 11,700}11,600BP (Berglund, 1995)
(Table 1). Indirect age estimates for the TrollhaK ttan
Moraine can be obtained from lake sediments, which
were studied in sites located at an altitude of 119}129m
a.s.l. on the southern part of Hunneberg (Fig. 1; sites
19}21 in Fig. 3). These sites became ice-free during the
early Aller+d pollen zone and the lowermost dated sedi-
ment layers indicate an age of '11,900}11,800BP
(BjoK rck and Digerfeldt, 1982) or '&14,200}
13,450 cal yr BP (Table 3). Compared to the radiocarbon
age estimates for the TrollhaK ttan Moraine presented in
Table 1, the lake-sediment studies would indicate that the
sedimentation in the basins (i.e. the sea) started at about
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Table 3
��C and pollen stratigraphically dated bottom layers in lake-sediment sequences in south-western and south-central Sweden�

Site No. Locality Dated material Pollen zone ��C yr BP cal yr BP Ref.
1� 2�

1 Vallen B"/OD Berglund (1995)
2 Ala Mossen B"/OD Berglund (1995)
3 Gyllebolet B"/OD Berglund (1995)
4 IglasjoK nmossen B"/OD Berglund (1995)
5 BoK larpamossen B"/OD Berglund (1995)
6 Ormaberget Bulk B"/OD '12,805$115� '15,550}14,600 Berglund (1995)
7 Store Mosse Shells B"/OD '12,455$115� '15,050}14,150 Berglund (1995)
8 SkaK rsjoK n B"/OD Berglund (1995)
9 KalvsjoK n B"/OD '12,210$320 '15,250}13,450 Berglund (1995)
10 GrimsjoK n Water mosses B"/OD '12,490$190 '15,350}14,050 Berglund (1995)
11 ValingesjoK n Shells B"/OD 12,750$120� 15,500}14,550 Berglund (1995)
12 DeromesjoK n B"/OD Berglund (1995)
13 BjoK rksjoK damm Bulk OD '&12,100� &14,100 HilldeH n (1979)
14 FjaK llsjoK n Bulk OD '&12,150� &14,100 HilldeH n (1979)
15 LjungsjoK n Bulk OD '&11,810� &13,900 HilldeH n (1979)
16 OG OG revatten OD-AL� Svedhage (1985)
17 AG lghultsjoK OD-AL� Svedhage (1985)
18 Holmevattnet OD-AL� Svedhage (1985)
19 DomsjoK Algae AL '11,830$130 '14,200}13,450 BjoK rck and Digerfeldt (1982)
20 KroppsjoK Algae AL '11,870$110 '14,200}13,500 BjoK rck and Digerfeldt (1982)
21 GransjoK Algae AL '11,800$110 '14,150}13,450 BjoK rck and Digerfeldt (1982)
22 BjaK rsjoK n Bulk late AL '11,260$100 '13,430}12,940 BjoK rck and Digerfeldt (1984;

1986)
23 MadtjaK rn Terr. late AL '11,630$190 '14,100}13,100 BjoK rck and Digerfeldt (1991)

'11,470$135 '13,750}13,050 BjoK rck et al. (1998)
24 LommesjoK n late AL BjoK rck and Digerfeldt (1991)
25 OG . DrakesjoK n late AL BjoK rck and Digerfeldt (1991)
26 N. DrakesjoK n late AL BjoK rck and Digerfeldt (1991)
27 NordaK ngsjoK n late AL BjoK rck and Digerfeldt (1991)
28 As kerhultagoK l Bulk early AL &11,810� &13,900 BjoK rck and Ha� kansson (1982)
29 Trummen Bulk early AL &11,780� &13,900 BjoK rck and Ha� kansson (1982)
30 HaK lsegyl late B" BjoK rck and MoK ller (1987)
31 SpjaK llsjoK n Org. mat. late B" '12,240$110 '14,750}13,900 BjoK rck and MoK ller (1987)

'11,740$220 '14,350}13,150
32 Skulingen late B" BjoK rck and MoK ller (1987)
33 Vitavattsgyl B"-OD� BjoK rck (1981)
34 SaK nnen B"-OD� BjoK rck (1981)
35 Logylet B"-OD� BjoK rck (1981)
36 KroksjoK n B" BjoK rck (1981); Wohlfarth et al.

(1994)

38 Lilla SjoK n B"-OD� BjoK rck (1981)
52 Lilla SjoK Bulk '&11,760� '&13,900
53 Ranviken Bulk '&11,920� '&14,100 BjoK rck and Ha� kansson (1982)
54 BjaK rsjoK laga� rd Terr. '12,705$130 '15,450}14,450 BjoK rck and Ha� kansson (1982)

Wohlfarth et al. (1998b)

�B""B+lling, OD"Older Dryas, AL"Aller+d;'"��C date above bottom layer.
�Corrected for marine reservoir e!ect.
�Corrected ��C dates according to BjoK rck and Ha� kansson (1982).
�According to Berglund (1995) these sites became deglaciated during early Aller+d.
�Original pollen stratigraphy revised by BjoK rck and MoK ller (1987); terr."terrestrial plant material, bulk"bulk sediment, org. mat."organic
material. Calibrated dates were obtained with the OxCal Programme (Bronk Ramsey, 1995) and through comparisons with the radiocarbon
calibration curve (Stuiver et al., 1998). See Fig. 3 for the location of the sites.

the same time as the TrollhaK ttan Moraine was formed.
This is, however, fairly unlikely, because BjoK rck and
Digerfeldt (1982) describe "nds of Mytilus shells, dated
to 11,800$110BP, in the basal sediments (Fig. 2).

Furthermore, the marine algae, which were used for
radiocarbon measurements indicate an ice free, non-
glacio-marine environment. This would mean that the
TrollhaK ttan Moraine pre-dates the basal sediments in
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Fig. 2. Alternative position of the TrollhaK ttan Moraine around the
town of TrollhaK ttan and Mts. Halleberg and Hunneberg. West of River
GoK ta AG lv, the position of the TrollhaK ttan Moraine is clear, while two
alternative positions may be proposed towards the east. The dashed
line shows the position of the TrollhaK ttan Moraine according to BjoK rck
and Digerfeldt (1981, 1982) and FredeH n (1984).

sites 19}21 (Fig. 3) considerably, because the growth of
marine algae and the presence of Mytilus means that the
area could not have been in direct contact with an ice
sheet.
Independent of a more southerly or northern position
of the TrollhaK ttan Moraine, we conclude that it must
have been formed before 11,900}11,800BP or
'14,200}13,450 cal yrBP (Table 1), and that the ice
front must have retreated rapidly to allow for a deglaci-
ation at Hunneberg at '&14,200}13,450 cal yr BP.
A younger age of 11,700}11,600BP for this moraine, as
suggested by Berglund (1995), seems unlikely in respect
to the depositional environment of the bottom sediments
in sites 19}21.

