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INTRODUCTION

Recent observations show that climate change is 
happening at an unprecedented rate, and a wide 
range of evidence indicates it is likely due to anthro-
pogenic forcings aided by the rise of greenhouse 
gas emissions since the industrial revolution (IPCC, 
2007).  The High Arctic is especially susceptible 
to climate change and recent studies have shown a 
dramatic rise in the last century after a prolonged 
late Holocene cooling period (Holmgren et al., 2010, 
Kaufman et al., 2009).  The lack of long-term records 
make it difficult to put the present climate changes 
into the context of past natural climate variability, 
which is vital for modeling future climate predic-
tions.  Natural recorders of climate variability found 
in geologic archives are being used to extend the 
instrumental period back thousands of years. 

These natural recorders from geologic archives are 
able to assist in reconstructing key climate variables 
such as temperature, precipitation, and glacier ad-
vance/retreat.  The best reconstructions use multiple 
proxies to add confidence to proposed interpreta-
tions.  Lake sediments are one of many archives that 
preserve these natural recorders, and with the help 
of radioactive isotopes and varves (visibly countable 
annual layers of sediment) that help to constrain 
proper age chronology; one can place these changes 
of climate in a temporal context. 

One such recorder is a fat produced by unique algae 
known as the haptophyte who are ubiquitous in the 
world’s oceans (Brassell et al., 1986, Conte et al., 
1994, Muller et al., 1998) and recently being dis-
covered in lake sediments from places around the 
globe from Antarctica’s Lake Vostok, to mid-latitude 
Germany, arctic Greenland and now Kongressvat-
net, Svalbard (D’Andrea et al., 2006, D’Andrea, pers. 

comm., Muller et al., 1998, Schouten et al., 2001, 
Zink et al., 2001, and others).  Core top studies from 
a meridional transect in the Atlantic Ocean have 
shown a linear relationship with an alkenone un-
saturation ratio to sea surface temperatures (Muller 
et al., 1998). Culture experiments in the lab have 
also confirmed that haptophytes respond to changes 
in temperature by altering their ratio of alkenones 
produced linearly (Conte et al., 1998 and references 
within).

Alkenones are straight-chained lipids (a fat) with 37-
carbon atoms, produced with different levels of un-
saturation, the more double bonds in the structure, 
the more unsaturated they are and vary in the form 
of di- tri- and tetra-unsaturations (henceforth re-
ferred to as 37:2, 37:3 and 37:4 respectively) (Fig. 1).  
Higher abundances of the more unsaturated (tetra) 
to the lesser unsaturated (di-) make up the UK

37 
index that relates to temperature (see Fig. 1).  Be-
cause alkenones produced by different haptophytes 
may result in different calibrations of temperature 
(Conte et al., 1998), being able to calibrate the UK

37 
index to a nearby weather station allows the index to 
become a powerful proxy that extends temperature 
records when the meteorological data ends.  Using 
the available data from the weather station in Long-
yearbyen, approximately 40 km northeast of Lake 
Kongressvatnet, we calibrated the unique alkenone 
signature and reconstruct climate variability over 
the last 1,200 years. 

SITE AREA

Kongressvatnet is located on Svalbard, an archi-
pelago north of Norway, halfway between mainland 
Norway and the North Pole bounded by the Bar-
ents Sea, Norwegian Sea and the Arctic Ocean. The 

ALKENONE-INFERRED TEMPERATURE RECONSTRUCTION 
FROM KONGRESSVATNET, SVALBARD
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Svalbard region is considered a tundra climate based 
on the Köppen-Greiger climate classification, which 
is relatively mild for its latitude thanks in part to the 
warm Gulf Stream flow off the west coast (Guiliz-
zoni et al., 2006).  Based on available meteorological 
data extending back to 1912, the annual mean tem-
perature is -6.3 °C, however summer temperatures 
can easily exceed +6 °C.  Annual precipitation in the 
region averages between 400-600 mm, and due to 
the lack of winter light and cold temperatures, ice 
persists on Kongressvatnet for all but 2-3 months 
during the summer (Guilizzoni et al., 2006). 

