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LGIT tephrochronology in western Småland 

  
 

 

Abstract 
Tephrochronology, or the dating and correlation of stratigraphic sediment sequences by 
the use of tephra, is a dating method that has been much refined in the last decade. This 
refinement has enabled the detection of cryptotephra, which has expanded the known 
distribution of different tephras. At the site Lake Mulakullegöl in the southwest of Swe-
den, three distinct tephra horizons have been detected, of which two have been geo-
chemically identified. The identified tephras are the Vedde Ash (ca 12,000 cal. yrs BP) 
and the Hässeldalen Tephra (ca 11,500 cal. yrs BP), both of Icelandic origin. These 
tephras were deposited during the middle of the Younger Dryas Stadial and the 
Younger Dryas/Preboreal transition, respectively. The Vedde Ash is one of the most 
widespread tephras of Icelandic provenance, while the Hässeldalen Tephra so far only 
has been found at two sites in southeastern Sweden, prior to the current study. A third, 
unidentified, tephra was also detected. Based on the stratigraphic position, this tephra 
might be the Borrobol Tephra, which has been dated to ca 14,400 cal. yrs BP. This 
might indicate that warming had not yet occurred in this part of Sweden. The extended 
known distribution of especially the Hässeldalen Tephra, but also the Vedde Ash, has 
enabled a higher potential for correlations between different records deposited during 
the Last Glacial/Interglacial transition.
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LGIT tephrochronology in western Småland 

1 Introduction 
Until now, western Småland remains poorly investigated regarding the climate devel-
opment during the Late Weichselian and Early Holocene. Tephrochronology has never 
been tested as a dating method in this part of Sweden, which means that there exists no 
tephrochronology framework for the area. Furthermore, very few links between the Ice-
landic and the continental European tephrochronology frameworks have been estab-
lished. Western Småland could be such an area where tephras from both volcanic areas 
might be found. A possible correlation would be very valuable for future use of tephra 
as a dating method. 

1.1 Main questions concerning the investigation 
 Could a tephrochronology framework be established for southwestern Sweden? 
 Could tephras originating from Iceland, such as the Borrobol Tephra and the 

Hässeldalen Tephra, found in Blekinge, southeastern Sweden, be found in south-
western Sweden as well? 

 Could the Late Glacial-Early Holocene stratigraphy of southwestern Sweden be 
correlated with surrounding areas using time-synchronous tephra horizons? 

 Could tephras from other volcanic provinces than Iceland, such as the Laacher See 
Tephra from the Eifel region, be found in southwestern Sweden, thereby allowing 
the Icelandic and Continental European tephrochronology frameworks to be linked? 

1.2 Background 
Tephrochronology is a dating method used to correlate stratigraphic units deposited in 
sediment sequences (e.g. Haflidason et al., 2000). The near instantaneous, on a geologi-
cal time scale, deposition of tephra layers makes it excellent as synchronous marker ho-
rizons in sediment sequences (Haflidason et al., 2000), not only in terrestrial sequences, 
but also in marine sediments and ice-cores (e.g. Wastegård, 2005). These horizons can 
be labeled by using their geochemical signature and then be used for precise correlation 
over the volcano’s dispersal area (Wastegård, 2005). 
 
Sigurdur Thorarinsson established the first tephrochronology of northwestern Europe in 
the 1940s with his pioneering work on Iceland (e.g. Thorarinsson, 1944). In Scandina-
via, Christer Persson continued his work during the 1960s and 1970s (e.g. Persson, 
1966; 1971). Since no geochemical analyses were available, Persson had to use other 
properties, e.g. refractive indices of glass shards in the tephra layers and the grain size 
distribution to make correlations with known Icelandic tephra layers. The recent devel-
opments in the detection of cryptotephra, i.e. tephra not visible to the naked eye, also 
called microtephra, have enhanced the usability of tephrochronology (Davies et al., 
2007), and extended the known limits of dispersal into much more distal areas than be-
fore (Davies et al., 2003). 
 
