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Published and unpublished 14C dates for Sweden older than the Last Glacial Maximum ice advance were eval-
uated. Acceptable 14C dates indicate that age ranges for interstadial organic material in northern and central
Sweden are between c. 60 and c. 35 cal. kyr BP and for similar deposits in southern Sweden are between c. 40 and
c. 25 cal. kyr BP, which is in good agreement with recently derived Optical Stimulated Luminescence ages.
14C dates on mammoth remains show a larger scatter, possibly as a result of incomplete laboratory pretreatment.
A possible scenario based on calibrated 14C dates from interstadial deposits is that central and northern Sweden
was ice-free during the early and middle part of Marine Oxygen Isotope Stage 3 and that southern Sweden re-
mained ice-free until c. 25 cal. kyr BP. A first ice advance into northern and central Sweden might have occurred as
late as around 35 cal. kyr BP, more or less coeval with the Last Glacial Maximum ice advance onto the Norwegian
shelf. To test the conclusions drawn here, new multi-proxy and high-resolution investigations of several key sites in
north, central and south Sweden are required.
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Ocean, land and ice archives in both hemispheres re-
cord distinct responses to the millennial-scale climate
shifts of the last glacial period (Dansgaard et al. 1993;
Johnsen et al. 2001; Vœlker et al. 2002; EPICA 2006;
Grimm et al. 2006; Hughen et al. 2006; Clement & Pe-
terson 2008; Wang et al. 2008). The quasi-cyclic alter-
nations between cold stadials and warm interstadials
seem to have been most pronounced during Marine
Oxygen Isotope Stage (MIS) 3, between 60 and 30 kyr
BP, and were most strongly felt around the North
Atlantic region (Rasmussen et al. 1996, 2003; Allen
et al. 1999; Shackleton et al. 2000; Vœlker et al. 2002;
Tzedakis et al. 2004; Roucoux et al. 2005; Grimm et al.
2006; Rousseau et al. 2007; Sánchez-Goñi et al. 2008;
Wohlfarth et al. 2008). The duration of these millen-
nial-scale events, which are known as Dansgaard-
Oeschger or DO events, but are now referred to as
Greenland Stadials (GS) and Greenland Interstadials
(GIS) (Lowe et al. 2008), varied between c. 5000 years
for the longest interstadials (GIS 14–13) and c. 500
years for shorter interstadials (e.g. GIS 4), whereas sta-
dials lasted up to c. 1000 years (Krogh Andersen et al.
2006) (Fig. 1A).

Temperatures reconstructed from ice cores show
amplitude shifts of 8–161C over Greenland at the tran-
sition from cold stadials to warm interstadials (Landais
et al. 2004; Huber et al. 2006), similar to sea-surface
temperature (SST) shift estimates for the near-shore
mid-North Atlantic (Sánchez-Goñi et al. 2008). How-
ever, whereas Greenland temperatures gradually de-
clined during the course of an interstadial,
temperatures in the moisture source region decreased
much later, which seems to indicate shifts in the posi-
tion of the Polar Front (Jouzel et al. 2007). Mechanisms

proposed to explain the underlying causes of these ra-
pid climate shifts include changes in ocean thermoha-
line circulation (Knutti et al. 2004), interactions of wind
fields and continental ice sheets (Wunsch 2006), sea-ice
feedbacks, and tropical processes (Clement & Peterson
2008). Although the impact of millennial-scale climate
variability seems evident in numerous archives, a recent
modelling study by Flückiger et al. (2008) found that
differences in the strength of the Atlantic meridional
overturning result in large seasonal and geographical
temperature differences. At high northern latitudes the
change from cold stadials to warm interstadials was, for
example, accompanied by a strong increase in winter
temperatures, whereas summer temperatures changed
only slightly.

Correlations between North Atlantic marine se-
quences and Greenland ice-core d18O records showed
that high amounts of ice-rafted debris (IRD) and ex-
tremely cold SSTs occurred prior to GIS 12, 8, 4, 2 and
1 (Bond et al. 1993). These so-called Heinrich events
(Fig. 1A), which originated from surges of Northern
Hemisphere ice sheets (Hemming 2004), caused a rise in
global sea level (Chappell 2002; Lambeck et al. 2002;
Rohling et al. 2004; Rohling & Pälike 2005), which in
turn could have caused further destabilization of the
large ice sheets. Provenance analyses of Heinrich-layer
detritus in North Atlantic marine sediments indicate
that the IRD is derived from the Hudson Strait region/
Laurentide ice sheet (Hemming 2004), although pre-
cursor events could possibly have originated from Eur-
opean and Icelandic ice sheets (Grousset et al. 2000,
2001). Meltwater peaks in the Norwegian Sea during
MIS 3 have been associated with Heinrich events and
millennial-scale climate variability (Lekens et al. 2006),
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which would imply that the Scandinavian Ice Sheet
(SIS) acted as a significant meltwater source, through
the drainage of ice-dammed lakes and/or through sub-
glacial meltwater release.

A response of the SIS margin to some of these mil-
lennial-scale climate shifts can indeed be inferred from
studies along the Norwegian coast (Olsen 1997; Man-
gerud et al. 2003, 2009; Mangerud 2004), and in Den-
mark (Houmark-Nielsen & Kjær 2003; Houmark-

