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Northern Iceland is a place of great interest for climatic studies. The land 
was fairly untouched by human activity until the Landnám period (870-930 
AD), when humans first started to colonize the island. The study site is 
situated in the valley of Hjaltadalur close to the village Hólar, which after 
the settlement of humans became the religious and culture center of 
northern Iceland.  Peat sediment cores were drilled to gain knowledge of 
the climatic fluctuations and environmental development in the area. Peat 
is a perfect archive of climatic and environmental changes due to its ability 
to preserve material like pollen, tephra and insect fossils which can be 
identified and analyzed to gain a better understanding of the past climate. 
Out of four possible drilling sites in the valley of Hjaltadalur, northern 
Iceland, Viðvik peat land was chosen for climatic analyses. Pollen, loss on 
ignition, tephra- and radiocarbon dating analyses were performed on the 
peat material and samples for future macrofossil analyses were collected.  
The analyses provided useful information and insights into temperature 
fluctuations during the late Holocene, which could be correlated with other 
palaeoclimate research made in the past decades in the northern regions of 
Iceland.  
The pollen diagrams presented in this thesis show a transition from a warm 
and dry forest-like landscape to a cooler, more humid, open landscape 
during the last 5000 years.  This visible transition, which contributed to a 
reduction of the birch population, started before the European settlement 
and thus implies that humans were not solely responsible for the birch 
decline in Iceland after the Landnám period (870-930 AD). 
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Abstract 
 

Northern Iceland is a place of great interest for climatic studies. The land was fairly untouched by 

human activity until the Landnám period (870-930 AD), when humans first started to colonize the 

island. The study site is situated in the valley of Hjaltadalur close to the village Hólar, which after the 

settlement of humans became the religious and culture center of northern Iceland.  Peat sediment 

cores were drilled to gain knowledge of the climatic fluctuations and environmental development in 

the area. Peat is a perfect archive of climatic and environmental changes due to its ability to preserve 

material like pollen, tephra and insect fossils which can be identified and analyzed to gain a better 

understanding of the past climate. Out of four possible drilling sites in the valley of Hjaltadalur, 

northern Iceland, Viðvik peat land was chosen for climatic analyses. Pollen, loss on ignition, tephra- 

and radiocarbon dating analyses were performed on the peat material and samples for future 

macrofossil analyses were collected.  The analyses provided useful information and insights into 

temperature fluctuations during the late Holocene, which could be correlated with other 

palaeoclimate research made in the past decades in the northern regions of Iceland.  

The pollen diagrams presented in this thesis show a transition from a warm and dry forest-

like landscape to a cooler, more humid, open landscape during the last 5000 years.  This visible 

transition, which contributed to a reduction of the birch population, started before the European 

settlement and thus implies that humans were not solely responsible for the birch decline in Iceland 

after the Landnám period (870-930 AD). 
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Sammanfattning 
 

Norra Island är en speciell och intressant plats för klimat forskning. Innan människan började bosätta 

sig på Island under Landnám perioden (870-930 e.kr), var Island i princip orörd i fråga om mänsklig 

påverkan. Undersökningsplatsen är lokaliserad i dalgången Hjaltadalur, nära byn Hólar på Norra 

Island. Efter kolonaseringen av Island, blev Hólar en viktig plats och center för religion och kultur. För 

att förstå klimat och miljöutvecklingen i området samlades borrkärnor av torv in för analys. Torvens 

unika preserverings funktion av material som pollen, tefra och insektsfossil gör torven till ett utmärkt 

arkiv för forskning av klimat- och miljöförändringar. Genom att analysera och identifiera torvmaterial 

har vi möjligheten att få en bättre förståelse för tidigare klimat- och miljöförändringar. Utav fyra 

möjliga platser i dalgången Hjaltadalur, valdes torvmarken vid Viðvik för klimat analyser.  Analyser av 

pollen, organiskhalt, tefra och dateringar med 14C-metoden utfördes på torvmaterialet och prover för 

senare analys av makrofossil sparades. Analyserna medförde information om några av Holocens 

senare klimatförändringar som också kunde korreleras med andra klimatanalyser som har skett på 

norra Island under de senaste årtiondena.   

Pollendiagrammet som presenteras i den här masteruppsatsen visar en övergång från ett varmt och 

torrt klimat med en skogsmiljö till ett kallare och våtare öppet landskap under de senaste 5000 åren. 

Denna tydliga övergång till ett kallare klimat, som leder till en reducering av björk populationen på 

ön, startar innan människan koloniserade Island. Det visar i sin tur att människan själva var ansvariga 

för björk fallet på Island efter Landnám perioden (870-930 e.kr), ett påstående som debatterats i 

många år.  

 

Nyckelord: Klimatförändring, Holocene, Pollen, Torv, Hjaltadalur, Mänsklig påverkan, Landnám  
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Introduction 
 
To determine the climate and environmental development during the Holocene epoch in the valley 

of Hjaltadalur, Skagafjörður in Northern Iceland, several sediment cores were taken from four 

different peat bogs in the area. Peat bogs are perfect archives for climate research since the 

vegetation history is preserved in the peat, and the peat constantly accumulates in an approximate 

similar growth rate throughout the years (Robichaud & Bégin, 2009). Examples of the climate history 

in Icelandic peat are the two separate birch layers that represent the warmest and driest periods of 

Holocene, called the early and late birch period in Iceland. The peat growth started after the last 

glaciation on Iceland and peat is still accumulating and will continue to do so as long as the right 

conditions are present, high or fluctuating ground water being one of the conditions needed 

(Geological Survey of Sweden, 2013). Peat growth measurements from the area of Hjaltadalur were 

recently calculated by T. Carter (pers. com. 2010) to be about 0.05 cm/year in modern time (since the 

1766 tephra layer). This fits rather well with the calculations made for Viðvik where the peat growth 

from 4428 14C age BP to today average about 0.06 cm/year. In the past, one or two types of analysis 

have been used to determine the climate and environmental changes in Iceland; this study has 

combined radiocarbon dating together with analysis of pollen, loss on ignition and tephra layers to 

correlate the climate and environmental fluctuations in Hjaltadalur, Northern Iceland during 

Holocene. One other interesting question about the climate change in northern Iceland is connected 

to the Landnám period, dated to AD 870-930, when human settlement colonized Iceland (Smith 

1995). Earlier studies have debated the possibility of the onset of a colder climate just before the 

Landnám period, which might result in the conclusion that the human settlements were not solely 

responsible for the environmental change of the country (Einarsson 1963a, 1963b; Hallsdottír 1987). 