A number of tephras of Icelandic origin, dating from the Last Glacial/Interglacial transi-
tion (LGIT; ca 15,000-10,000 cal. yrs BP), have been identified in Sweden (Wastegård, 
2005). These range from the Borrobol Tephra (ca 14,400 cal. yrs BP), found at 
Hässeldala port (Davies et al., 2003), to the Högstorpsmossen Tephra (ca 10,200 cal. 
yrs BP), found at the type locality of Högstorpsmossen (Björck & Wastegård, 1999). In 
between these tephras, the Laacher See Tephra (ca 12,900 cal. yrs BP) has been found 
in marine sediments outside Gotland (Påhlsson & Bergh Alm, 1985) and possibly at 
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Hässeldala port (Davies et al., 2003). 
The Vedde Ash (ca 12,000 cal. yrs BP) 
has been found over large parts of south-
ern Sweden (e.g. Wastegård et al., 1998; 
Björck & Wastegård, 1999; Schoning et 
al., 2001), while the Hässeldalen Tephra 
(ca 11,500 cal. yrs BP; Fig. 1) so far only 
has been located at Hässeldala port and 
Skallahult in Blekinge, southeastern 
Sweden (Davies et al., 2003), and the 10-
ka Askja Tephra (ca 11,300 cal. yrs BP) 
at Hässeldala port only (Davies et al., 
2003). 

Fig. 1. Images of tephra particles from the 699-700 
cm horizon, i.e. the Hässeldalen Tephra. 

 
Since Scotland is located closer to Iceland, and therefore closer to the source volcanoes, 
there are some tephras that have not been detected in Sweden. Some of the Scottish 
tephras are also found in Scandinavia. One of these tephras so far only found in Scot-
land is the Penifiler Tephra, a tephra that is geochemically similar to the Borrobol 
Tephra (Pyne-O’Donnell, 2007). However, the Penifiler Tephra is of a younger date, 
possibly dated as belonging between the Older Dryas and the Gerzensee Oscillation of 
the Allerød Interstadial (13,900-13,150 cal. yrs BP). Furthermore, the Borrobol Tephra 
has been suggested as comprising two distinct events, separated in time, from the same 
source volcano (Davies et al., 2004), while Pyne-O’Donnell et al. (2008) suggested that 
reworking of the shards might cause the diffuse bimodality of the Borrobol Tephra. It is 
possible that the Penifiler Tephra and the younger Borrobol Tephra are one and the 
same (Pyne-O’Donnell et al., 2008). Furthermore, the Saksunarvatn Tephra has been 
found in Scotland (Turney et al., 2006); this is a tephra that has yet to be discovered in 
Sweden, but has been discovered in western Norway (Birks et al., 1996). 
 
Southwestern Sweden remains poorly investigated regarding the tephrochronology dur-
ing the LGIT (ca 15,000-10,000 cal. yrs BP). Between Bohuslän on the west coast of 
Sweden and Blekinge in southeastern Sweden, almost no investigations have been con-
ducted (Wastegård, 2005). Research around Lake Bolmen (Fig. 2) regarding the area’s 
deglaciation and the formation of hummocky moraine has been conducted (e.g. Anders-
son, 1998). These include sedimentological studies of the landforms, but in recent 
times, the only stratigraphical study in western Småland was conducted around Lake 
Bolmen (Ising, 2001), southeast of the area investigated by this study. Since the study 
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did not include tephra as a dating method, and instead used pollen, clay-varve dating 

and palaeomagnetism (Ising, 2001), a tephrochronology of southwestern Sweden re-
mains to be established. Ising (2001) dated the deglaciation of the area to the early part 
of the Bølling Interstadial (ca 14,400 cal. yrs BP). 

Fig. 2. Map showing Lake Mulakullegöl and its surrounding area, with a map of northwestern Europe 
inlaid. A = Lake Mulakullegöl; B = location of Lakes Mulakullegöl and Bolmen in Sweden; C = the 
volcano Katla; D = the volcano Snæfellsjökull. 

 
Lake Mulakullegöl is situated in the southwestern part of the County of Jönköping, in 
the province of Småland, at 57°12’40’’N; 13°25’25’’E. The elevation is ca 170-180 m 
a.s.l, which is ca 100 m above the highest coastline in the area (Lundqvist, 2002). This 
means that the area was situated above the sea level during the retreat of the Fennoscan-
dian ice sheet during the Late Weichselian, as was the whole of the South Swedish Up-
land. The sediment of the surrounding area is mostly till (Blomberg, 1879), and Lake 
Mulakullegöl is possibly a remnant of dead ice deposited during the deglaciation of the 
area. Underneath the Quaternary deposits, the bedrock consists mainly of Precambrian 
orthogneiss (Samuelsson et al., 1988). The lake is ca 230 m across in a north-south di-
rection and ca 170 m across in an east-west direction, with a water depth of ca 5 m. 