2.5. Levene Moraine

With regard to its coherent extension, size and internal
structures the Levene Moraine is one of the most impor-
tant moraines in western Sweden (Fig. 1). It was origin-
ally considered to be one of the Middle Swedish End
Moraines of Younger Dryas age. StroK mberg (1969) gave
a comprehensive overview on these ice marginal forma-
tions and Johansson (1982) studied the western part, west
of Lake VaK nern, in detail. According to these descriptions
the moraine is formed of long, continuous ridges, which
can be followed from Lake VaK nern into Norway. There
they continue as the Outer Ra line, the Ons+y Moraine.
The line is mainly independent of the local topography,
except on the highest ground in KroppefjaK ll (Fig. 1),
where it is missing. Small deposits at the northern part of

the hilly area indicate that KroppefjaK ll formed an embay-
ment of higher ground in the ice margin (cf. the lobate
margin discussed above) (Johansson, 1982). The sedi-
ments in the moraine are not well known, but seem to be
till and sorted meltwater sediments. On the lower
ground, close to Lake VaK nern, the ridges are mostly
covered with marine clay.
The line of moraine ridges continues across the VaK ner-
snaK s peninsula in southern Lake VaK nern, and further
towards the southeast (Fig. 1). From Lake VaK nern
towards FalkoK ping it is fairly continuous and in many
places composed of several parallel ridges. In the FalkoK p-
ing area it turns east, towards the highland of HoK kensa� s.
East of FalkoK ping the line is represented mainly by large
deltas. These deltas have usually steep southern margins,
in places pitted by dead-ice hollows. The morphology
shows that the deltas were formed in an environment of
stagnant ice. The feature should be considered as corre-
sponding to the gradual transition from moraine ridges
to hummocky moraine, known from further west. The
HoK kensa� s highland rises 50}100m above the adjacent
area in the west, and about 200m above Lake VaK ttern on
its eastern side. On top of HoK kensa� s there are widespread
"elds of hummocky glacio#uvial sediments. These
deposits must have been formed with thick ice on both
sides and thus indicate that this highland also formed an
embayment in the ice margin. On the eastern side, in the
deep VaK ttern basin, striae indicate that an ice tongue
extended southward (Waldemarson, 1986). In front of
the tongue, thick glacio#uvial and glaciolacustrine
sediments were deposited in a semi-circle around the
southern end of the lake. The ice-marginal line is
sometimes called the Levene}Taberg line after these very
thick deposits.
Glaciotectonic structures, especially in the vicinity of
Levene, with upthrust beds of sediments varying from
gravel to clay show that the moraine was formed in
connection with a readvance of the ice margin (Fig. 5).
The same is clearly shown by the stratigraphy with till
beds upon deformed glaciolacustrine sediments around
the southern end of Lake VaK ttern (Sandegren, 1917;
Waldemarson, 1986).
The Levene Moraine was "rst considered to be of
Younger Dryas age, but was later attributed to the Older
Dryas (Berglund, 1979). However, there are no relevant
radiocarbon dates from within Sweden and age estimates
have been inferred either from a comparison with the
Ons+y Moraine in Norway (11,400 and 11,200BP
according to S+rensen, 1992) or from radiocarbon dates
on adjacent lake sediment sequences. BjoK rck and Diger-
feldt (1982, 1989, 1991) and lately BjoK rck et al. (1998b)
published a number of radiocarbon dates from pollen-
stratigraphically investigated lake sediment sequences on
Kroppefjall (sites 23}27, Table 3 and Fig. 3). The lower-
most dated marine sediments show that the sites had
already become ice-free during the middle part of the
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Fig. 3. Map over southern Sweden showing the location of pollenstratigraphic and/or ��C-dated lake sediment sequences and ��C and/or pollen
stratigraphic dated varved-clay sites. Site numbers 1}36, 38 and 52}54 refer to Table 3 and site numbers 37, 39}51 to Table 4. The ice marginal lines
have the same symbols as in Fig. 1. YD"Younger Dryas, Sk"SkoK vde, Bi"Billingen, Le"Levene, Tr"TrollhaK ttan, Be"Berghem,
GoK"GoK teborg, HCM"Halland Coastal Moraines.

Aller+d pollen zone, i.e. before 11,600}11,500BP or
'&14,100}13,100 cal yr BP and that they were isolated
from the sea at the boundary between the Aller+d and
Younger Dryas pollen zones. Since the bottom sediments
were not reached and since leaves of Salix were dated, we
have to assume that the sedimentation had already
begun and that some vegetation had developed on
the surrounding slopes of the archipelago. Given the
geographic location of these sites outside the Levene
Moraine (Figs. 1 and 3), we may assume that the ice

marginal line formed after mid-Aller+d. Further age
constraints for this ice margin may be obtained from
site 22 (Table 3, Fig. 3), which is situated inside the
Levene line. The combined pollen and radiocarbon
stratigraphy indicates that the bottom sediments may
have been deposited in Late Aller+d at '11,260$
100BP or 13,430}12,940 cal yrBP (BjoK rck and Diger-
feldt, 1984, 1986). Taken together, we may, therefore,
assume that the Levene line formed before or around
&13,400 cal yrBP.
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3. Younger Dryas Moraines

The SkoK vde and Billingen Moraines are the two main
moraine lines in Sweden, which can be followed almost
around the entire Scandinavian Peninsula and Finland.
Generally, they belong to a series of moraines, which
represent the stillstand of the ice margin during the
Younger Dryas cold event. The line discussed here has
been described in many papers, and here a general refer-
ence is made to StroK mberg (1969) and Lundqvist and
Saarnisto (1990).
The two moraines, which are separated at Lake
VaK nern and eastwards (Fig. 1), adjoin each other west-
wards and continue in Norway as the big Ra Moraine.
According to Lundqvist (1988a), the ice margin retreated
from the Ra Moraine to the next younger As s Moraine,
while it was still at the Billingen Moraine. This western
part of the Swedish line consists of scattered small
moraines and two large delta complexes, Dal's Ed and
OG dskoK lt's Moar (Fig. 1), which are important for the
interpretation of readvances and isostatic rebound. The
delta at Dal's Ed consists of one big plateau and a smaller
one just north of it (De Geer, 1909), which are separated
by a dead-ice hollow, today occupied by a small lake.
Often, these two units are interpreted as two separate
delta generations, but an alternative interpretation
would be that they represent one unit with a central
hollow of a type common in the northern part of Sweden.
In case they are two di!erent units they may represent
the two moraines, SkoK vde and Billingen. The delta level
is approximately 158m a.s.l., and most important, at the
northern margin of the delta, beach marks show that
the corresponding sea-level dropped by about 10m.
This indicates an isostatic uplift of that amount, and
considering the shore displacement curve of BjoK rck and
Digerfeldt (1991), corresponds to a time of perhaps
500 radiocarbon years. Nothing is known about a retreat
of the ice margin north of the delta, but the drop in sea
level makes a retreat and a following readvance possible.
Johansson (1982) has described the delta complex
OG dskoK lt's Moar, 15 km SE of Dal's Ed. According to him
the main components are delta plateaus, a supraglacial
outwash plain and end-moraine ridges. There is a di!er-
ence in altitude between the oldest part of the complex
(the deltas) and the youngest (the plain) of at least 20m.
Since the outwash plain is underlain by clay, formed in
deep water some distance away from the ice margin,
Johansson's (1982) conclusion is that there has been
a considerable retreat and readvance of the margin. The
extent of these events is unknown, but the corresponding
time is estimated at 600}800 radiocarbon years (BjoK rck
and Digerfeldt, 1991) or &500}600 calendar yr (BjoK rck
pers. comm.). Assuming that the retreat comprised half of
this time with a rate similar to the rate found farther east
(StroK mberg, 1994; see below), the extent can be estimated
to some 4 km, at the most.