Kongressvatnet is a 0.82 km2 area lake, situated at 
78° 1’ N and 13° 59’E, 94 m above sea level (Fig. 2) 
in the valley of Kongressdalen (Bøyum and Kjen-
smo, 1970).  It is surrounded by dolomitic limestone 
rocks with abundant gypsum and is a simple basin 
reaching a depth of 47 meters (although earlier stud-
ies have shown the lake level to be several meters 
higher (Fig. 2)).  The lake is meromictic, meaning 
it is density stratified (Bøyum and Kjensmo, 1970).  
It is both thermally and chemically stratified, with 
a sharp thermocline observed at 13 meters, while a 
chemocline occurs at 44 meters water depth (Fig. 
3), just a few meters above the lake bottom where 
anoxic conditions exist, likely created by purple-sul-
fur bacteria (Bøyum and Kjensmo, 1970, Guilizzoni 
et al., 2006).

METHODS

During the summer 2009 field season we collected 
CTD data to determine depths of the thermocline 
and chemocline, lake water temperature, conductiv-
ity and turbidity using a Troll 9500 from In-Situ Inc.  

Figure 1: Shows the chemical structure of the long-chain 
alkenones used to reconstruct temperature (top) as well as the 
formula for the UK

37 index ratio (bottom).

Figure 2: Map showing the location of Kongressvatnet on 
Svalbard in relation to Longyearbyen where the meteorologi-
cal station is (top, adapted from Guilizzoni et al., 2006) and a 
bathymetric map compiled by the 2005 Research Experience for 
Undergraduate (REU) team (bottom).

Figure 3: Profile of lake temperature, turbidity and conductivity 
measured at the site marked by an x from Figure 2.
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A core 60 cm in length was recovered by gravity 
corer, and based on the clear sediment-water inter-
face I am confident that we captured the most recent 
sediment deposited from the 2009 spring melt.  
Using an extruding device, samples were taken at ¼ 
cm intervals from the top 9 cm in the field before 
prior to dewatering and compaction. This sampling 
represents sub-decadal sample resolution

Samples were subsequently dewatered, and safely 
transported back to Mt. Holyoke College in South 
Hadley, MA where they were sliced open and 
photographed before being stored in a cold room 
facility at 4 °C at the University of Massachusetts 
Amherst.  The remaining sediment was sampled 
at ¼ cm increments for the top 18-cm and ½ cm 
for 18 to 60 cm, freeze-dried, homogenized and 
the organics extracted using a Dionex Accelerated 
Solvent Extractor (ASE200) with a 9 to 1 mix of 
Dichloromethane to Methanol (DCM:MeOH).  The 
resulting total lipid extract (TLE) was saponified to 
isolate the alkenones that may co-elute with other 
similar length molecules by methods proposed by 
W.J. D’Andrea (pers. comm.).  A predetermined 
mass of standard was added to the toluene sample 
containing the alkenones and injected into a Gas 
Chromatograph coupled to a Flame Ionization 
Detector (GC-FID) following the protocol of Huang 
and D’Andrea (unpublished).  The abundance of the 
respective unsaturated alkenones was quantified and 
measured relative to the mass of sediment as well as 
used to calibrate into summer temperature.  

In order to accurately and confidently calibrate 
core depth with age, total carbon was analyzed with 
a Costech Elemental Analyzer and compared to 
data from Guilizzoni et al., 2006, who published an 
extensive review of Kongressvatnet lake sediments, 
and derived an age model from a combination of 
lead and cesium peaks, varve counting and paleo-
magnetic reconstruction. Total carbon results from 
the top of the recovered core were matched to the 
age model of Guilizzoni et al. (2006) to create the 
age model (Fig. 4). Guilizzoni reports an average 
sedimentation rate of 30 yrs/cm, which was applied 
to my model for any dates pre-1800 where total car-
bon matching is not available.