Little research concerning the climate and environmental changes during Holocene have been made 

in northern Iceland, and even less in the valley of Hjaltadalur. The aim of this thesis is to try to 

correlate climatic conditions from Hjaltadalur with existing data representing northern Iceland with 

help of classic sediment analysis and pollen identifications and to present an image of the landscape 

development of the valley. Intensive archeological studies have been, and are still ongoing, in the 

valley of Hjaltadalur with the base in the village Hólar that have been a cultural center for the north 

and an Episcopal see for decades. This geological study will complement the archeological work to 

get a complete view of what the landscape and living conditions could have looked like in the past. 
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Geology of Iceland  

From a geological perspective, Iceland is a very young ocean island, created during the past 25 

million years (Ma), in the Neogene and Quaternary geological periods. Iceland is situated on the Mid-

Atlantic Ridge in the Atlantic Ocean, which is where the American and Eurasian plates are drifting 

apart with a spreading rate of about 1.8-2 cm/year (Dubinin et al, 2013). Mid-oceanic ridges are 

found all over the world’s oceans, but the buildup of landmass that is occurring in Iceland is not a 

common feature of mid-ocean ridges. Due to an active hotspot underneath Iceland, more eruptions 

than what is normal occur at the plate boundary (Thordarson & Hoskuldsson, 2002). This hotspot has 

been building up landmass for the past 65 million years. The oldest exposed rocks in Iceland are 14-

16 Ma years old and about 75 % of the exposed bedrock is igneous and predominately mafic 

(Thordarson & Hoskuldsson, 2002). The remaining 25 % of the exposed rock has a sedimentary origin 

(Thordarson & Hoskuldsson, 2002). Metamorphic rock is not present at all. Rocks in Iceland are 

subjected to constant changes due to the forces of nature. Wind, frost, sea and ice are all effective 

erosion components together removing about a million cubic meters of landmass from the island 

each year. At the same time, buildups by volcanism and sedimentation have a greater impact than 

the erosion (Thordarson & Hoskuldsson, 2002).  

In Iceland, the stratigraphic succession records almost 16 Ma years of geological history, 

which is grouped in three different stratigraphical formations: The Neogene Basalt (16- 3.3 Ma 

years), the Plio-Pleistocene (3.3- 0.7 Ma years) and the Upper Pleistocene Formation (<0.7 Ma years) 

(Thordarson & Hoskuldsson, 2002). The Neogene Basalt Formation is the oldest and most relevant to 

this study, because it includes the Hjaltadalur study area in Skagafjörður. The old Tertiary landscape 

is composed of numerous lava floors on top of each other. These massive layers can be seen at the 

flanks of valleys that have been eroded and reworked by numerous glaciations.  In the end of the 

Tertiary, the climate became cooler and just before the start of Plio-Pleistocene (3.3 Ma years ago) 

glaciers began to grow and rivers began to widen from increased precipitation. About 2.2 Ma years 

ago, Iceland was covered by a glacier for the first time (Thordarson & Hoskuldsson, 2002). During the 

time of the Plio-Pleistocene Formation, a total of nine glaciers and interglacial cycles have been 

identified, each one lasting around 180 000 years (Thordarson & Hoskuldsson, 2002). The glaciation 

continued through the Upper Pleistocene Formation and five new glacial cycles have been recorded 

for the last 0,7 Ma years, indicating a shorter duration of the stages to 120 000-140 000 years 

(Thordarson & Hoskuldsson, 2002). The latest glaciation, Weichselian, is believed to be the most 

extensive of the five latest glaciations and covered most of Iceland during almost 110 000 years 

(Thordarson & Hoskuldsson, 2002). As the climate became warmer about 18 000 years ago, the thick 

ice sheet over Iceland started to melt and the isostatic uplift slowly began to lift Iceland from 
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beneath the sea surface, where the ice load had placed Iceland for a long time. The warmer period of 

the Upper Pleistocene Formation had two major setbacks: the Older and Younger Dryas. These two 

periods of cool climate occurred 12 000 and 11 000 years ago, and once again glaciers covered most 

of the landmass on Iceland, again pushing the land into the ocean (Thordarson & Hoskuldsson, 2002).  

In Iceland, the Holocene epoch started around 9700 years ago when a warmer climate, 

similar to the climate we experience today, began to melt the ice sheet that had developed during 

the Younger Dryas (Thordarson & Hoskuldsson, 2002). The termination of Younger Dryas was a 

sudden and abrupt climate change, with an increase in surface temperatures around 7 °C in only 50 

years (Fairbanks, 1990). The sudden temperature increase led to a quick retreat of the ice sheet and 

also to instant isostatic uplift of the land. From the time when the ice sheet started to melt, until the 

isostatic uplift was almost complete, not more time than 1200 years had passed; this has been 

proven by the lava that flowed across ice-free land from the volcanic eruption of Great Þjórsa, about 

8500 years ago (Thordarson & Hoskuldsson, 2002). The “8.2k event”, which is described as another 

sudden drop in temperature (almost 3.3 °C) in Greenland and first seen in the Greenland ice core 

GISP2 (National Climatic Data Center, 2013), is not really seen in the Icelandic records. Temperature 

reconstructions in northern Iceland during Holocene made by Caseldine et al (2006) suggest a 0.5 °C 

dip in temperature close to the “8.2k event”, a temperature decrease that also lay within the error 

terms. The Holocene has been considered to be a relatively stable period with only few and small 

climate fluctuations compared to earlier climate events like the Younger Dryas (Meese et al, 1994). 

However, the GISP2 ice core from Greenland shows another result. In fact, the records show multiple 

short-term temperature fluctuations all through Holocene (Meese et al., 1994). These temperature 

fluctuations have made it possible for the glaciers in Iceland to advance in cool periods and retreat in 

warmer periods forming the dynamic landscape we know and associate Iceland with today. 

Comparing with temperature data from other places in the northern hemisphere, such as Canada or 

the Arctic regions, Iceland responded differently to temperature fluctuations (Caseldine et al, 2006). 