Nielsen 2007) and northern Finland (Helmens et al.
2007a, b). The size and the extent of the SIS duringMIS
3 are, however, still controversial issues, and several
different ice-sheet scenarios exist. The ‘larger ice sheet’
scenario suggests that the SIS advanced during MIS 4
and subsequently covered Norway, Sweden, Finland,
parts of Denmark and the whole Baltic Sea basin (e.g.
Donner 1996; J. Lundqvist 2004). Ice-marginal strati-
graphies indicate, on the other hand, complex advance
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Fig. 1. A. The Greenland ice-core oxygen isotope (d18O) stratigraphy for MIS 2 and MIS 3 from NGRIP (Krogh Andersen et al. 2006).
GIS=Greenland interstadials, H=Heinrich events. B. Glaciation curve for Norway according to Vorren & Mangerud (2008), Mangerud
(2004) and Mangerud et al. (2003, 2009); the correlation between ice advances in Norway and the Greenland d18O stratigraphy is based on the
detection of the Laschamp andMono Lake palaeomagnetic excursions in cave sediments. Ice advances and ice-free conditions in Denmark (C)
according to Houmark-Nielsen (2007, 2009), in Sweden (D) after Kjær et al. (2006) andUkkonen et al. (2007), and in Finland (E) afterMäkinen
(2005), Helmens et al. (2007a, b) and Lunkka et al. (2008). The correlation between ice advances/retreat phases in C–E and the Greenland d18O
stratigraphy is based on the age assignments provided by the individual authors. Ice-free intervals are shown in brown, and ice advances in blue.
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and retreat patterns duringMIS 3 (Houmark-Nielsen &
Kjær 2003; Mangerud et al. 2003, 2009, Mangerud
2004; Houmark-Nielsen 2007, 2010; Larsen et al. 2009),
with ice-free conditions along the Norwegian coast,
Denmark and southernmost Sweden alternating with
ice advances into Denmark and onto the Norwegian
shelf (Fig. 1B, C). Ice retreat along the Norwegian coast
(Bø/Austnes, Ålesund) coincided with a series of espe-
cially warm Greenland Interstadials (Mangerud et al.
2003, 2009; Mangerud 2004) (Fig. 1A, B). However, the
advance and retreat phases of the SIS along the Nor-
wegian coast and in southernmost Scandinavia seem to
have been partly asynchronous (Fig. 1B, C). The Ris-
tinge advance into Denmark is, for example, dated to
the same time interval as the Bø/Austnes interstadial in
Norway. The ‘small ice sheet’ scenario of Arnold et al.
(2002) suggests a minimum ice sheet centred over
southern Norway, or possibly an ice-sheet margin ter-
minating in south-central Sweden. A smaller MIS 3 ice
sheet terminating in south-central Sweden (Arnold
et al. 2002) seems compatible with ice-free conditions in
Sweden (Kjær et al. 2006; Ukkonen et al. 2007) (Fig.
1D), and in Finland (Ukkonen et al. 1999, 2007;
Mäkinen 2005; Helmens et al. 2007a, b; Lunkka et al.
2008) (Fig. 1E). Simplified ice-sheet models driven by
the temperature record of the Greenland ice cores pro-
duce distinct ice-sheet responses to millennial-scale cli-
mate shifts (Arnold et al. 2002; Näslund et al. 2003;
Forsström & Greve 2004), which suggest that fast ice
flow resulting from wet basal conditions could have
played an important role and could easily have influ-
enced ice-sheet dynamics duringMIS 3. Ice dynamics as
derived from these models would thus have been con-
siderably different from and much more variable than
the dynamics reconstructed from geological data.

The discrepancies between the ice-sheet scenarios of,
for example, Donner (1996), J. Lundqvist (2004), Hou-
mark-Nielsen & Kjær (2003), Mangerud (2004), Man-
gerud et al. (2009) and Houmark-Nielsen (2007) and
those suggested by Arnold et al. (2002), Näslund et al.
(2003), Forsström & Greve (2004), Ukkonen et al.
(2007), Helmens et al. (2007a, b) and Lunkka et al.
(2008) and, to some extent also Kjær et al. (2006),
are related to the often fragmentary occurrence of in-
terstadial deposits in Fennoscandia, to the lack of mul-
ti-proxy studies on stratigraphic sequences from the
centre of the former ice sheet, to the limits of the dif-
ferent dating techniques and to the basic assumptions
used in ice-sheet models. Stratigraphic sections with
good age control are not available from the centre of
the former SIS, but a large number of older 14C, TL/
OSL (thermoluminescence/Optical Stimulated Lumi-
nescence) and Uranium-series (U-series) dates exist for
Norway, Denmark, Sweden and Finland for the time
interval prior to the Last Glacial Maximum. The qual-
ity of many of these older 14C, TL and Uranium-series
dates has, however, repeatedly been questioned (e.g.

Mangerud 1991; Robertsson 1991; J. Lundqvist 1992,
1997; Donner 1996), and most if not all radiocarbon
dates were regarded as too young when compared with
pollen-stratigraphic results. Because several of these
data points were used by Arnold et al. (2002) to con-
strain the margin of the SIS during MIS 3, and because
the different age assignments are often cited, it seemed
timely to re-assess the validity of published and un-
published TL/OSL, 14C and U-series dates and to eval-
uate if and to what extent these data sets can be used to
infer ice-sheet presence, ice-sheet absence or ice-sheet
fluctuations during MIS 3.

Here I make use of a compilation of published and
unpublished TL/OSL, 14C and U-series dates that was
commissioned by the Swedish Nuclear Fuel and Waste
Management Company (SKB) to support data-model
comparisons for different climatic scenarios (Kjellström
et al. 2009; Wohlfarth 2009). With a focus on Sweden
(i.e. the centre of the former SIS), I test the reliability of
these dates and discuss whether conclusions can be
drawn regarding ice-free conditions during MIS 3.

Compilation and evaluation of MIS 3 age

measurements

Age measurements assembled in the database (Fig. 2)
include TL/OSL, U/Th- and U-series and 14C dates
from Denmark, Sweden, Norway and Estonia, and to
some extent also from Finland (a complete data set for
Finland is lacking in this database) (Wohlfarth 2009).
Most of the TL/OSL data points are from recent stu-
dies in Denmark and southern Sweden by Houmark-
Nielsen (2003), Houmark-Nielsen & Kjær (2003), Kjær
et al. (2006) and Houmark-Nielsen (2007), and from
investigations in Finland by Helmens et al. (2007b).
Apart from these new data sets only a few older TL/
OSL data points exist for Norway (Larsen & Ward
1992; Olsen & Hammer 2005), Sweden (Garcı́a Am-
brosiani 1990) and Estonia (Kalm 2006). The same is
true for U/Th- or U-series dates, there being 19 old data
points for Norway (Olsen & Hammer 2005) and only
one for Sweden (J. Lundqvist & Miller 1992). Because
most recent OSL dates have been extensively
discussed in Houmark-Nielsen (2003, 2007), Houmark-
Nielsen & Kjær (2003), Kjær et al. (2006) and Helmens
et al. (2007b), the focus will here be on an evaluation of
14C age measurements (Fig. 3A, B). References to pub-
lished and unpublished 14C, OSL/TL and U/Th dates
from Norway, Sweden, Finland, Russia, Estonia and
Denmark that have been compiled in the data base for
the time intervals prior to the Last Glacial Maximum
(Figs 2, 3A, B) are given in Appendix 1.

