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Abstract 
Tephrochronology has recently been proven to be an excellent chronological tool in 
palaeoclimate studies (Guðmundsdóttir, 2010). This thesis concerns cryptotephra that 
occurs at several depths in lacustrine sediment cores from Kongressvatn, Svalbard. For it 
to become of chronological value for the core, the tephra is linked to Icelandic volcanic 
events in the late Holocene. Tephra was found in all samples taken at four different depth 
ranges in two sediment cores from Kongressvatn. All samples had numerous grains of 
tephra with excellent tephra morphology. Most likely volcanic source was found for each 
depth but geochemical analysis are needed to confirm the origin of the tephra. These 
findings show that cryptotephra is a potential chronological tool on Svalbard. Our future 
goal is to be able to construct an age-depth model with tephra as the proxy data found in 
the lacustrine sediment cores. The model can then be correlated with other age models 
from different archives and thus potentially improve age constraint for lacustrine sediments 
on Svalbard. In addition to that, cryptotephra from lacustrine sediment cores can be 
correlated with other Paleoclimatic archives and consequently enhance our understanding 
of the climate on Svalbard during the late Holocene. 
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Útdráttur 
Setkjarnar stöðuvatna eru oft rannsakaðir til að afla upplýsinga um fornar 
loftlagsbreytingar. Aldursgreining sem byggist á gjóskulögum hefur reynst vera 
einstaklega gott verkfæri til gerðar á aldurslíkönum á setkjörnum sem þessum 
(Guðmundsdóttir, 2010). Ritgerð þessi greinir frá rannsóknarferli og niðurstöðum 
gjóskurannsóknar sem gerð var á setkjarna úr stöðuvatni að nafni Kongressvatn á 
Svalbarða. Gjóska sem fannst í kjarnanum er talin eiga uppruna sinn í íslenskum eldgosum 
sem áttu sér stað á seinni hluta Nútímans (Holocene). Sýni voru tekin á fjórum 
mismunandi dýptarbilum í tveimur setkjörnum úr stöðuvatninu. Gjóska fannst í öllum 
sýnunum. Töluverður fjöldi gjóskukorna var í hverju sýni og báru öll kornin greinileg 
einkeinni gjósku. Til að staðfesta uppruna gjóskunnar þarf að gera viðeigandi 
efnagreiningu á henni. Niðustöður þessarar rannsóknar sýna fram á að gjóska getur verið 
mikilvægt verkfæri til aldursgreiningar á stöðuvatnaseti á Svalbarða. Framtíðar markmið 
rannsókna á borð við þessa er að smíða aldurslíkan fyrir stöðuvatnasetkjarna, byggt á 
gjósku. Slíkt líkan væri hægt að bera saman við önnur aldurslíkön og þannig mögulega 
bæta aldursgreiningar á stöðuvatnsseti á Svalbarða. Auk þess má tengja gjóskuna örðum 
heimildum um loftslag þess tíma sem rannsakaður er og þannig auka skilning okkar á 
loftslagi á Svalbarða tug þúsundir ára aftur í tímann. 
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1 Introduction 
1.1 Global climate change 
Global climate change is a vital issue facing the world today. Understanding the dynamics 
of past climate change is important to understand current climate change. The Arctic is 
highly sensitive to climate oscillation due to extensive positive feedback mechanisms 
acting at regional scales, such as changes in cloud dynamics, snow cover, sea ice, 
significance of permafrost etc. (Overpeck et al., 1997). Proxy data that exist within 
sedimentological records are essential to climate models that can help to predict and 
understand future climate changes. Age constrains for paleoclimatic events are necessary 
to interpret the proxy data correctly. Good chronological tools can be hard to find in the 
Arctic due to special conditions in the nature. Lakes on Svalbard have been shown to be 
sensitive to environmental changes (Birks et al., 2004a, b) so the environmental archive 
presented in their sediments is a highly valuable source of information about local climate 
change. Many sedimentary sequences require a reliable method of age constrain for further 
use. 