East of OG dskoK lt's Moar the combined moraine passes
the northern part of the KroppefjaK ll highland. Notably,
huge moraines, often formed of very large boulders
occur, even on this high ground and at elevations, well
above the corresponding sea -level (Gustafson, 1977). The
boulder ridges have been interpreted as redeposited
frost-shattered material formed during the cold Younger
Dryas climate. From KroppefjaK ll eastward across the
southern part of Lake VaK nern, the SkoK vde-Billingen lines
are developed as big moraines. Towards Mt. Billingen
the line widens to a 10 km wide zone of well-developed
end moraines. Their interior shows glaciotectonic struc-
tures and complex bedding with tills and waterlaid sedi-
ments, including marine clay (e.g., Munthe, 1928; BjoK rck
and Digerfeldt, 1984). The latter authors interpreted
these features as an e!ect of a considerable readvance of
the ice margin. The margin retreated from the Levene line
past the SkoK vde line and past the northern end of
Mt. Billingen. The e!ect was a "rst catastrophic drainage
of the Baltic Ice Lake, ponded up in the Baltic basin east
of Mt. Billingen. Marine clays and other sediments were
deposited in front of the margin, and during the following
readvance they became reworked and partly covered by
the moraines. The water in the Baltic basin was again
ponded up as a lake. After a further retreat the margin
once again passed the northern end of Mt. Billingen, and
the Baltic Ice Lake was "nally drained. The drainage was
a complicated event, including #ow over the ice margin
and through marginal crevasses. A key point is the sur-
vival of stagnant ice on the western side of Mt. Billingen,
preventing the water taking the shortest way to the sea.
This idea was long ago proposed by Ramsay (1924),
Gavelin (1926), and Munthe (1928), but demonstrated
conclusively by StroK mberg (1992).
Several authors (e.g. Ahlmann, 1910; Munthe, 1928;
BjoK rck and Digerfeldt, 1984) have studied the moraines
on both sides of Mt. Billingen. Although evidence of
a readvance is clear on the western side, its exact timing
cannot be assessed due to the lack of suitable clay varve
deposits. On the eastern side a detailed varve chronology
had been established (Caldenius, 1944; StroK mberg, 1994)
(Fig. 1), but showed no evidence of a readvance. Accord-
ing to StroK mberg (1994) the ice margin retreated slowly,
but continuously, during the entire cold event. On the
other hand, glaciotectonic structures and till-covered
sediments in the moraines indicate that the ice-margin
oscillated. The groups of moraines on the eastern side of
Mt. Billingen continue towards Lake VaK ttern as two
zones, corresponding to the SkoK vde and Billingen lines
(HedstroK m, 1901; StroK mberg, 1969, 1977, 1994) (Fig. 1).
The Billingen line turns northwards towards the
Perstorp delta deposits (Bergsten, 1943), which corres-
pond to the water level in the Baltic basin before and
after the "nal drainage, and show that this position of the
ice margin should be correlated with the position at the
northern end of Mt. Billingen.
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Both the SkoK vde and the Billingen lines show a broad
estuary in the basin of Lake VaK ttern during the deglacial
phase. However, the conditions in the basin itself, as
described by Waldemarson (1986), imply two distinct
readvances, during which the margin formed a tongue
in the basin. The readvances are not dated, but it
is reasonable to assume that the older one corresponds
to the Levene Moraine, as described above, and the
younger one to the moraine which formed during the
Younger Dryas period (SkoK vde Moraine) (Fig. 1).
According to BjoK rck and Digerfeldt (1989), Wohlfarth
and Possnert (2000), BjoK rck et al. (2001), site 51 (Fig. 3)
became ice-free during Younger Dryas and was never
overridden by the advancing Younger Dryas ice. Conse-
quently, the advancing ice in the VaK ttern basin possibly
formed a narrow lobe, extending from what may be
considered an interlobe area north of the basin. The lobe
must have been higher than in the surroundings, either
during the SkoK vde or Levene stage (Norrman, 1963,
1971).
East of Lake VaK ttern moraines corresponding to the
SkoK vde and BillingenMoraines are well marked by series
of deltas and a zone with thicker till cover (Lundqvist,
1988b). On geological maps, zones corresponding to
these moraines are easily distinguished. The best
developed of them can be followed as deltas and kame
"elds from the vicinity of Lake VaK ttern towards the ENE
past LinkoK ping. East of LinkoK ping there are two closely
spaced lines. One of them, which can be considered as the
main line consists of deltas and other glacio#uvial accu-
mulations, while the southern line is formed of moraine
ridges (BergstroK m, 1992). This southern landform, some-
times called the Halleby Moraine is often considered
as belonging to the main line, but Kristiansson (1986)
has shown, based on clay-varve correlations, that it was
formed 150}200 years earlier. The Halleby Moraine
approaches the main line in the vicinity of Ljungstorp,
where a well-developed kame "eld can be observed. Fur-
ther north, SE of Omberg till-covered glacio#uvial
deposits occur. According to striae, the ice margin ran
southeastwards to join the southern line after 5}10 km. It
seems to cross the main line in the vicinity of the Ljun-
gstorp kame "eld. The impression is that this line is the
continuation of the Halleby Moraines. If so, the Halleby
line was formed after an initial recession and was, in its
western part overrun by the ice margin forming the main
line.
A northern line parallel to the line at Mt. Omberg is
formed by several large deltas and other glacio#uvial
deposits running from the Motala region southeastward
to the LinkoK ping area. Among these deposits is the large
DjurkaK lla Plateau (Bergsten, 1943). This line can be fol-
lowed southeastward towards the area east of LinkoK ping
where it seems to join the main line. There is some doubt
about the continuation eastward of the combined line,
but in general it continues past NorrkoK ping across the