The material that had been used for 14C dating varied
widely in composition and comprised inorganic and
organic bulk sediments, plant material of lacustrine,
marine and/or terrestrial origin, animal bones and
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teeth, marine shells and foraminifera (Fig. 3A). Each of
these types of material is subject to a number of pro-
blems, which have been extensively discussed in the lit-
erature (e.g. Olsson 1979; Björck & Wohlfarth 2001;
Mangerud et al. 2006; Hajdas 2007). Important issues
when dealing with 14C dates in general and old dates
specifically are, for example, the careful selection and
treatment of samples prior to sending them to the 14C
laboratory; pretreatment procedures in the 14C labora-
tory and the background of the 14C laboratory. Many
of these points are now carefully addressed when sam-
pling, preparing and dating sediments and organic
matter, but were or could not be dealt with in earlier
studies (Olsson 1979).

Terrestrial plant macrofossils, especially delicate
leaves, are generally regarded as ‘safe’ for 14C dating,
provided that the fossil remains are not reworked from
older sediments. Reworked peat can, for example, ea-
sily become infiltrated by humid acids or roots from
overlying younger sediments, and 14C dates of
30–50 kyr BP obtained on Eemian and/or Holsteinian
peat in for example Estonia clearly show the danger of
accepting these dates as accurate (Kalm 2005, 2006).
Sediment samples with low organic carbon content re-
sult in erroneous ages because the carbon contained in

these samples might be reworked or, if contemporaneous
with the sediments, can easily become contaminated
during sample handling (Björck & Wohlfarth 2001 and
references therein). Organic sediments, such as gyttjas,
have been shown to provide both reliable and unreli-
able 14C ages, depending on the organic matter source.
The alkali-soluble (SOL) humic and/or alkali-insoluble
(INS) humin fractions extracted from these types of
sediments have been tested extensively for 14C dating
(Björck & Wohlfarth 2001 and references therein).
Usually the SOL fraction results in younger ages than
the INS fraction, but, depending on the origin of the
dated sediment material, either could represent the
correct age. It is thus of importance to know if these
fractions represent infiltrated organic material, con-
temporaneous organic material, or old and reworked
organic matter. The same holds true when different size
fractions of bulk organic material are dated. Fine or-
ganic matter may have been recycled several times,
whereas coarse organic matter could originate from
plants growing in the immediate surroundings. In ad-
dition, organic sediments, such as gyttja, may contain
both terrestrial and limnic organic material; if derived
from hard-water lakes, the latter can result in 14C ages
that are too old.
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5°E
10°E 15°E 20°E 25°E
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Dating methods

OSL, OSL-Q, OSL-F 14CU/Th, U-seriesTL, TL/OSL, TL-F

Fig. 2. Data points collected in the database up
to May 2008 (note that the data set for Finland
is still incomplete), divided into the different
types of dating methods (see Appendix 1 for
reference list). The data collection is stored
at the Swedish Nuclear Fuel and Waste
Management Company and at the Department
of Geology and Geochemistry, Stockholm
University.

380 Barbara Wohlfarth BOREAS



Bones, ivory, teeth and wood that have been covered
by sediment and/or peat for thousands of years are of-
ten prone to contamination by younger carbon (Hajdas
2007). Some of this contamination is routinely removed
in the 14C laboratory (e.g. crystallized carbon on bone
surfaces), whereas other types of contamination (e.g.
post-depositional incorporation of humic substances
into the porous bone structure) (van Klinken & Hedges
1995) can only be removed by rigorous laboratory pre-
treatments. The gradual decomposition process of
bones decreases their collagen content, and very old
bone samples may therefore contain only a small
amount of datable collagen.

The background of the 14C laboratory, adequate
pretreatment processes and very low levels of con-
tamination are important prerequisites for obtaining
accurate 14C ages for old samples (Hogg et al. 2006).
14C laboratories that routinely date old samples employ
the ABA or AAA (acid-alkali-acid) method as a che-
mical pretreatment for wood and peat to remove con-
tamination with old and modern carbon. However,
because the alkali step of the ABA method might be
responsible for contamination with modern carbon
(e.g. Hatté et al. 2001 and references therein), the so-
called ABOX method (a wet oxidation technique with
stepped combustion of samples) is now being used
(Bird et al. 1999). This procedure is regarded as pro-

viding reliable 14C ages (Blockley et al. 2008). The most
commonly used pretreatment method for ancient bones
is the ‘Longin method’, in which collagen is first iso-
lated by decalcification and then denaturated in weakly
acidic water (‘gelatinization’). This procedure allows
untwisting of the triple-helical collagen molecule and
thereby reduces the influence of insoluble residues
(Longin 1971). Although this method is generally re-
garded as a safe approach for obtaining reliable 14C
ages, Higham et al. (2006) showed that it is not suffi-
cient to remove all possible contaminants in ancient
bones. Newmethods to address these problems include,
among others, ultrafiltration, which seems to improve
the quality of the extracted collagen for 14C dating
(Higham et al. 2006 and references therein).

In order to evaluate the 14C data points shown in Fig.
3A, laboratory details were cross-checked in Radio-

carbon for the years 1960–1996. However, the radio-
carbon laboratory at Groningen stopped publishing its
dates in Radiocarbon in 1971, not all 14C laboratories
reported their measurements regularly, and the journal
gradually stopped publishing reports from 14C labora-
tories in the 1980s. 14C laboratories were also directly
contacted about details on individual 14C measure-
ments, but as several of these laboratories no longer
exist, tracking the details (including pretreatment pro-
cedures) for old 14C dates proved rather difficult. Based

Inorganic and
unknown sediments 

Organic 
sediments

Terrestrial plant
material

Marine plant
material

Terrestrial animal
bones 

Mammoth
remains

Shells, molluscs,
foraminifera 

Large marine
animals

+ Wood

Quality assessment of C   dates

Group 2:   C ages are possibly acceptable

Group 1:   C ages are not acceptable

A B

C dated material

Fig. 3. A. Type of material used for 14C dating of the samples assembled in the database. B. 14C samples for which the reported age cannot be
accepted (group 1) and 14C samples for which the reported age can possibly be accepted (group 2). See text for further explanations and
Appendix 1for a reference list regarding the data collection. Details on the 14C dates for Sweden are given in Appendix 2.
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on the information that could be traced in Radiocarbon

and that was given by individual 14C laboratories and in
the original articles, all 14C dates were assigned to two
groups: group 1, 14C ages cannot be accepted; and
group 2, 14C ages can possibly be accepted and prob-
ably provide reliable age measurements (Fig. 3B).