1.2 General global tephrochronology 
The use of thephrochronology has grown considerably in the field of palaeoclimate studies 
(Guðmundsdóttir, 2010). Volcanic tephra can be used as a tool to correlate paleoclimatic 
archives like marine-, ice- and terrestrial core with lacustrine sediment cores. The quite 
frequent explosive volcanic eruptions in Iceland produce either partly or solely tephra 
(Guðmundsdóttir, 2010). Tephra has multiple identities such as chemical composition, 
thickness, grain size, stratigraphic position, grain morphology and color. Therefore every 
single tephra layer can be identified due to it’s unique fingerprint. Many of the volcanic 
systems in Iceland have geochemical characteristics allowing their tephra to be recognized 
by geochemical analysis and visual microscopic inspection and then correlated to the right 
source (Larsen et al., 1999). Airborne tephra can travel with the eruption plume several 
thousand kilometers from source and leaves a veil of glass particles in its wake that cover 
hundreds of thousands of km2 (Guðmundsdóttir, 2010). The Svalbard archipelago is 
located approximately 2000 km north east of Iceland. Iceland-originated tephra can be 
found in Svalbard’s sedimentary history but not as tephra layers, rather as single grains, 
cryptotephra.  

Tephrochronology provides valuable time-parallel marker horizons (Turney, 1998) which 
recurrently allow precise correlations between Quaternary stratigraphic sequences and 
paleoclimatic proxy archives mentioned before. 

1.3 Tephrochronology on Svalbard 
Tephra grains from five Icelandic volcanic events have been discovered on Svalbard. Two 
tephra layers have been described in published studies, in the Lomonosovfonna ice core, 
tephra from Laki, a long-lasting Icelandic volcanic eruption in 1783 and an eruption in 
Grímsvötn volcanic system in 1903 (Kekonen et al., 2005) (Wastegård & Davies, 2009). 
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Tephra from three other eruptions have been discovered in lacustrine sediment cores from 
Kongressvatn. The tephra has been identified and came from the following events, 
Öræfajökull (AD 1362), Hekla (AD 1104) and Snæfellsjökull (SN-1, AD 170) (D’Andrea 
et al., 2011, unpublished). Possible reason for so few tephra layers found in Svalbard is the 
long distance between Svalbard and the location of nearest volcanic source, Iceland and 
Jan Mayen, and the fact that the predominant transport pathway of tephra the past 
millennium is an easterly-southeasterly direction (Wastegård & Davies, 2009). 

Finding tephra in lake cores in Svalbard can be very helpful to correlate the sediment with 
other paleoclimatic archives in lacustrine sediment cores. When it comes to chronological 
research, there are several challenges encountered in chronological studies in lacustrine 
sediments in Svalbard and the Arctic in general (Wolfe et al., 2005). Unique environmental 
circumstances initiate unsuccessful development of sediment chronology in lakes (Wolfe et 
al., 2005). Commonly used chronological methods such as pollen and radiocarbon dating 
(14C) are difficult to use in Kongressvatn due to conditions on Svalbard.  