Kolma� rden upland to the line of partly till-covered deltas
along the coast south of Stockholm. Glaciotectonically
deformed glacial clay at NorrkoK ping indicates oscilla-
tions of an active ice margin.
What was considered the main line above corresponds
obviously to the SkoK vde Moraine, although the connec-
tion across the VaK ttern basin is not clear. The most likely
connection is through the younger lobe in the basin,
representing a readvance (Waldemarson, 1986). The fol-
lowing line, passing just south of Mt. Omberg, represents
a retreat of the ice margin close to the basin. The deltas
are almost everywhere till-covered and other till-covered
sediments are common in the area (Svantesson, 1981).
Consequently, there has been a readvance of the ice
margin from the Omberg area to the main line. This
readvance comprised only the region close to the VaK ttern
basin. East of Ljungstorp only a slow-down of the reces-
sion occurred, which is marked by the HallebyMoraines.
According to Kristiansson (1986) and Brunnberg (1995)
there was no readvance in the LinkoK ping area.
The northern line, extending from the DjurkaK lla Pla-
teau, should obviously be correlated with the recession
line through the Perstorp delta west of Lake VaK ttern. The
extension across the lake is not clear, but possibly some
of the glacio#uvial accumulations north of the lake
described by Bergsten (1943) belong to the line.
The important conclusion of these correlations is that
a considerable retreat and readvance of the ice margin
occurred west of Lake VaK nern and west of Mt. Billingen
at around the AlleroK d/Younger Dryas transition.
Between Mt. Billingen and Lake VaK ttern there are no
traces of such a readvance, just oscillations and a slow-
down of the rate of recession. In the basin of Lake
VaK ttern a pronounced readvance may have occurred,
which a!ected only the nearest environment. Ice growth
north of the lake, possibly in an interlobe area, became
concentrated as a lobe in the deep basin. East of this
lobe there does not seem to have been a major readvance,
but strongly glaciotectonized clays (Lundqvist, 1989;
Kristiansson, 1986) indicate a very active ice front with
limited readvances.
There is hardly any doubt about an attribution of the
SkoK vde-Billingen Moraines to the Younger Dryas cold
phase. The details, however, o!er some problems.
According to Andersen et al. (1995) the age of the correla-
tive Ra Moraine in Norway is 10,600}10,700BP. If,
following Lundqvist (1988a), the ice margin was still at
the BillingenMoraine after the retreat to the As s Moraine
in the Oslofjord region (10,300}10,200BP; Andersen
et al., 1995) we have to consider the whole time span up
to 10,300BP, i. e. about 300}400 radiocarbon years.
On the eastern side of Mt. Billingen, StroK mberg (1994)
could show that a very slow ice recession occurred be-
tween 11,600 and 10,740 varve yr BP, which corresponds
to 12,475}11,615 adjusted varve yr BP (AndreH n et al.,
1999) or to a time period of about 900 varve years. In
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eastern Sweden, Brunnberg (1995), in combination with
Kristiansson's (1986) clay-varve chronology in the
LinkoK ping area, de"ned a time of slow retreat during
about 1000 years (11,760}10,740 varve yr BP or 12,635}
11,615 adjusted varve yr BP). The time span comprises
the stage from the Halleby Moraines to the accelerated
retreat south of Stockholm. In the earlier part of this time
span there was a glacial readvance on the coast south of
Stockholm. Recently, Wohlfarth et al. (1998a) and BjoK rck
(1999) identi"ed the beginning of the Younger Dryas
cooling in varved clays and could show that the ice
margin at the beginning of Younger Dryas was situated
just north of Kisa (Fig. 1). These results add to the
evidence for errors in the Swedish varve chronology and
suggest that the clay-varve chronology across the
Younger Dryas ice marginal line also needs to be revised.

4. South-central Sweden

As described above, no clear ice marginal lines can be
observed in this part of Sweden and only a few studies
combining clay-varve chronology and pollen stratigra-
phy or radiocarbon and pollen stratigraphy on lake
sediment sequences can be used to assess the deglaciation
of the area. As discussed above, Andersson (1998) sugges-
ted an eastward continuation of the GoK teborg Moraine
towards Lake Bolmen and possibly also further east,
across the lake. Hillefors (1975, 1979) observations, on
the other hand, indicate that the continuation of the
GoK teborg Moraine is situated just south of Lake Bolmen
(Fig. 1).
Ising's (submitted) new investigations and clay-varve
chronology for the Bolmen area show that the northern
part of Lake Bolmen had become ice free during the
B+lling pollen zone and that formation of varved clays
continued there, due to remaining stagnant ice in the
surrounding highlands until the Aller+d pollen zone.
Assuming that his B+lling/Older Dryas pollen zone
transition corresponds to the same climatic event as seen
in the Greenland ice cores, he calculated an age of 14,450
GRIP yr BP or 14,490 GISP yr BP for this transition (see
Table 2). Ising's (submitted) correlation to Nilsson's
(1968) varve chronology implies further that the southern
end of the lake was deglaciated at 14,700 GRIP and
14,740 GISP yr BP (Fig. 4), that the deglaciation was
fairly rapid with a mean ice recession rate of 130 m/yr
and that no traces of an ice readvance can be observed in
the Bolmen basin. Compared to Table 2, these age esti-
mates would place the beginning of the deglaciation of
Lake Bolmen at around the Oldest Dryas/B+lling pollen
zone transition. If we assume that the GoK teborg Moraine
formed during the Oldest Dryas pollen zone and that the
ice marginal features south of Lake Bolmen can be asso-
ciated with the GoK teborgMoraine (Hillefors, 1975, 1979),
then Ising's (submitted) results "t well into the overall

picture. If a continuous ice recession at a rate of 130 m/yr
is considered, the approximate location of the active ice
margin may be calculated. As shown on Fig. 4, such
a calculation would lead to a position of the ice margin at
&13,900 GRIP yr or 14,010 GISP yr BP, c. 25 km south
of Lake VaK ttern.
Few lake sediment studies have been performed south-
east, east and northeast of Lake Bolmen (Fig. 3, Table 3).
The southernmost sites (52}53) show an ice-free area
'&11,900BP or '&14,100}13,900 cal yrBP, those
further east (sites 30}32) a deglaciation during the later
part of the B+lling pollen zone, i.e. '12,240BP or
'14,750}13,900 cal yrBP (see also below). Based on the
age of the bottom sediments in sites 28 and 29, it may
be assumed that both had become free of stagnant ice
during early Aller+d or at &13,900 cal yr BP (Fig. 4,
Table 3). As shown e.g. by BjoK rck and MoK ller (1987),
areas above the highest coastline in northern Blekinge
and southern Sma� land were actually characterized by
stagnant ice, but it seems that most of the remaining
stagnant ice melted fairly rapidly and that many localities
were free from ice already during the early Aller+d pollen
zone.