Warmer temperature peaks seems to appear later in Iceland and are also less pronounced in the 

records than for other regions and countries (Caseldine et al, 2006). In the period of middle 

Holocene, approximately 7000-5000 BP glaciers in northern Iceland started to advance. This cool 

period is locally called Vatnsdalur I (Gudmundsson, 1997). The temperature studies made by 

Caseldine et al (2006) suggest a later date for the cooler climate and present a climate deteriorate 

after 6000 BP instead off 7000 BP as Gubmundsson (1997) suggested.  After Vatnsdalur I, two smaller 

glacial periods followed in mid Holocene, Baegisárdalur I around 4200 BP and Vatnsdalur II at 3200-

3000 BP. These three glaciers are broadly correlated with temperature decline from the GISP2 ice 

core data (Figure 1), published by Meese et al. (1994) (Gudmundsson, 1997). Gudmundsson (1997) 

described three smaller glacial periods within the late Holocene. These include: Barkárdalur I, starting 



 

4 
 

around 2000 BP, Barkárdalur II about 1500 BP and lastly Baegisárdalur II around 1000 BP. The last 

three cold periods of Iceland that lead to an advance of the northern glaciers have all been 

correlated to ice cores from Greenland. Barkárdalur II and Baegisárdalur II correlate with the cold 

period seen in the Créte ice core from central Greenland (Gudmundsson, 1997; Sveinbjörnsdóttir, 

1993) and Barkárdalur I correlate with a cool period seen in the GISP2 ice core data from Meese et 

al., 1994.  

The glacial advance in the past millennia in Iceland is known around the world as the Little 

Ice Age (LIA). LIA lasted until the 1940s in Iceland and was a consequence of a long cool period that, 

according to Meese et al. (1994) and Sveinbjörnsdóttir (1993), started just before 1000 A.D. and 

correlates well with Beagisárdalur II (Gudmundsson, 1997). The LIA period in Iceland has been a 

subject for discussion. In 1994, Grove J.M. and Switzur R. presented results that showed two periods 

of glacier events during historical time, one between 900-1250 A.D. and one more similar to LIA in 

time (Gudmundsson, 1997). Recent research by Larsen, D.J. et al. (2012) presents another view. 

Larsen, D.J. et al. (2012) argued that late Holocene was characterized by two cooler periods with 

increasing glacial activity in the beginning of 6th (550 A.D.) and 13th (1250 A.D.) centuries. This 

corresponded with the Dark Age Cold Period and LIA, which incorporated cool periods are divided by 

a warmer and more stable interval. These results are established with glacial records from central 

Iceland and contradict the conclusions made by Grove and Switzur (1994). Linking these studies to 

the Landnám period, it is more likely that the climate was warmer during 900-1150 A.D. when most 

humans settled on Iceland. This indicates that the recent study by Larsen D.J. (2012) can be the most 

accurate description of Iceland’s climate history. These newly discovered short periods of climate 

fluctuations in the late Holocene provide additional evidence of existing short-term temperature 

variations in this era. Considering the GISP2 ice core data and records from vegetation analysis 

(Hallsdottír, 1987; 1995 and Einarsson, 1968) it is clear that the Holocene period is not as stable as 

previously thought.  

Three main groups of soil are found in Iceland: histosoils, andosoils and regolithic soil that all 

are mixed with volcanic ash and glacial deposits (Ólafsdóttir, 2001). The soil cover in Iceland is highly 

unstable due to intense aeolian activity that frequently disturbs the volcanic ash deposits and glacial 

deposits (Arnalds, 2000). The strong aeolian activity in Iceland leads to a general organic poor 

content in the histosoils, which normally is very rich in organic material (Ólafsdóttir, 2001). Rich 

organic histosoils, like peat, can still be found in Iceland, preferably at shielded places and wetlands 

where the glacial and aeolian activities are less prominent. The regolithic soil originates from the 

glacio-fluvial processes and is commonly found around riverbanks, floodplains and at the glacial 

margins. The material is coarse, infertile and lacks organic material (Arnalds, 2000; Ólafsdóttir, 2001). 

The Andosoils in Iceland mainly consist of volcanic ash (tephra) and aeolian material that originates 
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from the finer sediment loads, like sand and silt, which the glacial rivers produce every year (Arnalds, 

2000).  Of the three main soil types in Iceland, andosoils are subjected to erosion due to its finer 

grain sizes (Ólafsdóttir, 2001).  Soil degradation is apparent, mostly due to the apparent soil types 

and climate in Iceland and the degradation is characterized by complete removal of vegetation and 

soil cover (Ólafsdóttir & Gudmundsson, 2002). The degradation process often creates small isolated 

erosion spots that destroy the vegetation cover, making it an easy target for further erosion 

processes. The degradation process in Iceland is not only a factor of the climate; it is also governed 

by topography, elevation and possibly by human activity (Ólafsdóttir & Gudmundsson, 2002).  

 The organic rich histosoil peat composes a large part of the Icelandic vegetation cover and 

peat bogs cover about 10% of Iceland (International Peat Society, 2013). Peat lands originate in 

environments where the water tables are at, or near the ground surface. Plant remains experience 

retarded decay under anaerobic conditions and is instead accumulated year after year. With time the 

anaerobic bacteria transform the organic plant remains to peat and remove oxygen in the process, 

increasing the carbon content (Einarsson, 1994). The high preservation of plant remains in peat 

provides a reliable archive for climate and landscape change research. Pollen and macrofossils 

including insects and plant remains are well preserved in the peat lands, and together they can 

explain historical climate conditions. Blanket bogs are the most common in Iceland and occur in cold 

temperate climate conditions where precipitation is relatively high and evaporation low, and where 

the water table coincides with the ground surface (Einarsson, 1994). Icelandic peat lands generally 

comprise the remains of mosses and sedges along with two visible birch layers that formed during 

the two warmest periods of the Holocene: the early and late birch period in Iceland (Einarsson, 

1994). The ash content in Icelandic peat differs before and after the settlement of humans and the 

Landnám period. Before the settlement the ash content in peat laid between 10-30 % and afterwards 

the ash content rose to 50-70 % mostly due to clearing of the forest to enable land for the 

settlement. Today the ash content is reported to be 10-35%, by the International Peat Society (2013). 

These numbers can be compared to other countries; Swedish peat lands have an average ash content 

of 4,3 % and other neighboring countries to Iceland have an average ash content in peat lands 

around 1-2 % (Einarsson, 1994; Swedish Peat, 2013). 
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Figure 1. Accumulation and oxygen isotope curve from GISP2 ice core. The main expansion of the glaciers Vatnsdalur I 
(7000-5000 BP), Baegisárdalur I (4200 BP) and Vatnsdalur II (3200-3000 BP) are visible in the oxygen data. Figure from 
Meese et al., 1994. 