1.4 Other methods for chronological studies on 
lacustrine sediment 

Pollen is not used as a correlation tool on Svalbard because considerably high percentage 
of pollen found in lacustrine sediments on Svalbard is an aeolian deposit transported from 
(far away) neighboring countries, far-distance extra-regional pollen,  and therefore can not 
be used for correlations (Birks et al., 2004). Long distance transported pollen would not 
represent the local vegetation. Tephra can consequently come in as a critical correlation 
tool in lacustrine studies in Svalbard. 
There are three main reasons for radiocarbon dating not being a suitable dating method. 
Dissolution of carbonate detrital material can cause great hard water effects in lakes (Rea 
& Colman, 1995). Lakes in carbonate terrain, like Kongressvatn, are likely to have hard- 
water effects where macrofossils from older sediments can be redeposited in younger ones 
(sediments) (Wolfe et al., 2005) and contaminate the sediment. Errors in the 14C ages 
caused by the hard-water effect can be several hundred, up to thousand years (Colman et 
al., 1990). The hard water affects are not constant with time that makes the error even 
greater (Rea & Colman, 1995). Additionally permafrost is present on Svalbard, and low 
temperatures in the active layer delay the progress of deposition of organic carbon. Slow 
rates of organic matter deposition and the lack of terrestrial macrofossils, due to low plant 
production, cause intractable settings for radiocarbon dating (Oswald et al., 2004). Last but 
not least coal contamination can be present in Kongressvatn. The presence of coal in the 
watershed can contribute 14C-dead carbon to the lake (Bøyum and Kjensmo, 1970, 
Guilizzoni et al., 2006). Due to these complications with general dating methods, 
tephrachronology may be a vital method of age constraint for sediments in Kongressvatn 
and conceivably many other lakes on Svalbard. 
 In April 2008 three cores were taken from Kongressvatn’s basin, K1, K2 and K3. 
The long cores, K1 and K2, were taken using a Nesje corer and the short core K3 was 
taken by using a gravity corer. In this study I will focus on the top 50 cm of K2,  a core 
approximately 4.5 meter long and I will study the upper most part of K3, a shorter core (72 
cm), parallel to K1 and K2. Currently (in 2011-2012) all three cores are stored at the 
University Centre in Svalbard (UNIS) and are accessible simultaneously for the first time 
since 2008. This allows correlation of the three cores, both by looking for tephra and 
correlate them by visually inspection.  
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2 Study area 
2.1 Locality 

 

Figure 2.1 Location of the study area on Svalbard, Kongressvatn marked with a red star (Norwegian Polar 
Institute, map adapted by Héðinsdóttir, 2012). 

 

Kongressvatn is located on Nordenskiold Land, nearby Barentsburg. It is in the inner part 
of Kongressdalen, a valley that lies roughly perpendicular to Linnédalen to the southwest 
(Fig. 2.1) at 78°01’ North and 13°58’ East (Holm et al., 2011). It has an elevation of 94 m 
a.s.l. (Guilizzoni et al., 2006). Raised beach terraces in the area, from the Holocene, are at 
65-75 m a.s.l (Guilizzoni et al., 2006). The highest raised beach terrace is the 87 m high 
terrace, dated to be older than the Holocene terraces (Mangerud et al., 1998) so the 
postglacial upper marine limit is between 65 and 87 m, therefore no marine influences 
have occured in  Kongressvatn. Kongressvatn is relatively small, but deep meromectic 
arctic lake, and it covers 0.82 km2 (Bøyum and Kjensmo, 1970). In 1968 the maximum 
water depth was 52 m (±0.5 m) (Bøyum & Kjensmo, 1970). Since then the water volume 
has decreased by 18% and in 2010 it reaches maximum depth of 47.5 m (Holm et al., 
2011). 
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2.2 Geologic setting of Kongressvatn 
The lake is glacier fed to a great extent, and is therefore an ideal location for study of 
paleoclimatic changes since the provenance of sediment deposited into the lake is 
influenced by glacial oscillations (Wei-Haas, 2009). In addition to glacier influence there 
are several springs in the area surrounding Kongressvatn (Bøyum and Kjensmo, 1970) 
whereas three small streams drain into the lake. Two of these streams drain small glaciers 
and one of them originates from three mineral springs that are rich in hydrogen sulphide 
which cause the meromictic stability of the lake (Guilizzoni et al., 2006) (Fig.2.2).  
According to the Geological map of Svalbard (Geological map 1:500000, Norsk 
Polarinstitutt, Dallmann, 1993) the catchment area for Kongressvatn consists of 
Carboniferous-Permian limestone and gypsum, predominantly dolomitic limestone and 
abundant gypsum bare rocks (Vaillencourt, 2010). Kongressvatn is thought to have formed 
as a karst sinkhole at first and then changed and developed with time, thus it is thought to 
have a complicated subsurface drainage network (Alan Werner (Mount Holyoke college), 
personal communication, October, 2011). Recent observations (2005-2010) show only one 
visible surface outflow from Kongressvatn to Kongress River in 2006. The water regularly 
flows out of the karst system into the Kongress River 50-80 m downstream from the outlet 
(Holm et al., 2011). Geothermal heat due to a tectonic fault, exists in the area around 
Kongressvatn. This heat can explain the karst features in the valley with constant 
groundwater circulation that prevents formation of permafrost.  