5. Southeast Swedish ice marginal lines

In contrast to southwestern Sweden only a few topo-
graphically visible ice-marginal deposits exist south of
the Younger Dryas line in southeastern Sweden. There-
fore, the timing of the ice recession along the Swedish
east coast has traditionally been reconstructed by clay-
varve chronology (De Geer, 1912). However, and despite
the numerous revisions of the Swedish varve chronology
during the past decades (Kristiansson, 1986; Cato, 1987;
Ringberg, 1991; StroK mberg, 1989, 1994; Brunnberg,
1995), it was shown that major errors are still present
and that the chronology cannot be regarded as conti-
nuous (BjoK rck et al., 1996; Wohlfarth, 1996; Wohlfarth
et al., 1997 AndreH n et al., 1999; BjoK rck, 1999a, b; Woh-
lfarth and Possnert, 2000). Ways to circumvent these
problems have been presented by Wohlfarth et al.
(1998a), Goslar et al. (1999), AndreH n et al. (1999)
and Wohlfarth and Possnert (2000). Wohlfarth et al.
(1998a) and Goslar et al. (1999) tried to anchor an 800
year long, #oating, but AMS ��C dated varve chronology
from OG stergoK tland to the varve chronology of Lake
Gosciaz and AndreH n et al. (1999) compared a clay-varve
chronology to the GRIP ice core record. Based on a
combination of pollen-stratigraphic data and calibra-
ted radiocarbon dates from varved clays, Wohlfarth
and Possnert (2000) assumed approximate cal yr ages
for the varve chronologies shown in Fig. 1 (see Table 4).
In the following these results will shortly be summarized
for each local varve chronology and a likely age attribu-
tion in comparison with the GRIP and GISP ice core
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Fig. 4. Ages estimates for the deglaciation of the di!erent sites shown in Fig. 3. See Tables 3 and 4 for details on the radiocarbon and calibrated dates.

records (BjoK rck et al., 1998a; Stuiver et al., 1995) and the
IntCal98 calibration curve (Stuiver et al., 1998) will be
discussed (Tables 2 and 4).

5.1. Blekinge and southern Sma� land

The varve chronology in Blekinge and southernmost
Sma� land had been established by Ringberg (1991) and
Ringberg and Rudmark (1985) and covers the local varve
years }325 to#314 (Fig. 1). Later the chronology could
be extended to the year#368 with additional clay-varve
correlations (Wohlfarth et al., 1994; Ising, 1998). AMS

��C dates covering the varve years#108 to#226 range
between c. 12,300 and 12,700 BP and at c. 12,100 BP
for the varve years#266 to#299. A calibration of
these radiocarbon dates results in age estimates of
&15,000$550}14,425$475 cal yr BP and 14,150$
600 cal yrBP, respectively (Table 4). According to pollen
stratigraphy, the boundary between the BoK lling and
Older Dryas pollen zones (Ising, 1998) is situated around
the varve year #300. Compared to ice core strati-
graphies, this transition has an age of 14,040 GRIP yr BP
(BjoK rck et al., 1998a) or 14,090 GISP yr BP (Stuiver et al.,
1995) and, compared to the calibration curve, an age of
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Table 4
AMS ��C measurements on terrestrial plant macrofossils from the Swedish varve chronology

Site No. Locality Dated material Pollen zone ��C age (yr BP) Localvarve
years�

Cal yr BP 2� Estimated cal
yr BP

Adjusted
varve yr BP�

Blekinge
37 DoK nhyltagyl Terr. OD 12,090$185 #266 to #299 14,150$600 14,074}14,039�

39 Farslycke Terr. B" 12,595$360 #108 to #170 14,900$1050 14,232}14,170�
Terr. B" 12,740$150 #142 to #226 15,000$550 14,198}14,114�
Terr. 12,310$145 #171 to #214 14,425$475 14,169}14,126�

40 SkaK lgylet Terr. 12,330$370 #167 to #181 14,550$1050 14,173}14,159�
Terr. 12,590$130 #182 to #216 14,800$500 14,158}14,124�

Sma� land and
OstergoK tland

41 Bolmen B"
42 N LeksjoK n 'OD *

43 ToregoK l Terr. 11,820$150 * 14,250}13,400
Terr. 11,520$225 * 14,050}12,950

44 LillsjoK n Terr. AL 11,539$130 * 13,900}13,200
45 Gummet. Terr. AL 11,450$240 2231}2167� * 12,849�

Terr. AL 11,470$130 2153}2093 * 12,788�
Terr. YD 11,040$110 1993}1943 * 12,618�
Terr. YD 10,420$220 1942}1934 * 12,588�

10,970$90 2060}2028 12,958$38 12,694�
46 Tynn Terr. 10,890$120 2160}2090 13,038$38 12,775�
47 N Emmaren Terr. 10,740$240 2273}2169 * 12,871�

Terr. 10,885$250 2169}2123 13,058$40 12,769�
48 HargsjoK n Terr. 10,980$100 2105}2005 12,968$38 12,705�

Terr. 10,480$150 2055}1965 * 12,660�
Terr. 10,610$110 2004}1942 * 12,623�

49 Adlerskog Terr. 10,830$165 2062}1944 * 12,650�
50 Glottern Terr. YD 10,585$465 1906}1806 12,768$38 12,506�

VaK stergoK tland
51 MullsjoK n Terr. 10,330$175 11,485}11,457 12,210$200 12,346

Terr. 10,620$155 11,456}11,418 * 12,312
Terr. 9,945$115 11,381}11,331 * 12,231
Terr. 10,140$155 11,228}11,128 11,915$195 12,053
Terr. 10,170$195 11,126}11,104 11,850$200 11,990
Terr. 9,640$190 11,081}10,973 11,745$205 11,902
Terr. 10,160$115 11,020}11,000 * 11,885

�Local varve years covered by each sample; the years were obtained through a correlation of the varve diagrams to the local varve chronologies in
each area (i.e. Ringberg, 1991; Kristiansson, 1986; StroK mberg, 1994). Cal yr BP are based on wiggle-matching with the OxCal Program (Bronk Ramsey,
1995), except for the samples from sites 43 and 44, which were only calibrated.
�Adjusted varve yr BP are according to AndreH n et al. (1999), who suggest that 875 years are missing in the STS.
�Comparison with the GRIP event stratigraphy (BjoK rck et al., 1998a) assuming that the local varve year #300 corresponds to the B+lling/Older
Dryas pollen zone transition.
�Bottom sediment. Pollen stratigraphic investigations in Blekinge and eastern Sma� land (sites 39, 41) were performed by Ising (1998; submitted), in
southern Sma� land (site 42) by Svensson (1989) and in OG stergoK tland (sites 45, 50) by BjoK rck (1999). The radiocarbon dates and their estimated cal yr BP
do not always give the actual time of deglaciation for the di!erent sites (see text andWohlfarth et al., 1995, 1998a, b), because samples were often taken
above the bottom varves.
�Synchronization with Lake Gosciaz presented in Goslar et al. (1999) and Wohlfarth et al. (1998b).