1.3 Aim 
The aim of this study is to make the first steps towards a Late Weichselian and Early 
Holocene chronology for western Småland, southwestern Sweden using tephrochronol-
ogy. Furthermore, these stratigraphic units are to be correlated to similar units primarily 
in Southern Sweden, but other parts of Sweden and its adjacent areas might be taken 
into account as well. It is hoped that tephras that have been found at other sites in Swe-
den and abroad can be identified. This would further the usability of tephra as a strati-
graphic marker and help use it as a dating method for a larger area of southern Sweden. 
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2 Methods 
Lake sediment samples were collected from Lake Mulakullegöl in the end of January 
2009 using an ice drill and a Russian corer (Fig. 3). The samples were then described 
and part of the core was sampled using 5 cm sub-samples between 695 and 775 cm. 
These were combusted by use of loss on ignition at 550°C for 4 hrs to remove organic 
material. These sub-samples were then suspended in 10% hydrochloric acid (HCl) to 
remove carbonates (Pilcher & Hall, 1992). The sub-samples were left suspended over-
night and were thereafter sieved so that the desired size fractions (25-80 μm) were ex-
tracted. This was because all tephras that have been found in Sweden fall within this 
range and smaller shards are usually not possible to analyse for their geochemical com-
position (Persson, 1966; S. Wastegård, personal communication). The sieved sub-
samples were then density-separated by immersing the sediment samples in sodium 
polytungstate (Na6 (H2W12O40) H2O) with a density of first 2.3 g cm-3 and then 2.5 g 
cm-3 (Turney, 1998). Material lighter than 2.3 g cm-3 and material heavier than 2.5 g cm-

3 was discarded, as most rhyolitic tephra shards of Icelandic origin found in northwest-
ern Europe have a density between 2.3 g cm-3 and 2.5 g cm-3 (e.g. Zillén et al., 2002). 
Slides were made of the remaining part of the samples and these slides were investi-
gated in a microscope with polarised light for detection of tephra shards. 
 
Samples containing tephra shards were sampled further, with 1 cm sub-samples taken 
from the unused part of the core and treated the same way as the 5 cm sub-samples. The 
tephra shards in the 1 cm sub-samples were then counted in the microscope and the vol-
umes of the sub-samples were taken into account to enable tephra shard concentration 
to be estimated. 
 
The organic matter in the stratigraphic units containing the highest tephra concentra-
tions, i.e at 695-696, 699-700, 726-729 and 766-768 cm was removed by using a stan-
dard acid digestion technique (www.tephrabase.org/tephra_dig.html). These four sam-
ples were placed in conical flasks along with 95-97% sulphuric acid (H2SO4) and placed 
on a hotplate inside a fume cupboard. 65% nitric acid (HNO3) was added to the samples 
at regular intervals and the acids then removed the organic matter in the samples. Since 
combustion of the sediments might alter the chemical composition of the tephra shards, 
this method preparation is preferred. When the organic material had been removed, the 
conical flasks were filled with pure water and left to cool. Thereafter, the samples were 
sieved to extract the desired size fractions (25-80 μm) and density separated to extract 
the material between 2.3 and 2.5 g/cm3. The samples were then left to dry before being 
geochemically analysed with a Philips XL-30-ESEM-FEG SEM electron microscope 
equipped with an EDS (energy dispersive spectroscopy) system for quantitative analysis 
of elements. The geochemical analyses were conducted to determine the concentrations 
of the nine major oxides in volcanic glass: Sio2, TiO2, Al2O3, FeOX, MnO, MgO, CaO, 
Na2O and K2O. EDS analysis is not as accurate as microprobe analysis (WDS; wave-
length dispersive spectroscopy) of tephra, and the results should be treated with caution 
(Hunt & Hill, 1993). The lower precision of EDS is due to the inability of EDS to moni-

Fig. 3. The core collected from Lake Mulakullegöl. The samples were taken from between the white 
vertical bars.  
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tor the oxides independently. This inability therefore results in a failure to detect mobi-
lization of the elements (Hunt & Hill, 1993). WDS requires a higher beam current and 
longer counting time than EDS, but has the advantage of being able to sequentially ac-
quire elemental data, which enables the loss of elements to be tracked. The flat, pol-
ished surface of the glass shards used in WDS reduces the distortion produced by the 
individual shards morphology (Hunt & Hill, 1993). 
 
The organic carbon content of the sediment was established by drying 1 cm samples in 
105°C overnight and thereafter grinding the sediment sub-samples. These grinded sam-
ples were then further dried in 105°C for 1 h. Thereafter, the organic carbon content of 
the samples were measured by using an Eltra CS 500 Carbon Sulfur Determinator and 
the organic carbon content was given in percentage of the total dry weight of the sub-
samples. 