Group 1 includes 14C samples performed on un-
known material, on sediments with low organic carbon
content or on reworked interglacial sediments as in-
dicated by pollen stratigraphy. Also included are sam-
ples for which the published ages are unreliable
according to reports of the 14C laboratory (i.e. very low
carbon content, contamination) or when ages were
reported without standard errors. Although it is deba-
table whether samples with ages beyond the back-
ground of the 14C dating laboratory (i.e. infinite
measurements) should be placed in group 1 or grouped
separately, as they may indeed give some indication
with respect to other 14C dates from the same sequence,
I chose here to classify them as not acceptable. The
reason for this is that the background of some of the
older and no longer functioning 14C laboratories was
clearly unsuitable for dating such old samples. More-
over, several of these infinite dates were obtained from
stratigraphies that were clearly older than MIS 3.
Group 2 is composed of 14C samples derived from in situ

and/or reworked bulk organic marine or lacustrine se-
diments, the SOL/INS fraction of bulk organic materi-
al, reworked and/or in situ marine shells, bones and
foraminifera, reworked and/or in situ terrestrial plant
material and reworked and/or in situ terrestrial bones.

Calibration of 14C dates, using the calibration curve
of Fairbanks et al. (2005), was undertaken only if the
reported error was o3000 years and if the dates were
within the calibration range of the program. Dates that
were too old and thus fell outside the Fairbanks et al.
(2005) calibration curve were tentatively compared
with the curve of Hughen et al. (2006). This estimate
attributes only an approximate age to the sample and
does not provide any errors. Accordingly, the true age
of the estimated calibrated age can be considerably
younger or older.

Several studies have discussed the implications of
published 14C dates for Norway (e.g. Olsen 1997; Olsen
et al. 2001a, b; Mangerud et al. 2003, 2009), Estonia
(Kalm 2005, 2006) and Denmark (Houmark-Nielsen
2003, 2007; Houmark-Nielsen & Kjær 2003), and
therefore the focus here will be on published and un-
published 14C dates for Sweden, that is, for the central
part of the former SIS.

Weichselian interstadials in central and
northern Sweden – a short historic overview

Organic sediments that are situated stratigraphically
below Last Glacial Maximum till have been known for

many decades from localities in mid-central and north-
ern Sweden (e.g. Pilgrimstad, Tåsjö, Borlänge, Vojmå,
Juktan, Blajksjön and Gällivare) (J. Lundqvist 1967,
1978; J. Lundqvist & Mook 1981). 14C dates for these
sediments have provided both infinite ages and ages
ranging from c. 40 to around 30 kyr BP, and were in-
itially interpreted as possibly indicating ice-free condi-
tions during parts of MIS 3 in the central and northern
parts of Sweden (J. Lundqvist 1967, 1978). Most of
these organic deposits were consequently assigned to
the ‘Jämtland interstadial’, during which mean annual
temperatures have been reconstructed as being 2–31C
lower than they are today. Subsequent research on in-
terstadial sediments in central and northern Sweden
(14C, U/Th, TL dates; pollenstratigraphy) (Lagerbäck
& Robertsson 1988; Robertsson 1988, 1991; Ro-
bertsson & Garcia Ambrosiani 1988, 1992; Garcı́a
Ambrosiani 1990; J. Lundqvist & Miller 1992), how-
ever, revised this view. All 14C dates were then regarded
as unreliable and infinite, and correlations were based
entirely on pollen stratigraphy. The pollen-based re-
construction of sparse tree vegetation (including Betula
pubescens and Picea) in central and northern Sweden
seemed to correlate better with the forested landscapes
of the early Weichselian interstadials Brørup and Od-
derade of northern Europe (Robertsson 1988, 1991;
Robertsson & Garcia Ambrosiani 1988, 1992; Garcı́a
Ambrosiani 1990; Mangerud 1991) than with the tree-
less mid-Weichselian landscapes of northern Germany
(Behre 1989; Behre & van der Plicht 1992). The
‘Jämtland interstadial’ was consequently not regarded
as one interstadial, but as two distinct interstadials,
which were correlated with Brørup and Odderade, re-
spectively (Lagerbäck & Robertsson 1988; Robertsson
1991; J. Lundqvist & Miller 1992) (Table 1).

The difficulties of correlating the fragmentary
Swedish interstadial deposits with each other and with
often incomplete interstadial deposits in northern
Europe have been addressed by Garcı́a Ambrosiani
(1990) and recently by Hättestrand (2007, 2008). Gar-
cı́a Ambrosiani (1990), for example, suggested that the
‘Tärendö interstadial’ of northern Sweden (Table 1)
could be assigned to either Odderade or to a mid-
Weichselian interstadial. Hättestrand (2007, 2008), on
the other hand, proposed subdividing the ‘Tärendö
interstadial’ into three phases (Tärendö I, IIa, IIb) and
presented two alternative correlations between these
interstadials and the North European biostratigraphy
(Table 1). In alternative 1, Tärendö I could correlate
with Brørup and Tärendö II with Odderade; in alter-
native 2, Tärendö I would correlate with Odderade
and Tärendö II with an early mid-Weichselian inter-
stadial. Hättestrand (2008) also speculated whether
Tärendö II could be synchronous with the interstadial
described at Sokli in northern Finland, which has ten-
tatively been correlated with GIS 12–14 (Helmens
et al. 2007a).
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ö
II
b

O
er
el

5
3
–
5
8

1
5
/1
6

5
6
–
5
9

3
A
u
st
n
es
/B
ø

A
lt
.
2
:
T
ä
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As shown in Table 1, correlations between the frag-
mentary Weichselian interstadials in central and
northern Sweden, their temporal relationships with
other interstadials in Norway, Finland and Denmark,
and their link to the northwest European biostrati-
graphy (Behre & van der Plicht 1992) and to the
Greenland ice-core stratigraphy remain highly spec-
ulative. Large uncertainties also exist regarding the
biostratigraphic intervals during MIS 3 and their pos-
sible association with Greenland interstadials and
stadials. Calibrated ages of 14C dates published by
Behre & van der Plicht (1992) would, for example,
suggest that Denekamp is correlative with GIS 5–7,
Hengelo with GIS 10/11, Moershoofd with GIS 12,
Glinde with GIS 13/14 and Oerel with GIS 15/16.
Huijzer & Vandenberghe (1998), on the other hand,
expanded the biostratigraphy of Behre & van der
Plicht (1992) and included the Huneborg interval be-
tween Hengelo and Denekamp, and the Upton War-
ren and Riel interstadials between Moershoofd and
Hengelo. This correlation would lead to an assignment
of Huneborg to GIS 8, Moershoofd to GIS 14,
whereas Upton Warren and Riel could be correlative
with GIS 12 and 13, respectively. Clearly, to resolve
these uncertainties, continuous and well-dated land
records from different parts of Europe that could un-
equivocally be compared with the Greenland ice-core
stratigraphy are needed.