&14,200 cal yr BPmay be obtained (Table 4). This latter
age assignment as well as the ice core ages "t fairly well
with the calibrated age of &14,150$600 cal yr BP for
the local varves #266 to #299, which according to
pollen stratigraphy correspond to the B+lling/Older
Dryas pollen zone transition. However, for the varves
between the local varve years #108 and #226, the

calibrated ages (&14,900}14,800 cal yrBP) and the cal-
culated ice core ages (&14,100}14, 200 GRIP yr BP)
diverge (Table 4). Since the varve chronology for this
time period is well established, we consider here the ice
core age estimates as more correct.
The local varve chronology shows that the east coast
of Ska� ne became deglaciated before the local varve year
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}300 and that the coast up to the southeastern corner of
Sma� land was ice free around the local varve year }100
(Ringberg, 1991) (Fig. 4). This would then, according to
the assumptions outlined above correspond to 14,650
GRIP yr BP/14,690 GISP yr BP/&14,800 cal yr BP and
14,450 GRIP yr BP/14,490 GISP yr BP/14,600 cal yr BP,
respectively. The calculated cal yr age estimates indicate
that, due to the complicated structure of the calibration
curve between 12,500 and 12,800BP, the calibrated ages
of the older radiocarbon dates mentioned above must be
overestimated.
Investigations on lake sequences situated above the
highest coastline by BjoK rck (1981) and BjoK rck andMoK ller
(1987) show that several of these sites had become ice-free
during the later part of the B+lling pollen zone or at the
transition between the B+lling and Older Dryas pollen
zones (Figs. 3 and 4), which is in accordance with the
clay-varve chronology. However, BjoK rck and MoK ller
(1987) also concluded that stagnant ice remained in areas
above the highest coastline until about the beginning of
the Aller+d pollen zone.
Based on the above outlined arguments, we can con-
clude that the coastal area of Blekinge and southeastern
Sma� land up to the highest shoreline became deglaciated
during the B+lling pollen zone, i.e. between 14,650
GRIP/14,690 GISP/14,800 cal yr BP and 14,350
GRIP/14,390 GISP/&14,500 cal yr BP (Fig. 4).

5.2. Sma� land and southern OG stergoK tland

Unfortunately, no reliable varve chronology exists that
allows linking the local varve chronologies in Blekinge
and Sma� land to each other (Fig. 1). Furthermore, the
correlation between the varve diagrams on which the
varve chronology in Sma� land is based (Kristiansson,
1986) is fairly poor and shows several major errors
(Holmquist and Wohlfarth, 1998). The "rst continuous
and well-established varve chronology comprises only
the area north and south of Kisa in OG stergoK tland (Woh-
lfarth et al., 1998a). The timing of the ice recession
between Blekinge and Sma� land can, therefore, only be
estimated based on a combination of radiocarbon dates
and single #oating varve diagrams.
The oldest AMS ��C dates, which could be obtained
on varved clays from the Sma� land chronology are from
site 43, and give an age of c. 11,500}11,800BP (Table 4). If
the weighted mean of these radiocarbon ages
(&11,700BP) is compared to the calibration curve an
age of &13,900 cal yr BP can be obtained. The varve
diagram from ToregoK l cannot be directly correlated to
the oldest diagrams in the Sma� land chronology. How-
ever, based on the transition from thin to thick varves,
which is characteristic for the oldest diagrams around
HoK gsby (Kristiansson, 1986), the ToregoK l diagram can be
tentatively linked to the neighbouring diagrams (Woh-
lfarth et al., 1998a). Following Kristiansson (1986), the

area became deglaciated 265 varve years before the
transition to the thicker varves. Assuming a deglaciation
age of&13,900 cal yrBP for site 43 and a correlation to
Kristiansson's varve diagrams, we may conclude that
the HoK gsby area became ice free at &14,250 cal yr BP
(Fig. 4). Such an age estimate corresponds to&14,040}
14,090 ice yr BP (see Table 2) and compares also well with
pollen stratigraphic investigations by Svensson (1989)
(site 42 in Fig. 3), who concluded that the area became ice
free before the Older Dryas pollen zone. If these age
assignments are correct, then the area between Kalmar
and HoK gsby must have become deglaciated during the
later part of the B+lling pollen zone.
One radiocarbon date on varved clays from site 44
gave an age of 11,530BP (Table 4) or 13,550$
350 cal yrBP. The correlation of the varve diagram to
close-by varve diagrams shows that the area became
deglaciated c.130 years earlier. During recent "eld obser-
vations a section comprising thick proximal varved clays,
which is overlain by a diamicton, was discovered south-
west of site 44 (S. BjoK rck, pers. communication). Al-
though it is not clear if the overlying diamicton is a real
till, it is evident that some oscillations of the ice margin
must have occurred in this area.
Compared to the Sma� land chronology, the clay-varve
chronology in southern OG stergoK tland is well established
and could, through numerous radiocarbon measure-
ments, be synchronised with the calendar-year chrono-
logy established at Lake Gosciaz in Poland (Wohlfarth
et al., 1998a; Goslar et al., 1999). The Gosciaz varve
chronology compares well with the GRIP ice core record
and in the following, we therefore equal the estimated
calendar years according to the Gosciaz chronology with
GRIP yr BP. The varve chronology established by
Wohlfarth et al. (1998a) ranges between 2475 and 1700
local varve years or c. 13,200 and 12,350 GRIP yr BP and
covers the end of the AlleroK d and the early part of the
Younger Dryas pollen zones. Pollen-stratigraphic invest-
igations on the radiocarbon-dated clay varves (BjoK rck,
1999a) showed that the transition between the AlleroK d
and Younger Dryas pollen-zones occurred at the local
varve year 2000 or 12,650 GRIP yr BP.
Table 4 shows the age estimates, which were obtained
by synchronizing the clay-varve chronology with Lake
Gosciaz (Goslar et al., 1999) and those obtained through
a calibration of the radiocarbon dates according to
Stuiver et al. (1998). The o!set between the two age
assignments is due to a di!erent estimate for the length of
the Younger Dryas (see Table 2), which is 1150 yr in
Gosciaz and the GRIP ice core (BjoK rck et al., 1998a), but
&1250 in the GISP ice core (Stuiver et al., 1995) and
&1500 years in IntCal98 (Stuiver et al., 1998). In Fig. 4
we have taken into account these di!erent age estimates
and present GRIP yr BP, as well as the corresponding
GISP yr BP and cal yr BP. The timing of the deglaciation
of the individual sites follows Wohlfarth et al. (1998a)
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Fig. 5. Glaciotectonic structures in the Levene Moraine at Levene. Photo Lundqvist (1968).

and does not always correspond to the radiocarbon ages
shown in Table 4, because these were obtained on varved
clays well above the bottom varves.

6. Correlation between southwestern and southeastern
Sweden

As outlined above, the distinct moraine ridges of west-
ern Sweden change eastward into more irregular land-
scapes of hummocky moraine. A reliable reconstruction
of their continuation towards the east coast, would need
more extensive air-photo interpretation combined with
"eld mapping and more detailed lithostratigraphic
investigations of supposed ice marginal deposits than has
hitherto been done (Fig. 5). Furthermore, in order to
assess the likely age of these deposits and to assure that
the correlations are correct, bottom sediments in lakes
adjacent to these ice marginal lines should be radiocar-
bon dated with high precision. Until such investigations
have been performed, the supposed eastward continua-
tion or age-equivalent correlation presented here remains
speculative. Although we try here, based on the available
data sets, to reconstruct approximately the likely posi-

tion of the ice margin at di!erent time slices, this recon-
struction should by no means be regarded as a true
west-east correlation of ice marginal deposits (Fig. 6).