 

Figure 2.2 Map of Kongressvatn: a) Location of the lake and it’s surroundings (Bøyum & Kjensmo, 1970); 
b) Figure that shows deepest point of the lake, inflows, possible outflows, springs around the lake and it’s 
catchment area (Holm et atl., 2011); c) bathymetric map (Constructed by participants of the Svalbard-REU 
course in 2005). 
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3 Methods 
3.1 Coring and sediment analyses 
The cores were taken in April 2008 using a Nesje corer for the two long cores K1 and K2 
and a gravity corer for the 76 cm long K3. K1 was taken at 78°01.255’ N and 13°57.491’ 
W the 8th of April and K2, along with K3, was taken at 78°01.26’ N and 13°57.353‘ W on 
the 9th of April.  

Visual inspection on the open cores was done in the geology lab at UNIS in October 2011. 
Structural changes, grain size and color changes of the sediment were examined and 
logged. When looking for tephra in lacustrine sediment cores, samples are taken at depths 
where tephra can possibly be found.  

3.2 Sampling 
To increase the odds of finding tephra, average sedimentation rate was estimated. Taking 
into account that high latitude lakes have considerably lower sediment accumulation rates 
compared to lakes positioned at lower latitudes (Wolfe et al., 2005). Samples were taken at 
depths that matched the year of identified individual volcanic eruption from Iceland. These 
volcanic eruptions had several things in common. Tephra from these eruptions had been 
found on Svalbard or Northern Scandinavia, they all took place in the late Holocene and 
their plume spread northward. K2 is a 446 cm long core. When choosing appropriate 
depths for samples, a 7 centimeters top was assumed missing. An approximated 
sedimentation rate of 0.36 mm year-1 was decided on. According to Guilizzoni, 
sedimentation rates vary between 0.23 and 0.30 mm year-1. Using sedimentation rate of 
0,36 mm years-1 the samples were taken at following depths: 0.1 – 4.1 cm for Laki (AD 
1783), 14.8 – 18.8 cm for Öræfajökull (AD 1362) and 24.0-28.0 cm for Hekla-1 (AD 
1104). Four samples, 3 cm3 each, were taken at every depth range. 

3.3 Correlation of K1, K2 & K3 
In early November 2011 all three cores, K1, K2 and K3 were brought out for inspection 
and were visually correlated. The cores were lined up parallel to each other and mutual 
sedimentological features detected. Five prominent features were marked and the cores 
were arranged relative to these features and the depths they were found at (Fig. 3.1). The 
results of the visual correlation was that  approximately 12 cm of the top sediments of K1 
and 26 cm of K2 were lost during the coring process in 2008. 

Whilst correlating the three cores, an unpublished paper by William J. D’Andrea et al. on 
Kongressvatn was brought to our attention. In that study three tephra layers were found at 
three different depths in a sediment core called Kong-B taken parallel to K3 in 
Kongressvatn. This study was believed to be a reliable source that could increase our 
chance of finding tephra in the cores so a new estimated sedimentation rate of 0.31 mm 
years-1 was found in relation to the depths of found tephra in D’Andrea’s study.  