3 Results and interpretations 
The measurements of organic carbon content are incomplete in the upper part of the 
sediment core (Fig. 4), since the carbon determinator could not give reliable results 
above ca 30% carbon. However, what can be seen from the core is that the organic car-
bon content is rising from the bottom up, with a maximum content of 23.5% at 700-701 
cm. Conversely, the lowest content of organic carbon is 0.4% and occurs at the bottom 
of the core as well as in the middle of the core. In general, the organic carbon content is 
relatively low in the pre-Holocene sediments, i.e. from 713 cm and below. Based on the 
variations in carbon content (Fig. 4), sediments interpreted to be deposited during the 
Younger Dryas cover some 24 cm, i.e. ca 713-737 cm. Underneath the Younger Dryas 
sediments, sediments from the Allerød make up 737-752 cm and sediments older than 
that probably were deposited during the Older Dryas Stadial and possibly the latest part 
of the Bølling Interstadial, as inferred from variations in the carbon content (Fig. 4). It 
should be noted, however, that no radiocarbon dates were available; so all ages should 
be regarded as tentative.  
 
Three distinct tephra horizons were detected in the core (Fig. 4). Between 695-701 cm 
below the lake’s water surface, the tephra shards show the highest concentration, with a 
peak of 104 shards cm-3 at 699-700 cm. It is also between 695-701 cm that the most 
tephra shards are present, with concentrations ranging between 25 and 104 shards cm-3. 
The exception is 696-697 cm, where the concentration is only four shards cm-3. At 703-
704 cm there is a low concentration of tephra shards as well; three shards cm-3. 726-727 
and 727-728 cm has a concentration of five and four shards cm-3, respectively, while 
728-729 has a slightly higher concentration of 10 shards cm-3. In the bottom of the 
sediment core, between 765-769 cm, tephra shards are also found, with a maximum 
concentration in the middle of 25 shards cm-3 at 767-768 and a minimum concentration 
of six shards cm-3 at 765-766 cm and nine shards cm-3 at 769-770 cm.  
 
Two of the detected tephra horizons could be identified, based on their unique geo-
chemical signatures (Fig. 5). The horizon at 699-700 cm, i.e. the part of the 695-701 cm 
with the highest tephra concentration, has a signature and stratigraphic position roughly 
corresponding to the Hässeldalen Tephra (Davies et al., 2003), and the horizon at 726-
729 cm roughly corresponds to the Vedde Ash (Wastegård et al., 1998). The geochemi-
cal measurements plotted in Fig. 5 do not show perfect correspondence with the geo-
chemical envelopes of the respective tephras, but the dispersal is close enough for iden-
tification. The differing results are due to the differences in methods used to measure 
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Fig. 4. Organic carbon and tephra shard concentrations for the analyzed section of the sediment from 
Lake Mulakullagöl. Organic carbon is shown in percentage of total dry weight and is illustrated by 
the red line. Tephra shard concentration is shown in number of shards cm-3 and is illustrated by the 
black bars. The red text to the right denotes stadials/interstadials while the red text to the left denotes 
a possible oscillation within the Allerød. The black text denotes identified and possible tephras. Ques-
tion marks denote possible tephras or oscillations. 

the geochemical signatures; the envelopes are composed of measurements made with a 
WDS-equipped microprobe and the measurements from the current investigation were 
made by use of EDS. 
 
The Hässeldalen Tephra has been identified from Hässeldala port and Skallahult in 
Blekinge, southeastern Sweden by Davies et al. (2003). This tephra has a unique geo-
chemical signature of Icelandic origin, although the signature is similar to the Borrobol 
Tephra, but they can be distinguished by their different FeOX and CaO values (Tab. 1 
and 2 and Fig. 3 in Davies et al., 2003). The Hässeldalen Tephra has been dated to ca 
11,500 cal. yrs BP and is therefore placed at the Younger Dryas/Preboreal transition, i.e. 
at the younger side of the LGIT spectrum compared to the much older Borrobol Tephra. 
The source for this tephra is not known, but Snæfellsjökull in the extreme west of Ice-
land has been (Davies et al., 2003). 
 