6.1. Hallands Coastal Moraines (HCM)

Following Lagerlund and Houmark-Nielsen (1993),
who base their arguments on radiocarbon dates of
&14,100 and 14,000BP on mollusc shells (Pa� sse, 1992),
and Berglund (1995), who concluded that the area
became ice free'12,800BP, we suppose that the HCM
formed at &18,000}16,000 cal yrBP, and that areas
occupied by the former ice sheet had become ice free
some time between '&15,500 and 14,550 cal yr BP.
The complicated structure of the radiocarbon calibration
curve makes it impossible to assign exact cal yr ages for
deposits, which are radiocarbon dated at around
12,500}12,800BP. Nevertheless, given the radiocarbon
dates and the pollen stratigraphy, the deglaciation must
have occurred during the Oldest Dryas pollen zone.
Although the southern extension of the HCM is not well
known, we follow here Lagerlund and Houmark-Niel-
sen's (1993) north-south reconstruction through Ska� ne
(Figs. 1 and 6).
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Fig. 6. A likely age-equivalent west}east correlation of ice marginal lines, based on the assumption discussed in the text and the age estimates
presented in Fig. 4 and Tables 1}4.

6.2. GoK teborg Moraine

The deposits associated with the GoK teborg Moraine
on the west coast show clear evidence for oscillations of
the ice margin. Andersson (1998) suggested that a likely
continuation of the GoK teborgMoraine could be followed
as far to the east as the Bolmen area, where he also
interpreted sediments as indicative for an oscillating ice
margin (Fig. 1). For the west coast, Hillefors (1975, 1979)
assumed an initial deglaciation at 12,800BP and a read-
vance at 12,700BP, which was followed by a "nal de-
glaciation at 12,600BP. Berglund (1995), on the other

hand, placed the formation of the GoK teborg Moraine at
&12,600BP. Based on these radiocarbon age estimates,
the GoK teborg Moraine has been interpreted as having
been formed either during the Older Dryas, the B+lling or
Oldest Dryas period (e.g. Berglund, 1979; BjoK rck and
MoK ller, 1987; BjoK rck et al., 1988; Andersson, 1998). If we
compare the above cited radiocarbon years with the
radiocarbon calibration curve, they translate into
&15,400 and 14,500 cal yr BP (see above), which is older
than the age assignment of the B+lling pollen zone and
would place the formation of the Moraine within the
Oldest Dryas pollen zone (Table 2).
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Recently, Ising (submitted) has shown, based on pollen
stratigraphy and clay-varve chronology, that the deglaci-
ation of Lake Bolmen had started aby the very beginning
of the B+lling pollen zone (&14,700 GRIP yr BP) and
that the whole lake had become ice-free within a period
of 250 years (Fig. 6). This age estimate could compare to
&14,800 cal yrBP, if we assume &14,200 cal yr BP for
the B+lling/Older Dryas transition and a length of
&600 yr for the B+lling period (Table 2). The deglaci-
ation of the coastal area of NE Ska� ne and southern
Blekinge, which is reconstructed based on a clay-varve
chronology, combined with pollen and radiocarbon
stratigraphy, occurred during the B+lling pollen zone, i.e.
between 14,650}14,350GRIP yr BP or &14,800}
&14,600 cal yrBP (Fig. 6). An ice marginal line, extend-
ing west}east towards Lake Bolmen during the B+lling
pollen zone (Andersson, 1998) is fairly di$cult to recon-
cile given these records. The picture presented by
Hillefors (1975, 1979), i.e. an ice marginal line south of
Lake Bolmen, combined with the age estimates of
&15,400}14,500 cal yrBP (see above), seem to "t well
with Ising's (submitted) results for the timing of the
deglaciation of Lake Bolmen and could be taken as
evidence that the GoK teborg Moraine was formed during
the later part of Oldest Dryas. There are no morphologi-
cal features that would allow the GoK teborg Moraine to
be traced towards the coast of Ska� ne and Blekinge. An
age estimate of&14,800 cal yrBP or 14,650 GRIP yr BP
for the start of the deglaciation in NE Ska� ne may indicate
that an age-equivalent to the GoK teborg Moraine could
be situated somewhere south or among the oldest ice
recession lines in NE Ska� ne and Blekinge.

6.3. Berghem Moraine

The Berghem line, which forms a distinct ice marginal
line along the west coast, has been radiocarbon dated to
&12,350}12,250BP (i.e. &14,400}14,200 cal yrwBP)
(FredeH n, 1988; Pa� sse, 1992). Indirect age estimates on
lake sediments show an ice-free area east of the Berghem
Moraine'12,150BP (i.e.'14,100 cal yr BP) or during
the Older Dryas pollen zone. Taken together, this indi-
cates that the formation of the ice marginal line pre-dates
the Older Dryas pollen zone and that the most likely age
for its deposition would range within the B+lling pollen
zone (see Table 2). An age-equivalent eastward correla-
tion should be situated somewhere north of Lake
Bolmen, whose northern end had become ice-free at
14,450 GRIP yr BP, which may correspond to&14,600
cal yr BP. Further east, an age-equivalent may be found
in a zone, which extends south of HoK gsby (Fig. 6). The
coastal area of Blekinge and southern Sma� land up to
HoK gsby was rapidly deglaciated after 14,450 GRIP yr BP
(&14,600 cal yr BP) and indications of a B+lling age can
even be inferred from lake sediments close to HoK gsby
(Svensson, 1989).

6.4. TrollhaK ttan Moraine

The extension of the TrollhaK ttan line is clear only in
the northwestern part of the area and its southern exten-
sion around Lake VaK ttern (Fig. 2, which is still uncertain,
was discussed above. The timing of the formation of this
ice marginal line is, based on a combination of lake
sediment studies (BjoK rck and Digerfeldt, 1982) and
radiocarbon dates on mollusc shells (FredeH n, 1988), esti-
mated at '11,900}11,800 BP or '&14,200 cal yr BP
(Table 1). Corresponding age equivalents of this line
could be situated somewhere south of Lake VaK ttern and
further east, south of the ice recession line given for site
44 (Figs. 3 and 6). The varve chronology in this area is
uncertain and radiocarbon dates are too scarce to allow
the position of the ice margin at that time to be deter-
mined with any con"dence. However, a section compris-
ing proximal varves overlain by diamict material was
observed recently southeast of site 44 and this could be
an indication for some oscillations of the ice margin
(BjoK rck, pers. communication). If the estimated time
period is correct this would imply that the TrollhaK ttan
Moraine was formed during the Older Dryas pollen zone
(Table 2).

6.5. Levene Moraine

The extension of the Levene line was described above
as far to the east as the basin of Lake VaK ttern. However,
east of Lake VaK ttern its extension is rather unclear and
several di!erent locations have been proposed. Persson
(1983) favoured a northerly position, east of NorrkoK ping.
This, however, coincides with what is described below as
the southernmost position of the Younger Dryas line.
According to most authors, the continuation of the
Levene line is considered to be located further to the
south, extending eastward from the southern end of Lake
VaK ttern (Agrell et al., 1976; Berglund, 1979). Nilsson
(1968), on the other hand, proposed an intermediate
position.
As shown in Table 1 and outlined above, the approx-
imate age for the formation of the Levene line on the west
coast may range between 11,600 and 11,200 BP or
&13,400 cal yrBP. Age equivalents for this time period
on the east coast may be found around site 45, which
gave radiocarbon ages of 11,400}11,500BP for its bot-
tom sediments (Figs. 3 and 6). The site became ice free at
&12,800 GRIP or &13,200 cal yr BP. Some 10 km
south of the recession line 2400 (&13,000 GRIP or
&13,400 cal yrBP), strongly tectonised clay varves have
been observed at several localities. These features,
together with the age estimates, could point to an
age-equivalent correlation of the Levene line with
approximately the local varve years &2400}2200 (i.e.
13,040}12,840 GRIP or &13,400}13,200 cal yr BP
(Fig. 6). With some speculation, this time period could
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correspond to the so-called GI-1b event in the GRIP ice
core (BjoK rck et al., 1998a).