6 

Since the estimated missing 7 centimeters top of the cores was considered to be inaccurate,  
new actual depths were found for K1 and K2. The actual depth is the depth from the lake 
basin down to the top of the core (26 cm for K2) plus the depth in the core. Luckily most 
of the samples already taken from both cores (K1 & K2) overlapped with the depths of 
found tephra in D’Andrea’s study. One depth interval was not covered so three 3 cm3 
samples were taken in addition to the former samples at actual depth 18.5 cm - 21.5 cm in 
K1 and K3. Table 3.1 shows where samples were taken and in which core. 
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Figure 3.1 The cores K1, K2 and K3 parallel to each other and common features highlighted: 1) a thick, 
bright, unlaminated layer; 2) three fine, red laminations; 3) three brighter layers; 4) one distinctive bright 
layer; 5) two thin brown/yellow layers. At 65 cm depth was a noticeable color change from gray sediments to 
sediments with a green touch. (Photo: Héðinsdóttir. 2011). 
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Table  3.1 Samples taken in K1 & K3 

Sample nr Depth in core (cm) Actual depth (cm) Core 

1 0.1-1.1 26.1-27.1 

2 1.1-2.1 27.1-28.1 

3 2.1-3.1 28.1-29.1 

4 3.1-4.1 29.1-30.1 

K2 

5 14.8-15.8 40.8-41.8 

6 15.8-16.8 41.8-42.8 

7 16.8-17.8 42.8-43.8 

8 17.8-18.8 43.8-44.8 

K2 

9 24.0-25.0 50.5-51.5 

10 25.0-26.0 51.5-52.5 

11 26.0-27.0 52.5-53.5 

12 27.0-28.0 53.5-54.5 

K2 

13 18.5-19.5 18.5-19.5 

14 19.5-20.5 19.5-20.5 

15 20.5-21.5 20.5-21.5 

K3 

 

3.4 Tephra separation 
Once all the samples were ready for further treatment the tephra was separated from the 
rest of the sediment, using a method described by Turney (1998).  

1. The samples were put in crucibles and ashed in 600 °C for 4 hours to remove 
organic contamination. Then they were cooled in a desiccator and weighed. 

2. Samples where then put in a fume hood and 10 % Hydrochloric acid added to 
disaggregated the sediment and remove soluble inorganics. The ashed sediment 
remained in the HCl solution overnight. 

3. Samples (solution plus ash) were then sieved (wet sieving) to get grain sizes 
between 25 µm and 80 µm and larger than 80 µm, the size fraction in which 
microtephra particles are normally concentrated. 

4. Finally samples were centrifuged twice in a flotation medium, Sodium 
Polytungstate (Na6(H2W12O40)·H2O). Approximate density of the Sodium 
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Polytungstate was 2,45 g cm-3, speed was 2500 rpm and brake rate 0 for 20 
minutes. Before centrifuging, samples were thoroughly mixed. The Supernatant 
podium polytungstate was collected and filtered for reusing. 

5. After every treatment the “float” was collected with a clean pipette and put on petri 
dish and deionized water added. This was done in order to separate the light tephra 
from heavier sediments in the samples 

All the remaining residue of the samples was properly saved for further studies of samples 
in the near future.  

3.5  Microscopic analysis 
All 15 samples were examined microscopically. The targets of this microscopic quest were 
transparent fragments with sharp edges, high relief extinction and some times vesicles. 
Tephra grains were analyzed and photographed. The optics used for this part of the 
methodology was a mineralogical microscope (Nikon Eclipse 50i POL) with a CFI 10x/22 
eye piece and lenses 4x/0.10 Pol ∞/- WD 30 and 10x/0.25 Pol ∞/- WD 7.0. The digital 
camera used for photographing the tephra grains was a Nikon COOLPIX 8400 with an 
MDC lens. Photos were taken whilst using the 10x/0.25 Pol ∞/- WD 7.0- lens. 
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4 Results 
Tephra was found in every single sample taken from both K2 and K3 except for two 
samples taken at depth of 25.0-26.0 cm and 26.0-27.0 cm in K2 because they broke in the 
centrifuging process and could not be examined further. The tephra grains found in all four 
sampling depth ranges had typical tephra-characteristics and excellent tephra morphology. 
Images show tephra found at various sampling depths (Fig. 4.1-4.4). Numerous tephra 
grains were found in every sample, images shown here are only examples of tephra in each 
sample.  
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Figure 4.1 Grains with tephra morphology found in samples 2 and 3 at actual depth 27.1 cm - 29.1 cm (K2) 
(Photo: Héðinsdottir, 2011). 
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Figure 4.2 Grains with tephra morphology found in samples 6 and 7 at actual depth 41.8 cm - 43.8 cm (K2) 
(Photo: Héðinsdottir, 2011). 
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Figure 4.3 Grains with tephra morphology found in samples 9 and 12 at actual depth 50.5 cm - 54.5 cm (K2) 
(Photo: Héðinsdottir, 2011). 
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Figure 4.4 Grains with tephra morphology found in samples 13 and 15 at actual depth 18.5 cm - 20.5 cm 
(K3) (Photo: Héðinsdottir, 2011). 
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5 .Discussion 
5.1  Interpretation 
Tephra comes in all shapes and sizes. Some volcanic events have tephra with distinctive 
characteristics but volcanic events can form several different kinds of tephra during one 
eruption. The intensity and power of the eruption along with chemical composition of the 
lava are the variables (Guðmundsdóttir, 2010).  