The Vedde Ash has been identified in a number of Swedish sites (e.g. Wastegård et al., 
1998; Björck & Wastegård, 1999; Schoning et al., 2001) and has been dated to ca 
12,000 cal. yrs BP, i.e. in the middle part of the Younger Dryas Stadial. The Vedde 
Ash’s source is the Icelandic volcano Katla (Lacasse et al., 1995), located in the south 
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of the country. This tephra also has a unique geochemical signature and, compared to 
the Hässeldalen Tephra, has a lower Sio2 value (Tab. 1; Wastegård et al., 1998; Davies 
et al., 2003). Other than that, the concentrations of both FeOX and Al2O3 are markedly 
higher (Tab.1). 

Fig. 5. Binary plot of SiO2 and Na2O + K2O of the tephras analyzed by EDS analysis presented in 
Tab. 1. Geochemical envelopes of the different provinces and volcanic events modified from Turney 
et al., 2006. (HDT = Hässeldalen Tephra). 

 
The analyses of the other two levels, 695-696 cm and 766-768 cm, did not yield any 
useful results, probably because of difficulties to clean the samples in combination with 
low concentrations of tephra. One, or possibly two, other tephras were discovered, but 
were geochemically unidentifiable. At the top of the core, starting at 695 cm and form-
ing an unbroken, diffuse horizon, a tephra possibly separated from the Hässeldalen 
Tephra was detected. The other unidentifiable tephra was located between 765-770 cm, 
well below the Vedde Ash at 726-729 cm and thus most likely a separate tephra. The 
position of the uppermost tephra in the stratigraphy indicates that it might well be the 
10-ka Askja Tephra, dated to ca 11,300 cal. yrs BP (Wastegård, 2005). The level of the 
tephra located at the bottom of the sample is close to the expected stratigraphic position 
of the Borrobol Tephra, dated to ca 14,400 cal. yrs BP (Wastegård, 2005). Since both 
the Borrobol Tephra and the 10-ka Askja Tephra have been found further from Iceland 
(Wastegård et al., 2000; Davies et al., 2003), it is possible that the unidentified horizons 
belong to these tephras. However, without further geochemical analyses, the identities 
of these tephra horizons are equivocal. 

4 Discussion 
The detection of the Hässeldalen Tephra has extended the occurrence of the horizon 
from just two detections at Hässeldala port and Skallahult (Davies et al., 2003), both in 
Blekinge, in the southeastern part of Sweden. If properly dated, this horizon might serve 
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Table 1. Major oxide concentrations in tephra shards from Lake Mulakullegöl as measured by EDS
analysis. All oxides are expressed as wt% and the concentrations are normalized to 100%. 

No. SiO2 TiO2 Al2O3 FeOX MnO MgO CaO Na2O K2O

1 80.33 0.39 10.93 0.94 0.00 0.00 0.94 2.26 4.40

2 79.83 0.00 12.01 0.61 0.34 0.42 0.17 2.79 3.81

3 78.99 0.00 9.20 2.79 0.66 0.37 1.84 1.02 5.81

4 78.36 0.05 13.07 0.81 0.00 0.22 0.49 3.30 3.73

5 78.96 0.23 10.89 1.87 0.12 0.30 0.99 2.40 4.25

6 78.68 0.00 12.34 1.33 0.27 0.50 0.37 2.27 4.24

7 79.60 0.13 12.69 0.29 0.00 0.00 0.46 2.99 4.27

Mean 79.25 0.11 11.59 1.23 0.20 0.26 0.75 2.43 4.36

St. dev. 0.69 0.15 1.34 0.85 0.25 0.20 0.56 0.74 0.69

No. SiO2 TiO2 Al2O3 FeOX MnO MgO CaO Na2O K2O

1 73.07 0.35 14.42 3.98 0.59 0.28 0.39 3.54 3.38

2 73.10 0.00 11.11 4.26 1.37 0.69 2.64 3.39 4.92

3 72.21 0.72 12.81 3.24 0.13 0.43 1.89 5.20 3.36

4 71.48 0.70 12.73 6.66 0.00 0.15 1.43 3.58 3.32

5 73.01 0.33 13.89 3.62 0.00 0.28 1.16 4.43 3.47

6 70.88 0.73 14.51 3.67 0.35 0.05 1.13 5.21 3.47

7 71.92 1.12 13.20 4.41 0.41 0.35 1.24 2.43 4.93

8 73.80 0.00 14.20 2.38 0.57 0.21 0.83 5.02 3.01

Me

St. d

Hässeldalen Tephra

Lake Mulakullegöl 699-700 cm

Vedde Ash

Lake Mulakullegöl 726-729 cm

as a marker for the Preboreal warming following the Younger Dryas Stadial, and 
thereby the onset of the Holocene. By using the organic carbon content curve (Fig. 4) as 
a proxy for Lake Mulakullegöl’s productivity, and by extension as a rudimentary indi-
cation of the warming of the area, one might conclude that the region had started to be-
come warmer, probably as a result of the transition from the Younger Dryas to the Pre-
boreal. The increased amount of carbon indicates that the productivity had started to 
increase as well, owing to a warmer climate in the area. 
 