For calibration of theUK
37 index to temperature, 

a 7-year running mean of June and July average 
temperatures from the Longyearbyen meteorologi-
cal station was found to have the most statistically 
significant relationship to the UK

37 values generated 
(Fig. 5). The resulting data points (n=17) were used 
to generate a linear regression (see results) and were 
extrapolated back throughout the alkenone record. 

RESULTS

Concentrations of alkenones are abundant down 
core until 38.5 cm depth where a stark change in 
total lipid extracts color and a significant drop in 
alkenone concentrations occurred (Fig. 6).  Many 
samples below 38.5 cm depth have too low of alke-
none concentrations and were thus discarded from 
the record. 

Total carbon measurements from the top 10 cm of 
the core suggest that constant sedimentation has 
been occurring in Kongressvatnet over the last few 

Figure 4: Comparison of Total Carbon % between our recovered 
core and Guilizzoni et al.’s core (top) that was used to generate 
the age vs depth model (bottom).
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hundred years when compared to the data of Guil-
izzoni et al. (2006). The close correlation with the 
data of Guilizzoni et al (2006) shows that both cores 
accurately represent the same depositional rates in 
Kongressvatnet with no apparent hiatuses. This is 
also confirmed with visualization of the stratigraphy 
between photographs of Guilizzoni et al. (2006) and 
our core.	

With a confident age model derived from Guiliz-
zoni’s published work, the Longyearbyen June/July 
temperature average vs alkenone UK

37 index for the 
time period of meteorological data available (since 
1912) reveals a strong linear relationship r2 = 0.75 
n = 17 p < 0.001 (Fig. 5).  Not only does the strong 
relationship reflect confidence in alkenones track-
ing June/July average temperature but also helps 
confirm that the age model is accurate for the most 
recent century. Had the age model been inaccurate, 
the inferred UK

37 values likely would not have shown 
such a strong relationship both visually and statisti-
cally. 

Applying the temperature relationship back in time, 
alkenone paleothermometry reveals a cold period 
since at least 800 AD on through 1800 AD (i.e. the 
end of the Little Ice Age, Fig. 7).  Very little variabil-
ity is seen during the first half of the record, which 
changes dramatically as the end of the LIA ap-
proached (approximately 1600 AD). Continuing out 
of the LIA, the proxy highlights the warming that 
is seen in the instrumental record during the 20th 
century. 

DISCUSSION

Based on the above calibrations, alkenones are 
present in Kongressvatnet since at least 800 AD, 
indicating that conditions have been favorable for 
haptophyte growth and preservation. This adds to 
the growing list of lakes that contain alkenone-pro-
ducing haptophytes. A similar calibration of UK

37 
versus temperature to Zink et al’s published data 
(2001) confirms the speculation that alkenones are 
produced by a genetically similar species of hapto-

Figure 5: Linear regression of the alkenone unsaturation index to June/July temperature (top) based on data from meteorological 
data (bottom).
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phyte found in other lakes despite unavailable DNA 
replication. The results also suggest that haptophytes 
bloom shortly after ice melt that occurs in mid-June, 
explaining why alkenones track June and July tem-
perature better than the whole summer, a signifier 
of alkenone production during the early and short 
bloom period

The record from Kongressvatnet suggests that 
temperatures in the last century are the highest on 
Svalbard than at any other time in the last 1,200 
years. This is consistent with ice core data on Sval-
bard (Isaksson et al., 2005 and others), and many 
other records throughout the arctic.  The alkenones 
capture the meteorological variability during the 20th 
century accurately, with a rise in temperatures from 
the 1910s until the 1940s and again in the last three 
decades.  