The tephra found in samples from K2 and K3 were linked to major volcanic events from 
Iceland in the late Holocene. The events matched the calculated age of sediments at the 
depths in the cores according to sedimentation rate of 0.31 mm years-1. Tephra from most 
of the events has already been discovered on Svalbard. The other volcanic events were big 
with a wide spread eruption plume, big enough for the tephra to be likely to reach 
Svalbard.  

Since the top of K2 is at assumed actual depth 26 cm there is not a possibility of finding 
tephra from Öræfajökull (AD 1362) in K2 when assumed sedimentation rate was 0.31 mm 
years-1. The additional samples taken from K3, samples 13-15 (Table 3.1), were intended 
for possibly finding tephra from Öræfajökull (AD 1362). Tephra was found at this depth 
and is assumed to be from Öræfajökull (AD 1362). 

K2 had three different sample depth ranges which all contained tephra. Tephra from 
samples 2-4 in K2, taken at actual depth 27.1 cm - 30.1 cm is likely  to be from Hekla-1. 
Samples 5-8 from K2 were taken at actual depth 40.8 cm - 44.8 cm and therefore is 
Snæfellsjökull (Sn-1: AD 170) is thought to be the most likely source for these samples. 
Last but not least tephra was found in samples 9 and 12 from K2. These samples were 
taken at actual depth 50.5 cm - 51.5 cm and 53.5 cm - 54.5 cm. No tephra has been 
described or diagnosed from this depth before. Without further study and geochemical 
analysis the only thing we can do is to assume that this tephra layer is older than 
Snæfellsjökull (Sn-1: AD 170). Focusing on volcanic events in Iceland, the most likely 
event to cause the tephra would either be an eruption in Katla or an eruption in the volcanic 
system Veiðivötn. Both of these events took place around 2340 years ago. This assumption 
is based on tephra stratigraphy on Icelandic thephra layers in Iceland by Guðmundsdóttir 
(2010) (Fig. 5.1).  

When samples 9 and 12 are examined and grains with tephra morphology are studied 
further, two kinds of grains seam to dominate the possible tephra. One type is more glassy, 
clear and transparent, and the other one is thinner and is clearly shaped differently than the 
other type (Fig. 4.3). Perhaps these samples carry tephra from both Katla and Veiðivötn 
but geochemical analysis have to be done to verify these speculations.  

Table 5.1 shows what event has been linked to the tephra found in cores K2 and K3. 



16 

 

 

Table  5.1 Summary of samples and possible volcanic source. 