The uppermost tephra horizon, at 695-701 cm, was very diffuse, with relatively high 
concentrations compared to the older horizons. The entire horizon might consist of the 
Hässeldalen Tephra, or, alternatively, the uppermost part may be another tephra. The 
very low concentration of shards at 696-697 cm may indicate that the sediment at 695-
696 cm and possibly above that horizon might contain a tephra horizon separate from 
the Hässeldalen Tephra. If that is the case, the 10-ka Askja Tephra may well be the 
tephra in that horizon. Further analyses of these sediments might give a definite result. 

an 72.43 0.49 13.36 4.03 0.43 0.31 1.34 4.10 3.73

ev. 0.98 0.39 1.15 1.24 0.45 0.19 0.68 1.02 0.75

 
The Vedde Ash is one of the most widespread Icelandic tephras, with detections as far 
away as the Karelian Isthmus (Wastegård et al., 2000) and Switzerland (Blockley et al., 
2007). Therefore it is not surprising to find this particular tephra in southwestern Swe-
den. The Vedde Ash is located in the middle of the Younger Dryas (Fig. 4), which has 
been reported in a number of sources from other sites in the northwest of Europe (e.g. 
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Turney et al., 1997; Wastegård et al., 1998; Björck & Wastegård, 1999). The productiv-
ity of the lake was low at this time and as a result, the organic carbon content in the 
sediment is low. 
 
The organic carbon curve in Fig. 4 also shows, supposing that the lowermost, unidenti-
fied, tephra is the Borrobol Tephra, that warming had not yet occurred in this part of 
Sweden. Since the Allerød was synchronous in most of northwestern Europe (e.g. Tur-
ney et al., 1997; Eiríksson et al., 2000), it is possible that the Baltic Ice Lake or the 
presence of dead-ice may have influenced the local conditions and all of Southern Swe-
den, by delaying or obscuring the changes caused by a regional warming (Davies et al., 
2003). The tephra horizon is located almost at the bottom of the sediment strata and can 
tentatively be dated to ca 14,400 cal. yrs BP, which indicates that the area had not been 
free of ice for more than a few hundred years, since almost no sediment was located be-
low the tephra horizon. Another possible explanation is that the area had been ice-free 
for a longer time, but that for some reason a hiatus is present in the sediment.  
 
Between 740-745 cm the decline in organic carbon indicate a colder period before the 
Younger Dryas. This colder period is tentatively interpreted as the Gerzensee Oscilla-
tion, located in the generally warmer Allerød (Fig. 4; Andresen et al., 1999). If it were 
the Gerzensee Oscillation in the record, it would further strengthen the probability that 
the lowermost tephra horizon is the Borrobol Tephra. It is possible that an increased in-
put of minerogenic material could create a similar effect in the sediment, since the or-
ganic carbon content of the particular stratigraphic position would be lowered as a result 
of the influx of inorganic material. 
 
The extended known distribution of the Hässeldalen Tephra and the Vedde Ash has en-
abled a higher potential for correlations between marine, lacustrine, terrestrial and ice-
core records with regards to the LGIT. With the refined methods of extraction and 
analysis of cryptotephra, these correlations should become easier in the future. 

5 Conclusions 
 A tephrochronology framework for southwestern Sweden has been initiated, but the 

area will need to be investigated more thoroughly before a definitive framework 
can be established. 

 Two different tephras of Icelandic provenance were detected in the sediments of 
Lake Mulakullegöl; the Vedde Ash, dated to ca 12,000 cal. yrs BP, and the 
Hässeldalen Tephra, dated to ca 11,500 cal. yrs BP. 

 If the lowermost, unidentified tephra is the Borrobol Tephra, warming had not yet 
occurred in this part of Sweden. This warming might have been delayed or sup-
pressed by the Baltic Ice Lake or presence of dead-ice. The timing of the area’s de-
glaciation corresponds well with the dates given for Lake Bolmen. 

 No tephras from the Eifel region could be found, but that does not mean that the 
Icelandic and Continental European tephrochronology frameworks cannot be linked 
using further studies of the area. 
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