Evaluation of 14C dates for Sweden

The 14C dates compiled for Sweden (Fig. 4A, B) are
derived from published (J. Lundqvist 1955, 1978; Ös-
tlund & Engstrand 1960; Engstrand & Östlund 1962; G.
Lundqvist 1964; Engstrand 1965; Håkansson 1969,
1970; Hillefors 1974; Berglund et al. 1976; Miller 1977;
J. Lundqvist & Mook 1981; Lagerbäck & Robertsson
1988; Robertsson 1988; Robertsson & Garcia Am-
brosiani 1988; Garcı́a Ambrosiani 1990; J. Lundqvist &
Miller 1992; Aaris-Sørensen 2006; Ukkonen et al.
2007) and unpublished (J. Lundqvist; B. Wohlfarth)
sources (Appendix 2). For some localities only
single 14C dates are available, whereas other sites, such
as Riipiharju, Ontoharjut, Takanenmännikkö, Boli-
den, Tåsjö, Vålbacken, Pilgrimstad, Borlänge, Öje,
Dösebacka, Ingebäck, Hisingen, Gärdslöv, Örsjö and
Arrie, provided more than one age measurement (Fig.
4B). Detailed litho- and pollen stratigraphies exist for
some sites, whereas others lack a stratigraphic context
or have vaguely described stratigraphies. The majority
of the compiled data set consists of 14C dates that were
obtained on a range of material, such as bulk inorganic
sediments, bulk organic sediments, plant remains,
peat, bones and tusks, and different fractions thereof
(Fig. 4C).

Sites with detailed litho- and pollen-

stratigraphic information

Interstadial sites from Norbotten

The stratigraphies of Riipiharju, Ontoharjut and
Takanenmännikkö provided conflicting 14C dates (Fig.
5A–F, Appendix 2), which were consequently regarded
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as unreliable (Lagerbäck & Robertsson 1988). La-
gerbäck & Robertsson (1988) and later Robertsson
(1991) therefore suggested a correlation of the organic
deposits with the early Weichselian interstadials Brørup
and Odderade based on their arctic-alpine pollen as-
semblages.

The five 14C ages (Fig. 5A) for Riipiharju were ob-
tained on bulk organic material or on organic-rich se-
diments and show a systematic decrease with depth
(Fig. 5D). Contamination by younger material would
not produce such a non-random distribution of ages,
and the possibility therefore exists that mistakes were
made when labelling the samples. Disregarding these
problems, acceptable calibrated 14C ages for the inter-
stadial deposits of Riipiharju would range between c.
450 and 35 cal. kyr BP (Fig. 5D). The pollen strati-
graphy on new cores from Riipiharju (Hättestrand
2008) suggests three successive interstadials (Tärendö I,
IIa, b) separated by cold phases. Scarce birch forest
seems to have been present during all three inter-
stadials, and mean temperatures for the warmest
months (MTWM) are estimated to be around 101C.
Hättestrand (2008) proposed a correlation of the three
interstadials with Brørup and Odderade, or, alter-
natively, with Odderade and an early MIS 3 interstadial
(Table 1).

The lower peat layer at Ontoharjut contained mosses
that today have a distribution in central and northern

Sweden, and the pollen spectra indicated the presence
of shrubs, herbs and scattered birch trees. Pollen ana-
lysed in the overlying laminated sands suggested arctic
herb and shrub tundra, periglacial conditions and a
continental climate (Lagerbäck & Robertsson 1988).
Lagerbäck & Robertsson (1988) dated different sample
fractions (e.g. bulk organics; plant remains 41mm,
0.5–1mm ando0.5mm), which provided varying ages,
including three infinite age estimates (Fig. 5B). All finite
14C ages are here attributed to group 2, but only three
14C dates at 1.8m depth and one 14C date at 5.5m depth
have error margins of o3000 years and were therefore
calibrated. These provide an age estimate of c. 45–35
cal. kyr BP (Fig. 5E).

The pollen stratigraphy of Takanenmännikkö A
suggests a development from dwarf birch, ericaceous
shrubs, and herbs into a phase with dwarf birch, tree
birch, juniper and light-demanding plants (Lagerbäck
& Robertsson 1988). This phase was followed by tun-
dra vegetation with a rich herb flora, arctic-alpine pio-
neer plants, steppe elements, grasses, sedges and willow
shrubs. Also here the different fractions of the same
sample provided very different age estimates, and the
nine dated samples range from infinite to c. 30 14C kyr
BP (Fig. 5C). Although all finite 14C ages were classified
as group 2, only two had a standard error of o3000 yr,
and would translate into a calibrated age of c. 40–35
cal. kyr BP (Fig. 5F).
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Hättestrand (2008) recently correlated the interstadial
deposits at Ontoharjut and Takanenmännikkö A with
the oldest interstadial at Riipiharju (Tärendö I, i.e. the
early Weichselian). Acceptable calibrated 14C age ranges
for Riipiharju (c. 450–35kyr BP), and especially for
Ontoharjut (c. 40–35kyr BP) and Takanenmännikkö A
(c. 40–35 kyr BP) (Fig. 5D–F), are however considerably
younger than the pollen-stratigraphic correlation sug-
gested by Hättestrand (2008), which prompts the fol-
lowing questions. (1) Is the tentative correlation of the
interstadials at Ontoharjut and Takanenmännikkö A
with Tärendö I, and as such with the early Weichselian
interstadials Brørup and/or Odderade, as proposed by
Hättestrand (2008) based on pollenstratigraphy correct?
(2) Can pollen-stratigraphic signals of treeless, arctic
shrub and tundra environments be used to infer time-
synchronicity even between nearby sites where tempo-
rally different interstadials with similar vegetation
signatures might be present? Are the calibrated 14C ages
of group 2 therefore more trustworthy? (3) Should more
weight be placed on the infinite 14C dates than on the fi-
nite dates of group 2; that is, would the former be in-
dicative of early MIS 3 interstadials or early Weichselian
interstadials? The first alternative (time-synchronicity)
easily leads to circular reasoning and rejects the validity
of all finite 14C dates. The second alternative assumes
that group 2 14C dates are correct and that the infinite
14C ages are a reflection of the laboratory background.
The third option leaves open the possibility that the in-
terstadials could date to early MIS 3 or to the early
Weichselian. The fact that all acceptable 14C ages from
the three sites independently point to a similar age inter-
val of c. 50–35 cal. kyr BP (Fig. 5D–F) would lend sup-
port to the second option and would suggest ice-free
conditions in northern Sweden between c. 50 and 35 cal.
kyr BP.