6.6. The Younger Dryas Moraines

The general west}east continuity of the SkoK vde-Billin-
genMoraines is good, but we do not know yet if the lines
in the east and west are exactly contemporaneous. The
present correlation is based mainly on morphology and
on the clay-varve chronology presented by Perhans
(1981). Some problems still exist, and the connections
across the line itself, e.g. by Kristiansson (1986), are not
entirely convincing. We know from Finland that the
retreat from the two SalpausselkaK arcs was not contem-
poraneous (Donner, 1978), and the same might apply to
the Scandinavian Peninsula. For instance, the beginning
of the formation of the southernmost moraines, at
Halleby, took place at Kristiansson (1986) local varve
year 1760, which according to him corresponds to the
AlleroK d/Younger Dryas boundary. According to the
revision by Goslar et al. (1999) and Wohlfarth et al.
(1998a) this boundary is some 200}240years older than
previously anticipated and corresponds to the local
varve year 2000 or to about 12,650 GRIP yr BP. One
possibility is that the ice recession line at the varve year
2000 represents the beginning of the Younger Dryas cold
phase, and that the ice continued to recede for another
200}240years, before it started to stagnate and/or read-
vance. Disturbed varved clay sequences just south of the
eastern part of the SkoK vde line, east of Lake VaK ttern, may
be an indication for this. On the other hand, the o!set
between the Swedish varve chronology and other calen-
dar-year time scales is 875 years at the Younger
Dryas/Holocene boundary (AndreH n et al., 1999), but
only 650 years at the Aller+d/Younger Dryas transition
(Wohlfarth et al., 1998a; Wohlfarth and Possnert, 2000).
This could in turn indicate, that Kristiansson (1986) and
Brunnberg (1995) correlations across the Younger Dryas
Moraines need revision.

7. Conclusions

The timing of the deglaciation of southern Sweden, in
particular the age assigned to the distinct ice marginal
features on the Swedish west coast and their correlation
with the features formed during the ice recession on the
east coast has been a matter of debate for more than
100 years (see summary in Berglund, 1979). Previously,
correlations have been mainly based on morphology, but
clay-varve chronological studies, radiocarbon measure-
ments and pollen stratigraphic investigations have now
resulted in a more di!erenciated picture. However, the
issue remains complicated as the chronology of the ice
marginal landforms and sediments on the west coast is
based mainly on radiocarbon dated mollusc shells and

the ice recession along the east coast has been reconstruc-
ted mainly by clay-varve chronology.
The likely scenario, which is presented here, takes into
account new pollen stratigraphic investigations on lake
sediment sequences adjacent to the ice marginal lines on
the west coast, pollen stratigraphic studies on varved
clays in the central part and radiocarbon measurements
and pollen stratigraphic investigations, combined with
a varve chronology on the east coast. Furthermore, all
age assignments were converted into cal yr BP according
to IntCal98 (Stuiver et al., 1998), to allow age-equivalent
comparisons on the same type of time scale.
Our reconstruction assumes that both the Halland
Coastal Moraines (HCM) and the GoK teborg Moraine
were formed around&18,000}16,000 and'&15,400}
14,500 cal yr BP, respectively or during the Oldest Dryas
pollen zone. Such an age assignment is in accordance
with Lagerlund and Houmark-Nielsen (1993) for the
HCM and BjoK rck et al. (1988) for the GoK teborgMoraine.
It also compares well with investigations by Sandgren et
al. (1999), who showed that areas in NW Ska� ne were ice
free as early as &17,000 cal yr BP, with deglaciation
ages of '15,450}14,450 cal yr BP for a site in southern
Ska� ne (Wohlfarth et al., 1998b) and the start of the
deglaciation of Lake Bolmen at 14,700 GRIP yr BP
(Ising, submitted). While we adopted Lagerlund and
Houmark-Nielsen's (1993) suggestion for a north}south
extension of the HCM, we place the southeastern exten-
sion of the GoK teborg Moraine as far as to the southern
end of Lake Bolmen. Its continuation further to the
southeast or east remains unclear.
The next younger BerghemMoraine has a likely age of

&14,400}14,200 cal yrBP, which places its formation
during the later part of the B+lling pollen zone and
corresponds thus to the age assumed by BjoK rck et al.
(1988). An age-equivalent ice margin could have been
situated more or less west}east across central Sweden,
from north of Lake Bolmen towards the town of HoK gsby
on the east coast (Fig. 6). This reconstructed extension of
a likely ice margin is slightly di!erent than the one
assumed by BjoK rck et al. (1988). While the ice margin
receded only slowly along the west coast, large areas in
the western part of the central highland and along the
southeastern and eastern coast were rapidly deglaciated
between&15,000 and&4,400 cal yrBP. However, stag-
nant ice remained in higher elevated areas and did not
melt until &13,900 cal yrBP. The TrollhaK ttan Moraine
is assumed to have been formed around
&14,200 cal yrBP, which we parallel with the Older
Dryas pollen zone in accordance with BjoK rck et al.
(1988). The age-equivalent ice margin on the east coast
could have been situated in a zone north of HoK gsby, but
its position in the central part is not clear (Fig. 6). A rapid
deglaciation along the east coast, which was followed by
a more complicated deglaciation pattern between
&14,400 and &14,100 cal yrBP, would explain why it
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has been di$cult to construct a clay-varve chronology
for this part of Sweden. The ice recession on the east
coast is in general regarded as having been continuous.
However, the thin varves, which were deposited north of
HoK gsby, may indicate a slow-down of the ice recession
and the diamicton observed NE of HoK gsby may point to
an oscillating ice margin.
The formation of the Levene Moraine likely occurred
at around 13,400 cal yr BP, or during the upper part of
the Aller+d pollen zone. This estimate is considerably
younger than assumed by BjoK rck et al. (1988). Although
its exact position in the Lake VaK ttern region is uncertain,
an age-quivalent ice margin could have extended from
the southern end of Lake VaK ttern towards the northeast
(Fig. 6). Indications for oscillations of the ice margin on
the east coast may be found in slightly tectonised varved
clays, which were deposited south of the recession line
2400. Although speculative, the Levene Moraine may
have been formed during the so-called GI-1b event or
Gerzensee-Oscillation (BjoK rck et al., 1998a). During the
Aller+d pollen zone large areas, which had previously
been covered by stagnant ice became gradually ice free,
both in the southern and northern part of the central
highland.
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