 

Site Description 

Hjaltadalur is situated in the central part of Tröllaskagi peninsula on northern Iceland and combined 

to the fjords of Skagafjörður in the west and Eyjafjörður in to the east (Figure 2) (Kellerer-Pirklbauer, 

A. et al., 2007). The 4800 km2 peninsula is strongly affected by earlier glaciations. The alpine 

landscape is characteristic with mountains exceeding 1 500 meters above sea level (m.a.s.l) and the 

U-shaped valley (Figure 3) (Kellerer-Pirklbauer, A. et al., 2007). 
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Figure 2. Geographical position of Skagafjörður (red area) and Hólar (red dot) placed within the valley of Hjaltadalur in 
northern Iceland. Image from Hellqvist and N. Johansson, 2010. 

The climate of northern Iceland is a mixture between temperate- and arctic zone and provides the 

area with a cool temperature, high precipitation and constant changes in weather. Icelandic climate 

is governed by the position of the atmospheric polar front and its cyclonic activity, and past climate 

changes can sometimes be traced to changes in the North Atlantic air masses (Rundgren, 1998). The 

summer months (June, July, August) are cool with a mean annual temperature of +8.8 °C and the 

winter months (December, January, February) are mild with a mean annual temperature of -1.9 °C 

(Einarsson, 1994; Kellerer-Pirklbauer et al., 2007). Weather data collected from Hólar University 

shows a mean air temperature of +2.7 °C during 1961-1990 and a yearly precipitation of 485 mm for 

the same period of time (data from Iceland Meteorological Office, appendix 1). The weather 

information from Hólar University is believed to be valid for the sample site Viðvik since Hólar 

University is situated only 8 km from the sample site.  

 

 

Figure 3. View of the inner most part of the U-shaped valley of Hjaltadalur, Skagafjörður. Photo by Jenny N. Johansson. 
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The isolation of Iceland contributes to a low diversity of insects and pollen species.  Iceland has about 

450 different pollen-producing species. This makes the identification easier but contributes to a poor 

biological diversity. Four peat sites were chosen as drilling sites in Hjaltadalur valley. These four sites 

are situated from the inner part of the valley and extend outwards toward the sea. Due to lack of 

lakes in the area, peat lands composed the best archive for climate and environmental change 

studies in the Hjaltadalur. The four peat lands are named Röykir, Hólar, Viðvik and Ástunga where 

Röykir is the innermost drilling site of Hjaltadalur, Hólar and Viðvik are situated in the middle of the 

valley and Ástunga is closest to the coast (Figure 4). The core from Viðvik will be analyzed and 

discussed further in the scope of this thesis, and it is believed to be the most representative core for 

climate and environmental changes in the area due to factors like size and past human activity. 

Icelandic settlers used peat for different purpose through the years, most commonly as fuel and 

building material, were the peat was cut out of the peat lands. Viðvik site is the biggest peat land of 

the different drilling sites. A big peat land could be an advantage, in terms of local climate of the 

valley, since a larger collection of pollen and macrofossil species can be represented. In a smaller 

peat land, that is not always the scenario. In respect to human activity, the site of Viðvik is believed 

to be almost undisturbed, even though no one can really know that for a fact. According to the 

surrounding human activity and the peat lands location, a conclusion could be made that the site 

held an accepted “untouched” level in aspect to human activity.  
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Figure 4. Map over the four drilling sites in the valley of Hjaltadalur, Skagafjörður, northern Iceland. Map from Google 
Earth 

 

Viðvik is located closer to the sea, relative to Hólar, but is still situated inside the valley of Hjaltadalur, 

before the landscape gets a more open coastal resemblance. Viðvik peat land is the biggest of the 

four and consists of several smaller peat lands connected to each other by thin peat strings in an N-S 

direction and are surrounded by small hills. The studied area showed no sign of human activity in the 

past and is still today far away from bigger influences of human activity. Viðvik peat land has a gentle 

sloping surface and water flow towards the north. These factors make the northernmost peat land, 

which also is the largest one, a better drilling site than the other smaller and southern peat lands. 

Pollen and microfossils will be transported to this low altitude site and make the stratigraphic units 

stronger, clearer and easier to identify. The vegetation at Viðvik is dominated by grass and turf with 

Cardamine nymanii, Alopecurus geniculatus, Carex capillaris, Carex limosa and Carex SPP. 
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Background 

Regional vegetation history 

The climatic conditions on Iceland have obviously changed through time. Examples of this can be 

seen in the flora that is found in the sedimentary rocks. The oldest flora found, originates from the 

Miocene (23.3-5.3 Ma), and indicates a warm temperate climate. Younger flora from the Pliocene 

(5.3-2.6 Ma) indicates a temperate climate and also marks the transgression to the cooler 

Quaternary Ice Age. After the termination of the Younger Dryas (~11.6 Ka), the climate became 

warmer and more similar to the climate that we know today. The end of the Younger Dryas also 

marks the start of the Holocene. During the Holocene, the climate has shifted a few times. Several of 

these changes can be traced to changes in atmospheric or oceanic circulation (Rundgren, 1998). One 

example of this can be seen in the temporarily wetter and unstable winters that appeared after 8000 

BP in northern Iceland (Hallsdottír 1990). Hallsdottír (1990) claimed that these climatic conditions 

were associated with an increase of warm Atlantic waters at the northern coast of Iceland. These 

changes in oceanic circulation have been supported by palaeoceanographics reconstructions 

(Rundgren, 1998). This sudden climate change may correspond to the “8.2k event” that is seen as a 

temperature drop in the Greenland GISP ice core, but this has not yet been investigated.  The first 

plants that appeared after the Weichselian glaciation on Iceland were grasses, sedges and willow 

followed by birch, which spread quickly and became the dominant species and covered 25% of 

Iceland in the ninth century. After the arrival of humans on Iceland, the vegetation changed 

dramatically; the woodland reduced and new species were introduced. Today the woodland and 

scrub cover only 1% of the landmass, a change that is believed to originate from both human activity 

and cooler climate conditions (Thordarson & Hoskuldsson, 2002 & Hallsdottir, 1987). 

Vegetation history 

Hallsdottír (1995, 1986) recently surveyed the vegetational history of Iceland, and also summarized 

the climatic and environmental changes. Einarsson (1968) divided the Holocene into five different 

periods based on studies from southern Iceland on four pollen types: Betula, Salix, Gramineae and 

Cyperaceae, and one group that contained cultivation pollen types. The periods were supposed to 

reflect the vegetation history and started off with “the birch-free period” between 10 000- 9000 BP. 