Sample nr Actual depth (cm) Core Volcanic event Age 

1 26.1-27.1 

2 27.1-28.1 

3 28.1-29.1 

4 29.1-30.1 

K2 Hekla-1 AD 1104 

5 40.8-41.8 

6 41.8-42.8 

7 42.8-43.8 

8 43.8-44.8 

K2 Snæfellsjökull (Sn-1) AD 107 

9 50.5-51.5 

10 51.5-52.5 

11 52.5-53.5 

12 53.5-54.5 

K2 Katla/Veiðivötn 2340 BP 

13 18.5-19.5 

14 19.5-20.5 

15 20.5-21.5 

K3 Öræfajökull AD 1362 
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5.2 Correlation between K1, K2 & K3 
Whilst undertaking this study, a colleague Michael Cope embarked on a study of the same 
nature focusing on K1. Fifteen samples were taken from K1 as well as K2 and K3, the 
following six samples were taken at the same actual depths: three samples at 18.5 cm - 
21.5 cm and three samples at 27.1 cm - 30.1 cm (Fig. 5.2). Tephra was detected in all of 
these samples. Samples at depth 18.5 cm - 21.5 cm are believed to contain tephra grains 
from Öræfajökull (AD 1362)  and samples at depth 27.1 cm - 30.1 cm are thought to 
contain tephra grains from Hekla-1 (AD 1104) (Fig. 5.1). Visual comparison of the tephra 
grains found at the same depths across the cores showed obvious similarities in grains 
between cores, however some discontinuities in appearance were also noted. Core K2 is 
more deformed than K1 and K3, therefore it is more difficult to sample from exact desired 
depths. These differences could also be caused by slightly opposing methods of sampling 
analysis. Geochemical analysis is needed to confirm these assumptions.  

 

 

Figure 5.1 Tephra layers found in a marine sediment core MD99-2275, cored northeast of Iceland, correlated 
with tephra layers found in a terrestrial sediment core Svartárkot, cored inland south of MD99-2275 
(Guðmundsdóttir, 2010). The purple layer at 2340 years BP contains tephra from Katla and Veiðivötn. These 
volcanic eruptions are the most likely source for tephra from samples 9 and 12.  
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Figure 5.2  Boxes show where samples were taken in   K1, K2 and K3. Yellow boxes show the samples that 
had the same actual depth, comparison was made on tephra found in those samples. (Photo: Héðinsdóttir, 
2011). 
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5.3 Probability of tephra depositing in the Arctic 
Various factors may cause tephra not to be deposited in the Arctic in general and 
particularly in Kongressvatn. As mentioned before the distance between the active volcanic 
source and Svalbard is great and the transport pathway of tephra and wind direction has to 
be in Svalbard’s favor for tephra to be deposited. Due to Kongressvatn’s  location it is 
shielded from the dominant Northeast wind direction. It is surrounded by two mountains 
ranges; 450-675 meters high, to the Southeast and North (Akerman, 1980), that could 
decrease the probability of deposition of far-flung airborne material. Tephra that actually 
makes it’s way to Svalbard and to Kongresvatnet’s area, may not be deposited in the lake 
sediments. Kongressvatn is ice covered 9-11 months per year (Holm et al., 2011) and 
tephra that ends up on the ice or in snow on the ice can easily get blown away by strong 
winds or carried away from the lake’s catchment area, with snowdrift. If a volcanic event 
occurs during the winter, the likelihood of tephra being deposited in Svalbard decreases 
highly. The tephra will not be deposited directly on the lake’s basin and might be blown 
away before it gets stuck to the ice or the ice cover melts in the summer. As mentioned, 
high latitude lakes are relatively inactive during the winter so their lake hydrology is 
dominated by summer snowmelt (Wolfe et al., 2005). Tephra found in lacustrine sediments 
in Svalbard is therefore likely to have been primarily deposited in snow, in the lake’s 
drainage basin, and washed into the lake with the summer snowmelt. The sedimentation 
rate is higher during the summer when the lake’s surface is opened and aeolian input from 
the catchment area is released.  

5.4 Basaltic tephra neglected 
The methodology used is not essential for the detection of bimodal ash, rhyolitic and 
basaltic tephra (Turney, 1998). This study is concluded only to isolate the rhyoliltic 
component of the microtephra. The Sodium Polytungastate used in the centrifuging part of 
the study was approximately 2.54 g cm-3, unfortunately the basaltic vesicular shards remain 
with the residue in the centrifuging process in liquid up to 2.75 g cm-3 (Turney, 1998). The 
remain of samples along with the basaltic glass shards were discarded after the 
centrifuging stage of the methodology, therefore basaltic tephra is neglected. 