Pilgrimstad, Jämtland

The sediment sequence at Pilgrimstad in central Swe-
den, first described by Kulling (1945) and G. Lundqvist
(1964), has been the subject of several subsequent stu-
dies, including, among others, lithostratigraphic in-
vestigations, pollen, diatom and chironomid analyses,
and 14C dating (Kulling 1945; J. Lundqvist 1967; Ro-
bertsson 1988 and references therein). Robertsson
(1988) suggested, based on pollen stratigraphy, the
presence of two separate interstadials, or a three-part
interstadial above the macrofossil-rich varved sedi-
ments described by Kulling (1945) and G. Lundqvist
(1964). A mammoth molar found between the lower
part of Robertsson’s interstadial sediments and the
varved sediments of Kulling (1945) has recently been
dated by Ukkonen et al. (2007).

The pollen-stratigraphic investigations of Robertsson
(1988), which were focused on interstadial deposits si-

tuated above those described by Kulling (1945), showed
an interstadial vegetation succession with open treeless
vegetation, Juniperus, herb and shrub communities (e.g.
birch, willow), sparse birch forest with Juniperus, Arte-
misia, Thalictrum and other herbs, and herb and shrub
vegetation. Plant macro-remains described from these
upper interstadial sediments comprise Betula nana, Salix
sp., Juniperus and Betula sp. (J. Lundqvist 1967: p. 148
cites Betulamacro-remains and notes that these are pos-
sibly not Betula nana). Coleoptera analysis pointed to
tundra vegetation and mean temperatures of the warm-
est and coldest months of 111C and �111C, respectively
(Moseley 1982). Based on these temperature estimates it
was assumed that the site was situated close to the bor-
der of the forest zone and that sparse birch forest was
present in the vicinity (Robertsson 1988). The inter-
stadial/s were therefore correlated with Brørup/Odder-
ade. The main argument against a correlation with the
Middle Weichselian was that tree birch could not have
been present in central Sweden at the same time as shrub
and herb vegetation extended over northern Germany.
However, given the fact that it is very difficult to differ-
entiate between pollen of shrub and tree birch, and that
plant macrofossils had not been investigated in detail,
the presence of tree birch during Robertsson’s (1988) in-
terstadial remains unproven. Although coleoptera-based
summer temperatures of 111C (Moseley 1982) would
suggest that tree birch could have become established,
Helmens et al. (2007a) showed that high summer tem-
peratures in northern Fennoscandia during an earlyMIS
3 interstadial did not necessarily lead to the immigration
and establishment of trees.

14C dates for Pilgrimstad presented in Fig. 6A and B
are derived from published (Robertsson 1988; Ukko-
nen et al. 2007) and unpublished (J. Lundqvist, B.
Wohlfarth) sources (see Appendix 2 for details). Infinite
dates are not included (with the exception of Ua-66 and
St 205) because these lack stratigraphic assignment.
The age measurements are presented on a schematic
depth scale following the summary stratigraphy of Ro-
bertsson (1988) and suggest a cluster of group 2 ages at
c. 55–40 14C kyr BP (Fig. 6A, B) or c. 60–45 cal. kyr BP
(Fig. 6C). This age interval is much older than the
mammoth molar dated by Ukkonen et al. (2007), which
was excavated from below Robertsson’s (1988) inter-
stadial and has an age of 25.9�0.2 14C kyr BP or c. 31
cal. kyr BP. If group 2 ages are assumed to be correct,
the mammoth molar cannot represent the true age of
the sediment unit in which it was found. The age cluster
of the group 2 data set of between c. 60 and 45 cal. kyr
BP compares well, however, with two 14C dates on
twigs (39�2 14C kyr BP or 44�1.8 cal. kyr BP;440 14C
kyr BP) and with OSL ages of between 52 and 36 kyr
BP from a new section at Pilgrimstad (Alexanderson
et al. 2009) (Fig. 6C) and with a 14C date of
47.6�0.5 kyr BP (UBA-9031). Together these age de-
terminations indicate that the mammoth molar is too
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young and that the site was ice-free between c. 60 and
c. 36 cal. kyr BP.

Sites with little or no pollen and lithostratigraphic
information

Organic material imbedded in clastic sediments has
been dated in several sites between 67 and 601N (J.

Lundqvist 1978; J. Lundqvist & Mook 1981; Ro-
bertsson & Garcia Ambrosiani 1988; Garcı́a Am-
brosiani 1990; J. Lundqvist & Miller 1992; J.
Lundqvist, unpublished) (Fig. 7A). Pollen assemblages
of organic sediments from Boliden at 641N indicate
arctic/subarctic conditions with open tundra, willow
shrubs and herbs (Garcı́a Ambrosiani 1990), and pollen
and insect remains at Tåsjö, also at 641N, point to an
open tundra landscape, arctic conditions and summer
temperatures of o8–101C (J. Lundqvist & Miller
1992). Following the scheme of Robertsson (1991),
these organic layers were subsequently assigned to an
early Weichselian interstadial (Table 1), although 14C
ages for Tåsjö range between c. 56 and c. 42 kyr BP (J.
Lundqvist & Mook 1981) and for Borlänge between
c. 40 and 32 kyr BP (J. Lundqvist 1978) (Fig. 7A).

Samples from Dösebacka, Ingebäck, Hisingen and
Ellesbo at 571N in southwestern Sweden (Östlund &
Engstrand 1960; Engstrand & Östlund 1962;
Håkansson 1970; Hillefors 1974) contained very little
organic carbon and most of these 14C dates were, ac-
cording to the 14C laboratory, regarded as unreliable
(Håkansson 1970). 14C measurements from Gärdslöv/
Alnarp at 551N were obtained on plant remains (Miller
1977), but several of these gave large reported errors of
43000 years (Fig. 7A). Nevertheless, 14C ages from
sites in southwestern and southern Sweden have been
used to identify ice-free conditions during the later part
of MIS 3 (Table 1).

Most of the 14C ages from these sites fall within
group 1, whereas there are very few acceptable group 2
dates. These cluster between 45 and 60 cal. kyr BP for
the northernmost site Tåsjö, around 35–40 cal. kyr BP
for Borlänge at 601N, and around 25–40 cal. kyr BP for
Gärdslöv in southern Sweden (Fig. 7B).