The inferred temperature reconstruction from my 
core in Kongressvatnet shows that from 800 to 1500 
AD, summer temperatures were, on average, consis-
tently more than 3 °C colder than present and much 
less variable than today.  No evidence of Medieval 
Warming (MWP) was recognized during the 10th 
to 12th centuries and that in fact temperatures on 
Svalbard may have been colder during the MWP 
than during the LIA!  The time of the LIA from 1500 
through 1750 remained 1-2 °C colder than the 20th 
century, consistent with continued glacier growth 

across Svalbard (Werner, 1993).  However, just as 
Svalbard should have been in the heart of the LIA, a 
warm anomaly occurs with a spike in temperatures 
just before 1800 AD.  Despite this warm period, no 
evidence in the literature suggests Svalbard glaciers 
receded during this time, although any evidence for 
this may have been obliterated by the continued ad-
vancement of the glaciers as the LIA didn’t terminate 
until just before 1900 (Werner, 1993).  Though signif-
icant, this warm period was likely not long enough 
lasting to have been recorded in other records of 
climate reconstruction on Svalbard.  

It is, however, worth noting that proxies have cap-
tured warm anomalies in the Arctic before, similar to 
the one found in Kongressvatnet from the late 1700s, 
that are unable to be resolved with models (Cres-
pin et al., 2009). Based on proxies from Mann et al. 
(2008), Crespin et al. (2009) compared proxy data 
with modeled forcings and were unable to explain a 
spike in temperatures during the 1470-1520 time pe-
riod. Crespin et al. (2009) concludes that internal cli-
mate variability pertaining to some complex positive 
feedback between sea ice and the resulting heat flux 
changes.  North Atlantic Oscillation (NAO) coupled 
with the Arctic Oscillation (AO) can easily result in 
warm water and air advection traveling to the polar 
region of Svalbard. More research into modeling 
would need to be done in order to determine if this 
was a possible mechanism for the anomaly observed 

Figure 6: Graph of alkenone abundance per gram of sediment with an overlay of the total lipid extract (TLE) color just after extrac-
tion for selected depths down core.
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in this study. 

The remainder of the Kongressvatnet temperature 
reconstruction during the LIA is consistent with 
above-mentioned records, revealing a period of tem-
peratures colder than the sharp increase associated 
with 20th century anthropogenic caused warming.  
Nearing the end of the Little Ice Age into the 1800s, 
more variability is exhibited and temperatures aver-
age between 3-4 °C, which is 0.5-1.0 °C warmer 
than the previous 500 years, but still more than 2 °C 
colder than the most recent warming.  Future stud-
ies of alkenones from other sites on Svalbard may 
help confirm some of these data, and resolve any lo-
cal anomalies that may arise due to large topography 
differences across the glacier enveloped landscape.

CONCLUSION

This study highlights that the recent warming is 
the most significant in at least the last 1,200 years 
on Svalbard.  There is no evidence of a Medieval 
Warm Period taking place on Svalbard, and reaf-
firms Kaufman et al. (2009) showing a steady state 
of cooling temperatures for the last millennium.  
Additionally, the work done on Kongressvatnet tests 
and confirms the continued robustness of alkenone 
paleothermometry in lake sediments.  Future work 
may look at the bloom period in Kongressvatnet in 
more detail, and attempt to re-calibrate the index 

with in-situ temperatures as the lake warms up 
throughout the bloom.

It is important to note that the age chronology was 
thoroughly backed up by multiple age calibrations 
from Guilizzoni et al.  Transferring of age models 
was done easily and confidently with the use of 
tie points from total carbon results.  Test results 
are forthcoming in a Plutonium peak that just like 
Cesium can be correlated to the rise of nuclear 
bomb testing in the late 1950s as well as the blast of 
Chernobyl in 1986.  These new data will refine the 
proposed age model. This study accurately depicts 
the common themes of late Holocene Arctic cli-
mate change with the aid of alkenones including the 
unprecedented increase in temperatures during the 
20th century.
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