The next period was “the lower birch period” between 9000-7000 BP, which was dominated by a dry 

and warm climate that lead to an expansion of the birch woodland. Between 7000-5000 BP, a more 

humid coastal climate began to dominate and the mires extended all over the island. This period is 

called “the lower mire period”. During the following period in 5000-2500 BP, the climatic conditions 

once again get drier and warmer. According to Einarsson (1968), the annual mean temperatures was 
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2-3 °C higher than today. This warm climate allowed birch to vegetate the peat lands and the period 

is therefore called “the upper birch period”. The last period divided by Einarsson (1968) is named 

“the upper mire period” and ranges between 2500-0 BP: This period is known to be cool and humid 

with an increase in mires. It’s also in this period that human settlements began on Iceland. Even 

though more recent studies might move these periods outlined by Einarsson (1968) back or forward 

in time, the periods still respond fairly well to the climate development in the northern part of 

Iceland. Hallsdottír (1995) has presented a more general overview of the climatic condition based on 

pollen analysis from the middle of Holocene (~6000 BP). She reported a retrogressive succession to 

an open landscape environment with heaths and peat lands. Evidence for this is seen in the Betula 

pollen decrease together with a slight increase in Salix pollen (Hallsdottír 1995). Hallsdottír also 

discuss the late Holocene birch expansion, with an expansion of the woodland before the settlement 

of humans. The expansion is visible in pollen diagrams as the last peak in the Betula pollen curve, and 

in peat core stratigraphy as wood remains above the tephra layer from Hekla 3 (2880 ±35 14C age BP) 

when the mires were dry enough for birch invasion (Hallsdottír, 1995, Gudmundsdóttir et al., 2011).  

Before human settlement, 25-40 % of Iceland was covered by birch forest, compared with today’s 

extension of little more than 1% (Ólafsdóottir et al. 2001, Eysteinsson 2009).    

Local cultural history 

The historic village of Hólar is located 8 km southeast from the sample site Viðvik. Hólar is not 

mentioned in the famous Icelandic sagas, but the neighboring farm Hof is (University of Hólar, 2013). 

The farm was settled by Hjalti Þórðarson, which gave Hjaltadalur its name and made the site known 

all around Iceland (Carter & Traustadóttir, 2008). During the 11th century, a family member from the 

farm of Hof, Oxi Hjaltason, built a church at Hólar (University of Hólar, 2013). Around 1100 AD Hólar 

became the second Episcopal see of Iceland with responsibility over the northern parts of the 

country and the owner of Hólar, Illugi Bjarnason gave the rights for Hólar to the church (University of 

Hólar, 2013). During the time as an Episcopal see, Hólar grew in size and population. With time, the 

small village developed to a wealthy community and became the center of northern Iceland 

(University of Hólar, 2013). Two pieces of evidence for this are: (1) installation of the first printing 

press in Iceland in Hólar around 1530 AD; and (2) records of Hólar being the last stronghold of the 

Catholic Church during the reformation (University of Hólar, 2013). The present cathedral in Hólar, 

which was built in 1763, is also the oldest stone church in Iceland (University of Hólar, 2013). During 

the years as an Episcopal see a total of 36 bishops lived and worked in Hólar, 23 of them Catholic and 

13 of them Lutheran. In time Hólar lost the episcopal see and became a vicarage, at least until 1861 

when the vicarage was moved to the nearby Viðvik. However, by 1952, Hólar once again became the 

vicarage for the area and by 1986 Hólar reclaimed the episcopal see and was again the home of the 
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bishop for the Hólar benefice (University of Hólar, 2013).  Hólar was not only a major cultural 

centrum of northern Iceland, but it was also a place for education. The first cathedral school was 

founded in 1106 AD by the first bishop in Hólar, Jón Ögmundsson (University of Hólar, 2013). Since 

1106 AD a school has always been located in Hólar, and 2003 it became known as Hólar University 

Collage.  

It’s known that Hólar and its surroundings have been important and influential during a longer period 

of time. Northwest of the society at Kolkuós a trading harbor existed that brought exclusive and 

expensive goods to the area (University of Hólar, 2013) and many of these items have been found 

during archeological excavations at Hólar (University of Hólar, 2013). All the local activities that took 

place during the glory days of Hólar area are now visible in the landscape as remnants and imprints. 

These make it interesting but also harder to receive information about the regional climate due to 

local hotspots. Instead information about local condition and climate within the valley of Hjaltadalur 

are obtained from the analysis. Considering the material used for climate analyses, peat, it’s also 

important to know that most peat surfaces are affected by human activity. Peat was the main fuel 

and building material during a significant time of history, and it is still used to some extent. If a core 

would be drilled in a peat land that has been impacted by human activity, several centimeters of 

valuable stratific information would be lost due to earlier peat extraction. That would mean a gap in 

the stratigraphical history and loss of climate information.   

Methods 

Field sampling 

The fieldwork at Viðvik was completed in June 2011. To be able to get the longest sediment core 

possible, a 176 meter transect was drawn though Viðvik peat bog in an E-W direction and depth 

measurements were performed along this transect (Figure 5). A vegetation description was made 

along the made transect and the result can be seen in table 1. The drilling was performed just next to 

the deepest point measured at 80 meters of the 176 meter-long transect, to avoid material loss from 

running water. At 80 meters, the tussock formation was less and the vegetation was mainly 

supported by Sphagnum together with high grown Carex types and a visible water surface. Drilling 

was undertaken with a Russian sampler (Jowsey, 1966) that gave the core sample a semi-circular 

diameter of 10 cm and length of 100 cm.  The Russian sampler was pressed down into the peat and 

turned 180° to collect and fold a 100 cm long sediment core. This procedure was repeated until 

sandy sediment or bedrock was reached. Viðvik sediment core measured 325 cm and below 296 cm 

only silt material was collected. The stratigraphic unit and colors were described immediately in the 

field to avoid loss of information due to oxygen exposure or disturbance during transportation. Later 
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in the laboratory, a more throughout description were made of the sediment core (table 3). 

Description of the core was important for the later pollen and 14C analysis. A good description helps 

to determine where in the core the sub-samples should be collected.   

 

Figure 5. Transect over depth measurements from Viðvik peat bog. The drilling site at 80 m is marked by the bigger circle. 

Laboratory analysis 

Loss on ignition 

17 samples were collected throughout the 325 cm long sediment core from Viðvik. The samples were 

collected in different material composition, for example higher or lower degrees of humification. 