Mammoth dates

14C dates on mammoth finds from Sweden (Fig. 8A)
have been published and discussed by Berglund et al.
(1976), Håkansson (1976), Aaris-Sørensen (2006) and
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Ukkonen et al. (1999, 2007). Ukkonen et al. (2007) re-
dated the mammoth tusks from Örsjö and Arrie, which
had earlier been dated by Håkansson (1976), and also
the tusk from Kånkback, which had been dated at the
StockholmRadiocarbon Laboratory. Using these dates
together with new 14C dates on mammoth tusks and
molars that had been preserved in museums and at the
Geological Survey of Sweden, Ukkonen et al. (2007)
suggested ice-free conditions in Sweden between 44 and
26 kyr, that is, during a large part of MIS 3 and 2.
Moreover, d18Omeasured in mammoth enamel implied
that mean annual temperatures were c. 2–31C lower
during the middle Weichselian than they are today and
that the climate was more homogeneous over Sweden,
with moderate north–south gradients (Ukkonen et al.
2007).

14C dates performed on mammoth bones, tusks and
teeth are controversial and subject to a number of er-
rors, which easily lead to too young ages (e.g. Higham
et al. 2006; Hajdas 2007), especially if the samples
contain too little collagen or are not rigorously pre-

treated in the laboratory. 14C samples that contained
too little collagen and/or dates that were obtained be-
fore rigorous laboratory pretreatments became routine
are therefore regarded as unreliable (group 1). This is
in contrast to recently measured samples (Aaris-
Sørensen 2006; Ukkonen et al. 2007), which contained
enough collagen (G. Skog, pers. comm. 2009) and were
carefully handled and pretreated in the radiocarbon
laboratories (group 2). These assumptions are, how-
ever, not entirely correct, as indicated by the mammoth
molar from Pilgrimstad (Ukkonen et al. 2007) (LuS
6330; Appendix 2), which gave an age much younger
(26�0.2 14C kyr BP) than that of the overlying organic
deposits (440 14C kyr BP). If the 14C ages for these
organic deposits are assumed to be valid, sample LuS
6330 must have been contaminated. None of the other
recently dated mammoth remains of group 2 was
found in a stratigraphic context, which makes it im-
possible to corroborate their 14C ages in relation to
dated contemporaneous deposits and/or older and
younger layers.
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The laboratory pretreatment for the mammoth sam-
ples measured at the Lund University Radiocarbon
Dating Laboratory (Ukkonen et al. 2007) included a
modified Longin method to extract collagen (i.e. the
samples were crushed to a fine powder and acidified un-
der vacuum; G. Skog, pers. comm. 2009). Higham et al.
(2006 and references therein) showed, however, that
sample pretreatment of bones with the Longin method
or modifications thereof can result in younger 14C ages
as compared to a sample pretreatment that includes ul-
trafiltration. This latter step allows the removal of low
molecular weight contaminants, which can be of a dif-
ferent age from the sample and can therefore influence
the age of especially old bone samples (Higham et al.
2006). Experiments with split mammoth bones that had
been pretreated (a) with the Longin method, and (b) by
combining the Longin method with ultrafiltration re-
sulted, for example, in ages of c. 38–46 14C kyr BP and c.
45–47 14C kyr BP, respectively (Hajdas et al. 2008), that
is, in a difference of several thousand years. The effect of
contamination might be randomly distributed, so that
some samples may be affected while others are not. Un-
less different preparation methods have been tested on
the same sample, it is therefore not possible to judge
whether the obtained age estimates correspond to the
true age of the dated sample. The mammoth molars and
tusks dated by Ukkonen et al. (2007) could very well
have resulted in a correct age estimate, they could
equally well be too young, or they might have been af-
fected by random contamination. Re-dating these sam-
ples after rigorous pretreatment measures have been
applied would allow these open issues to be resolved and
could provide more secure age estimates.

Discussion

The evaluation of old 14C ages that had been obtained
on interstadial organic deposits from Sweden indicates
that some of these dates could possibly be regarded as
acceptable age range estimates. To further test how well
these age ranges match with 14C measurements on
mammoth remains (Ukkonen et al. 2007) and OSL
dates from Pilgrimstad (Alexanderson et al. 2009) and
southernmost Sweden (Kjær et al. 2006), I compare
these data sets with each other in Fig. 9.

Age ranges for interstadial deposits and organic ma-
terial from northern and central Sweden are between
c. 60 and c. 35 cal. kyr BP, and for deposits from southern
Sweden they are between c. 40 and c. 25 cal. kyr BP
(Fig. 9). Trusting these ages would lead to the conclu-
sion that northern Sweden was free of ice between c. 50
and 35 cal. kyr BP, that central Sweden was ice-free
between c. 60 and 35 cal. kyr BP, and that southern
Sweden was ice-free until possibly c. 25 cal. kyr BP.
This assumption compares well with the new OSL dates
for Pilgrimstad (Alexanderson et al. 2009), which sug-

gest ice-free conditions in mid-central Sweden between
c. 50 and 35 kyr BP. It also compares fairly well with
OSL ages from southernmost Sweden (Kjær et al.
2006), which indicate ice-free conditions from around
50 to 25 kyr BP (Fig. 9). Most of the mammoth ages
also seem to agree with the age ranges attributed to the
organic deposits and with those provided by OSL. Ex-
ceptions are the samples from Pilgrimstad and
Sollefteå, which are considerably younger than the age
ranges of interstadial deposits from the same site and/
or geographical region (Fig. 9). As discussed above,
Ukkonen et al.’s (2007) 14C samples contained enough
good collagen (G. Skog, pers. comm. 2009) and were
not pretreated using ultrafiltration. It is therefore pos-
sible that not all contaminating material was removed,
which could explain why some of the samples resulted
in too young age estimates. Taken together, however,
14C ages on organic deposits, OSL ages and also 14C
measurements on mammoth remains seem to be in
broad agreement and suggest that ice-free conditions
prevailed in Sweden during parts or all of MIS 3.