5.5 Sedimentation rate 
At the beginning of this study, before samples were taken, sedimentation rate was 
approximated. Assuming that the rate would stay the same throughout the core, samples 
were taken and processed. Now most likely volcanic sources have been found for all the 
tephra at all four sampling depths. Since we know the dates of these volcanic events we 
can construct a timescale. If the tephra grains turn out to be originated from the eruptions 
we correlate them to in this study, the sedimentation rate is not linear (Fig. 5.3). It appears 
to slow down the further down you go in the core. In the top ~18 cm of the core the 
sedimentation rate was calculated to be 0.31 mm years-1. At actual depth ~41 cm it has 
dropped down to 0.15 mm years-1. At ~52 cm depth it was calculated to be 0.21 mm years-

1. Note that the volcanic event at ~52 cm depth is merely speculated, geochemical analysis 
have to be done to confirm the origin of the tephra. Slower sedimentation rates have to be 
considered in case if this tephra was deposited during an younger eruption. Keeping in 
mind that compaction has an impact on the depth where the tephra is found and thus effects 
the sedimentation rate. Even though there are plenty of question marks in these 
speculations the rates concluded correspond well with Guilizzoni’s findings in 2006. 
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Figure 5.3 Sedimentation rate shown in realation to depth in the core. 
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6 Conclusion 
Tephra was found in all samples taken from K2 and K3 from Kongressvatn. Volcanic 
events have been linked to all four depth-intervals (Table 5.1) and sedimentation rate were 
calculated.  

These findings show that tephra can be found in lacustrine sediments in Svalbard. With 
further study and verification of the volcanic events linked to the tephra, such as 
geochemical analysis, tephra can be used as a vital chronological tool in Svalbard. This 
indicates furthermore that tephra probably can be used to construct sedimentation rates in 
lakes and be used as a correlation tool on Svalbard. 
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7 Further study 
Both K1 and K2 are roughly 4.5 meters long. In this study (and co-study on K1, by 
Michael Cope) only the top ~50 cm of each core were studied. These ~50 cm of sediments 
are thought to carry significant information about the climate and conditions on Svalbard 
in the late Holocene. These sediments are currently being studied by scientists. We can 
only imagine what the additional, yet to be studied, 4 meters of sediments can tell us and 
how far back in the chronological history it can take us. NB K2 is vastly disturbed, an 
approximately 60 cm diamicton appears at actual depth 86 cm and the sediments below it 
are very disturbed. Future study on sediments from Kongressvatn will therefore be done on 
K1. Guðmundstóttir wrote her PHD thesis on tephra stratigraphy and land-sea correlation 
in North and  Northeast Iceland. She found and identified a couple of new tephra layers, 
Hekla-Ö and Hekla-DH that have never been described before. She also yielded 29 new 
correlations between marine tephra layers and soil section (Fig. 7.1). It would be 
interesting to take more samples further down the core from Kongressvatn and look for 
more tephra to correlate to here findings. That study, if successful, would improve age 
chronology in Svalbard based on chryptotephra from lacustrine sediments to a great extent. 
In addition that could verify the hypothesis about the changing sedimentation rate with 
depth in Kongressvatn. Tephra layer frequency in data from Iceland shows two peaks in 
volcanic activity in the last 7000 years, the last 2000 years and between 5-7000 years 
(Guðmundsdóttir, 2010). Any of those numerous tephra layers found at the peaks and the 
additional eruptions during the volcanic activity low (Fig. 7.1) can possibly be found 
further down in the core assuming the volcanic plume made it all the way to Svalbard. 
Tephra from the early Holocene has never been found in lacustrine sediment core in 
Svalbard before. Having K1 and K2 for further study gives us the opportunity to look into 
the early Holocene and possibly date certain depths, if tephra will be found. To identify the 
tephra, geochemical analysis is needed. 
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Figure 7.1 Tephra-correlation of three marine sediment cores and three soil section from North and Northeast 
Iceland. (Guðmundsdóttir, 2010). 
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