These 17 samples are believed to be representative for the different stages of development in the 

peat land history and the surrounding climate changes. Loss on ignition tests followed Santisteban et 

al (2004), where the fresh samples are air-dried before proceeding with the furnace drying and 

burning. Santisteban (2004) used the loss on ignition method from the standard procedure 

developed by Bengtsson and Enell (1986) together with modifications made by Heiri et al (2001).  

The recommended weights of dried sample before the burning takes place were between 1-4 g 

(Bengtsson and Enell, 1986). The fresh samples from Viðvik held a high content of water and 

estimations were made that the fresh samples should weigh between 6-10 g before they were air-

dried.  The fresh samples were air-dried for 3 days and then weighted to calculate the exact sample 

weight and the weight loss due to water-loss in the sample (figure 6). 

 Before the air-dried samples could be placed in porcelain crucibles, the porcelain crucibles 

were burned in a muffle furnace at 550°C for one hour, cooled in a desiccator and weighed empty. 
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This step is important to avoid moisture in the crucibles and also to get a “clean” crucible without 

traces from former analyses. The air-dried samples were then totally dried in the crucibles at 105°C 

for 23 hours before they were weighed again. The last step of the analysis for these peaty samples 

was to burn them in a muffle furnace at a 550°C for two hours; this burning destroys the organic part 

of the samples. If the sample is high in organic content, like these peat samples are, it is preferable to 

let the samples warm up together with the muffle furnace. By doing this, violent burning of the 

organic material can be prevented (Bengtsson and Enell, 1986). After the final burning at 550°C, the 

samples were weighed again and the organic content of the samples was calculated using the 

following equations (equation 1 and 2) taken from Santisteban (2004). 

 

1 

           (        )    

 

2               (           )    

 

Equation 1 and 2 give the loss on ignition in % (LOI105 and LOI550) for the different temperatures in 

degrees Celsius, the results for these equations are shown in figure 7 and the calculations can be 

found in appendix 2, 3 and 4. WS is the weight (g) of the air-dried sample, DW105 is the dry weight (g) 

of the sample heated at 105°C and DW550 is the weight (g) of the sample after burning at 550°C. 

Pollen preparation  

From the sediment core from Viðvik, pollen samples were collected every second centimeter. The 

volume for each pollen sample was approximate 1, 5 cm3.  A total of 160 pollen samples were 

collected. Out of these, 31 samples were prepared for pollen analyses and ten of these samples were 

identified within the scope of this project to give a rough understanding of the local vegetation 

changes. The samples were selected with a 30 cm interval and covered all the different layers of 

humification that could be seen in the core in field. The selected samples start at the level of 34 cm 

depth and continue down to 274 cm depth with an extra sample at the level of 44 cm. The sample at 

44 cm was added to give a closer analysis in the upper part of the core where the Landnám period is 

believed to show.  

 The pollen preparation was made in the pollen laboratory of Stockholm University and 

followed the standard protocol from Berglund and Ralska-Jasiewiczowa (1986) except for some small 

modifications concerning the duration time of acid treatment which were prolonged from 5 to 15 

min. Lycopodium spore tablets were added. One tablet contained 18 583 Lycopodium spores, for 

later calculations of the pollen concentrations.  
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Pollen sample at the levels 164 cm, 254 cm, 114 cm, 194 cm and 234 cm contained 

minerogenic particles and were treated with hot 5% Sodium Pyrophosphate (Na4P2O7) for 15 minutes 

and placed in hydrofluoric acid (HF) for 4 days before HCl and H2O were added to the samples.  

Remaining sediment samples were consequentially treated with HCL and NaOH to dissolve organic 

content and humus acids and rinsed with H2O in between. Acetic acid (CH3COOH) was added to 

change the pH of the sample and to break up cellulosic bonding of the samples. A mix of acetic 

anhydride (C4H6O3) and 95 % sulphuric acid (H2SO4) was added to the sample and put into the 99 °C 

hot water 15 minutes. After adding acids or H2O, the samples were centrifuged for 6 min at 4000 

rpm. Finally, pollen samples were mixed with glycerin, with the glycerin being in a 1:1 proportion to 

with water.   

Pollen identification 

Several microscope slides from the same level had to be scanned do to the low degree of pollen in 

the sample to receive a good statistical outcome. A minimum of 300 pollen grains was counted at 

each level in order to get a good representative number of the different plant taxa (Zutter, 1997). 

Except for pollen, added Lycopodium spores also were calculated to receive the pollen concentration 

for each taxon at each level (figure 9). Every millimeter of the microscope slide were scanned for 

pollen by the method WE and NS, beginning in the upper left corner and continue sideways in 

the sample. When the eastern border of the slide is reached, the counting starts over from the 

western border, but one millimeter south. This procedure is repeated until the bottom right corner 

of the sample is reached. For the procedure of counting and identifying the pollen grains, a Leica 

microscope of the type DM500 was used. The published keys for pollen identification of Fægri and 

Iversen from 1964 and 1989 were used for identification, together with help from pollen expertise at 

the Department of Earth Science, Uppsala University. After the counting and identification of the 

pollen grains, calculations were made to get statistical values from the pollen in the core (appendix 

5). The results from the identification and calculations were plotted as a pollen- and concentration 

diagrams in the program Psimpoll © created by Keith Bennett and are presented in figure 8 and 9.  

Radiocarbon dating 

Three bulk samples for radiocarbon dating were collected from the 325 cm long core from Viðvik. 

The three samples were taken at the depth 105-107 cm, 239-241 cm and 287-289 cm between 

distinct tephra layers that later can be dated if necessary.  The expectations for the samples were 

that they would date in the later Holocene era and be helpful in discussing environment and climate 

change. The radiocarbon dating was performed by the Tandem laboratory, Uppsala University, 

Sweden and is presented with the OxCal program (Reimer et al. 2009) with a half-life of 5570 years in 

table 2. Radiocarbon dating calculation explanations is presented in appendix 6.  
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Tephra  

Several tephra layers were found in the core from Viðvik. Some were easy to detect in the field due 

to their different compositions and color from the peat. Other layers can only be suspected in the 

field and need to be analyzed further in the laboratory. Two dominant layers of tephra were found in 

the core at the depths 156-164 cm and 254-257 cm. Northern Iceland has been affected by many 

volcanic eruptions during the Holocene. The thickest tephra layers found in the stratigraphy often 

originate from the volcanoes Hekla or Katla (Haflidason et al, 2000). The distribution of tephra is very 

much dependent on the wind and its direction, which transport ash over the island. The thickest 

layers of ash and tephra can therefore be found in the northeast of Iceland due to wind distribution 

patterns from the active volcanic area on Iceland (Haflidason, 2000). This does not mean that tephra 

from every eruption during the Holocene can be found in the stratigraphy, meteorological conditions 

and erosional processes are very likely to redistribute the tephra layers (Boygle, 1999). Weather-

related conditions can change direction on the eruption cloud and precipitation can produce a 

sporadic and discontinuous tephra pattern in the landscape (Boygle, 1999). The erosion processes 

that occur on the tephra layer can be active for several years, mostly by aeolian and fluvial processes, 

and deform the tephra layer over a larger area.  