The assumption of ice-free conditions in Sweden
during all or parts of MIS 3 is, however, in conflict with
reconstructed ice advances in Norway (Skjonghelleren)
(Vorren & Mangerud 2008; Mangerud et al. 2009) and
with ice advances through the Baltic Basin into Den-
mark (Ristinge and Klintholm advance) (Houmark-
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Nielsen et al. 2005; Houmark-Nielsen in press) (Fig.
10A). It does, on the other hand, compare well with the
scenario of ice-free conditions in Finland during MIS 3,
suggested by, for example, Lunkka et al. (2008), Uk-
konen et al. (1999, 2007), Helmens et al. (2007a) and
Mäkinen (2005) for different parts of Finland (Fig.
10B). Because the temporal resolution of the Swedish
data set is very low, it is not possible to discuss the pre-
cise age interval of the various interstadial deposits, nor
to decipher whether all sites represent the same time
interval or different interstadials within MIS 3. Conse-
quently it cannot be assessed whether ice-free condi-
tions alternated with ice advances during MIS 3.
Despite the clear limitations of the presented data set, it
seems obvious that the Scandianvian Ice Sheet was
smaller and much more dynamic during MIS 3 than
hitherto assumed. To corroborate the conclusions
drawn here, new multi-proxy investigations of some of
the most well-known interstadial deposits from north-
ern, central and southern Sweden are required.

Conclusions

� Published and unpublished 14C, TL/OSL, U/Th

dates for Norway, Denmark, Sweden, Estonia, and

parts of Finland and Russia older than the LGM ice

advance were assembled in a database and eval-

uated. The database (last data entry May 2008) is in

its present form available at the Swedish Nuclear

Fuel and Waste Management Company and at the

Department of Geology and Geochemistry, Stock-

holm University.

� The evaluation of 14C dates from Sweden shows

that acceptable ages for interstadial organic materi-

al in northern and central Sweden range between

c. 60 and c. 35 cal. kyr BP and for similar deposits in

southern Sweden between c. 40 and c. 25 cal. kyr

BP.

�
14C dates on mammoth tusks and molars from Pil-

grimstad and Sollefteå diverge from the age esti-

mates assigned to organic deposits, which suggests

that these 14C dates may be too young and that they

should not be used to infer ice-free conditions.

� A possible scenario based on 14C dates from inter-

stadial deposits is that central and northern Sweden

was ice-free during the early and middle part ofMIS

3 and that southern Sweden remained ice-free until

c. 25 cal. kyr BP. The first ice advance into northern

and central Sweden might have occurred around

c. 35 cal. kyr BP, more or less contemporaneous

with the LGM ice advance onto the Norwegian shelf.

� To resolve the issues addressed here new multi-

proxy and high-resolution investigations of several

key sites in north, central and south Sweden are re-

quired.
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Engstrand, L. & Östlund, G. 1962: Stockholm natural radiocarbon
measurements IV. Radiocarbon 4, 115–136.

EPICA Community Members 2006: One-to-one coupling of glacial
climate variability in Greenland and Antarctica. Nature 444,
195–198.

Fairbanks, R. G., Mortlock, R. A., Chiu, T.-C., Cao, L., Kaplan, A.,
Guilderson, T. P., Fairbanks, T. W., Bloom, A. L., Grootes, P. M.
& Nadeau, M.-J. 2005: Radiocarbon calibration curve spanning 0
to 50,000 years BP based on paired 230Th/234U/238U and 14C dates
on pristine corals. Quaternary Science Reviews 24, 1781–1796.

Flückiger, J., Knutti, R., White, J. W. C. & Renssen, H. 2008: Mod-
eled seasonality of glacial abrupt events. Climate Dynamics 31,
633–645.

Forsström, P.-L. & Greve, R. 2004: Simulation of the Eurasian ice
sheet dynamics during the last glaciation. Global and Planetary
Change 42, 59–81.

Garcı́a Ambrosiani, K. 1990: Pleistocene stratigraphy in central and
northern Sweden – a reinvestigation of some classical sites. Ph.D.
thesis, Stockholm University, 15 pp.

Grimm, E. C., Watts, W. A., Jacobson, G. L., Hansen, B. C. S.,
Almquist, H. R. & Dieffenbacher-Krall, A. C. 2006: Evidence for
warm wet Heinrich events in Florida. Quaternary Science Reviews
25, 2197–2211.

Grousset, F. E., Cortijo, E., Huon, S., Hervé, L., Richter, T., Burdl-
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Sveriges Geologiska Undersökning C 39, 1–61.
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Föreningens i Stockholm Förhandlingar 77, 323–326.
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Håkansson, S. 1970: University of Lund radiocarbon dates III.
Radiocarbon 12, 534–552.
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Lyså, A., Demidov, I. N., Houmark-Nielsen, M. & Larsen, E. 2001:
Late Pleistocene stratigraphy and sedimentary environment of the
Arkhangelsk area, northwest Russia. Global and Planetary Change
31, 179–199.

Mangerud, J., Gulliksen, S., Larsen, E., Longva, O., Miller, G. H.,
Sejrup, H. P. & Sønstegaard, E. 1981: A Middle Weichselian ice-
free period in western Norway: the Ålesund interstadial. Boreas 10,
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ä
ck

&
R
o
b
er
ts
so
n
(1
9
8
8
)

1
6
2

T
a
k
a
n
en
m
ä
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ö

6
7

7
2
2

1
8

P
ea
t/
b
u
lk

S
t
9
1
5
9

4
5
2
0
0

4
4
0
0

4
4
0
0

2
L
a
g
er
b
ä
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å
lb
a
ck
en

6
3

4
1
4

4
5

—
G
rN

-1
2
9
4
9

5
7
2
0
0

2
2
0
0

1
7
0
0

1
J.
L
u
n
d
q
v
is
t
(u
n
p
u
b
li
sh
ed
)

1
6
5

V
å
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ä
n
g
e

6
0

2
9

1
5

2
5

J
u
n
ip
er
u
s

U
-2
6
6
7

4
1
8
0
0

4
1
0
0

2
8
0
0

2
L
u
n
d
q
v
is
t
(1
9
7
8
)

1
6
4

Ö
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lö
v

5
5

3
6

1
3

1
0

M
a
m
m
u
th
u
s
p
ri
m
ig
en
iu
s,
m
o
la
r

L
u
S
6
3
3
6

2
6
1
5
0

2
0
0

2
0
0

3
1
3
9
4

0
.2
5
8

2
U
k
k
o
n
en

et
a
l.
(2
0
0
7
)

1
5
0

A
rr
ie
,
R
is
eb
jä
r

5
5

3
1

1
3

6
M
a
m
m
u
th
u
s
p
ri
m
ig
en
iu
s,
tu
sk

L
u
-8
8
7

2
2
0
0
0

9
0
0

8
0
0

2
6
4
0
8

1
.0
5
7

1
H
å
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