Every volcano has its own chemical composition, which allows correlation of the tephra 

layers with particular volcanoes. It is also possible to distinguish between different eruptions from 

the same volcano through geochemical analysis, preferably by electron probe microanalysis (Boygle, 

1999). The two distinct tephra layers in the sediment core were not subjected to any geochemical 

analyze. However, with help of the radiocarbon dating preformed, which provided a time interval of 

the volcanic eruption, together with recent studies made by Gudmundsdóttir et al., (2011) they could 

be evaluated. After personal comments and discussions concerning the tephra layers distributions in 

the core with T. Carter (2011), R. Traustadottir (2011) and S. Wastegård (2012), whose conducted 

research in Iceland regarding tephra and sediments, the tephra origin investigation is believed to be a 

good qualified guess.    

Macrofossils 

 
Samples for macrofossil identification were collected from the Viðvik core. The core was divided into 

two centimeter subsamples throughout. Wet sieving was performed on the samples. After this 

process, any macrofossils found in the samples were picked under a light-microscope and stored in a 

solution of water and alcohol for further identification.  
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Results 

Field work 

Table 1. Vegetation description of transect made at Viðvik drilling site. 

Transect length Vegetation description 

Between 0-20 meters Vegetation is dominated by turfs of grass and 
moss. The ground is dry and the identified 
plants are Betula nana, Carex SPP, Salix repens 
and Cruciferae.  
 

Between 20-60 meters The ground is moist and the vegetation is 
dominated by turfs of grass and moss and the 
identified plants are Betula nana, Carex SPP, 
Salix repens, Gymnadenia nigra and 
Cruciferae. 
 

Between 60-70 meters Reduced tussock formation and Sphagnum 
dominates the vegetation and the ground is 
damp. 

Between 70-100 meters A water surface is visible and different kinds of 
high grown Carex dominates the vegetation 
together with Sphagnum, Caltha palustris, 
Equisetum and Carex SPP 

Between 100-130 meters The ground is damp and the vegetation is 
dominated by Sphagnum, Carex SPP and turfs 
of grass. 

Between 130-176 meters Dry ground covered by grass and reddish 
undefined vegetation 
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Laboratory results  

14C dating 
Table 2. Radiocarbon ages from Viðvik sediment core calibrated with the OxCal-program (Reimer et al., 2009). 

Laboratory 

sample number 

Depth from 

surface (cm) 

14C age BP δ13C ‰ VPDB Material 

Ua-43222 105-107 2006   30 -26,7 Peat bulk sample 

Ua-43223 239-241 3686   33 -28,1 Peat bulk sample 

Ua-43224 287-289 4428   37 -28,9 Peat bulk sample 

 

Tephra 

After the radiocarbon dating was made, qualified guesses could be made concerning the two distinct 

tephra layers in the core at the depths 156-164 cm and 254-257 cm. These tephra layers are located 

between the radiocarbon dating made in the core, which further narrows down the possible origin of 

the layers. Hekla 3 and Hekla 4 are the two larger eruptions that correlate both in time and thickness 

of the layers. These eruptions have produced two of the most common tephra layers found in 

Northern Iceland. The eruption of Hekla 3 is dated to 2880   35 14C age BP, and Hekla 4 is dated to 

3825   15 14C age BP and inserts well in Viðvik sediment core (Gudmundsdóttir et al., 2011). In figure 

8 and 9, the results from the radiocarbon dating and the presumed tephra layers are presented side 

by side. Together they complement the dating of the core. The included tephra layers also make it 

possible to see small changes in peat growth and could be helpful in the discussion about pollen 

decline and increase. If the core can be dated at several levels, more layers can be studied in more 

detail. The stratigraphic sections can be compared to other cores if same tephra layers are found in 

cores from different places. Dating is also another control factor for hiatus, and if old material is 

found close to the surface in the core and young material deeper down, it can be concluded that the 

material have been mixed. Mixed material would not be ideal for climatic and environmental studies. 

Dating of tephra layers can also help to distinguish local and regional variations after volcanic 

eruptions.  
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Loss on ignition 

 

Figure 6. Water loss after 3 days of air-drying of the fresh samples from Viðvik. 

The water content was calculated in the core to be able to collect the right amount of material for 

the loss on ignition samples. The water content of the peaty samples varied between approximately 

42-59 % (Figure 6). This knowledge is desirable for other researcher dealing with peat samples from 

the same area in Iceland or from the same conditions as northern Iceland.  
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Figure 7. Loss on ignition, organic content in Viðvik sediment core. 

The organic content in the core is high with a minimum organic content of 93 % and a maximum 

organic content of 97 % (Figure 7). The highest values are at the depths 195 cm and 118.5 cm, and 

the lowest values are at the depths 295.5 cm and 226.5 cm where the highest inorganic content is 

found. 
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Sediment core description  
Table 3. Description of the Viðvik sediment core made in laboratory environment. 

Depth 
(cm) 

Dating: 14C, 
Volcanic eruption 

Sediment core description, Viðvik. 

0-21  Lost material, empty. 
21-45  Low degree of humification with visible plants and root 

parts. Light brown color. 
45-72  Dark brown/black compact peat with a high degree of 

humification. 
72-100  Homogeneous layer estimated H3-H4 on the humification 

scale. Darker bands visible at 84-86 cm, 89-92 and 94-100 
cm. Visible root and plant part layer at 79-80 cm. 

100-137 2006   30 BP High degree of humification, homogeneous dark layer. 
137-141  Light layer with medium degree of humification with visible 

roots. 
141-152  Medium degree of humification, possible disturbed layer. 
152-156  Compact layer with low degree of humification and visible 

plant remains. 
156-164 2880   35 BP H3 Tephra layer 
164-168  Low degree of humification. 
168-176  Distinct plant and root remains, dark band at 168-169 cm. 
176-214  Homogeneous layer with low degree of humification and 

visible plant and moss fragments. Darker bands at 176-180 
cm, 187-191 cm, 194-195.5 cm, 203-205.5 cm and 210-212 
cm. 

214-239  Dark brown peat layer estimated H5 on the humification 
scale. Visible plant remains. Darker bands at 219-221.5 cm, 
225-229 cm. At 232-238 cm, the color of the peat is even 
darker/blackish and the degree of humification is estimated 
to H6 on the humification scale. 

239-244 3686   33 BP High degree of humification. 
244-254  High degree of humification with wood fragments. Clear 

wood fragments at 251.5 cm. 
254-257 3825   15 BP H4 Tephra layer. 
257-263  High degree of humification with dark band at 259-259.5 cm. 
263-289 4428   37 BP Homogeneous dark brown/black layer with high degree of 

humification. Darker band at 276-282 cm and twig layer at 
282 cm. 

289-296  Junction region with a mixture of sediments and organic 
peat material, dark brown/black in color. 

296-325  Fine grain silt with a color fluctuation of dark olivine 
green/greenish gray color. Dark brown/black layer at 304-
307.5 cm and 309-314 cm. 

 

The core description shown in table 3 was made in laboratory functions as a background for all other 

analyses made on the Viðvik core. It contributed to clarify boundaries and the differences in color 

and material variations of the sediment core. 
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Pollen analysis 

A description of the pollen found at different levels throughout the sediment core from Viðvik is 

presented in table 4. The combined results from the radiocarbon dating and pollen identification are 

presented in figure 8 together with a visual description of the 325 cm long sediment core. The pollen 

analysis reaches down to 274 cm depth. After that, no pollen analyses were made. The pollen 

diagram shown in figure 8 is presented in percentage and is therefore in relative to the different 

plant species within the diagram. However, a global comparable diagram over the absolute pollen 

concentration in the core is presented in figure 9. 

 

Table 4. Pollen description from the sediment core at Viðvik site. 

Depth (cm) Pollen description of the sediment core, Viðvik. 

34 The upper level of the sediment core is dominated by Compositae pollen together 
with Gramineae and Carex. Small quantity of Salix, Equisetum, Potamogeton, 
Rumex, Betula and Ericaceae were also found in the upper level of the core. 

44 Almost 70 % of the pollen found originates from Gramineae. The other big group 
of pollen is Carex and other pollen found in low amount is Salix, Betula, 
Ericaceae, and Rumex. Compositae pollen decrease from 56 % to ~ 1% from the 
upper 44 cm level. 

64 Gramineae dominates the level together with Carex. There is a small increase in 
Betula pollen compared to the upper levels in the core. Very few pollen grains of 
Ericaceae, Salix and Compositae were also present at this level. 

94 The most dominated type of pollen except from the Gramineae pollen at 62 % is 
Carex at 24 %. There is also an increase in Betula, Ericaceae and Salix pollen 
grains compared to the upper level at 64 cm. One other pollen found on this level 
in small amounts is Compositae. 

124 Gramineae still dominates but decreases in percentage at the same time as 
Carex, Betula and Ericaceae increase. A few pollen grains of Salix, Equisetum and 
Compositae are also found at this level. 

154 Ericaceae dominate the level by 61 %. Three other bigger pollen groups are 
Gramineae, Betula and Carex that all lay between 10-14 % each. Few grains of 
Equisetum, Umbelliferae, Potamogeton and Compositae pollen.  

184 Gramineae and Carex dominates and the Betula pollen continuous to increase in 
number. Ericaceae pollen drops from 61 % to ~ 3 %. Other pollen found at this 
level are a few grains of Salix and Equisetum. 

214 Ericaceae dominate this level together with Gramineae and Carex pollen. Betula 
represent ~ 11 % and Salix and Equisetum ~ 2 %.  

244 At this level, Carex, Gramineae and Equisetum dominate the pollen sequence. 
Betula pollen increases in percentage compared to the 244 cm level. Less than 5 
pollen grains are found of Ericaceae and Salix. 

274 The lower most level is dominated by Gramineae pollen at 93 %. Other pollen 
found like Salix, Betula, Carex and unknown pollen grains represent ~1-3 % each. 
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Figure 8. Pollen diagram including analyzed radiocarbon ages and description of the Viðvik core. The radiocarbon dates 
2880 BP (Hekla 3) and 3825 BP (Hekla 4) is literature references from the article of Gudmunsdóttir et al., 2011. The dots 
in the diagram are indications for a small amount of pollen. Diagram made in Psimpoll ©. 
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Figure 9. Diagram of the pollen concentration in Viðvik sediment core including analyzed radiocarbon ages and 
description of the Viðvik core. The radiocarbon dates 2880 BP (Hekla 3) and 3825 BP (Hekla 4) is literature references 
from the article of Gudmunsdóttir et al., 2011. Diagram made in Psimpoll ©. 
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Figure 10. Total pollen concentration in the sediment core from Viðvik site. Each point represents the different levels 
analyzed. 

The total pollen concentration at each analyzed level is represented in figure 10. Increases and 

decreases in pollen concentration are connected with accumulation rate in the peat land and can be 

used as a supplement to peat growth calculation to give a more representative result. Concentrations 

of high density pollen, like grass, half-grasses and heaths, are presented in figure 10 to see the 

general trend of the most common pollen. The peak in total pollen concentration in the lowermost 

parts of the core from Viðvik is connected to the high amount of Gramineae pollen, presented in 

figure 11. Even though other pollen taxa decrease, the increase of Gramineae strongly influences the 

concentration. 
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Figure 11. Pollen concentration of Carex, Ericaceae and Gramineae in the sediment core from Viðvik site. 

Peat growth 

Two peat growth calculations have been made, the first according to the radiocarbon dating (Figure 

12) and the second made according to the radiocarbon dating together with the qualified estimated 

dating of the tephra layers found in the core (Figure 13). The two calculations will be presented 

separately. Calculation for peat growth can be found in appendix 7. 
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Figure 12. Peat growth within the Viðvik core, based on 
14

C age. 

 

 

 

Figure 13. Peat growth within the Viðvik core, based on 
14

C age and Tephra layers (Hekla 3* and Hekla 4*).  * Literature 
references (Gudmundsdóttir et al., 2011) and qualified guess due to layer thickness and position between determined 

14
C 

dating of peat sample.   
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Discussion 

The temperature increase that proceeded after the “lower mire period” (7000-5000 BP) allowed an 

expansion of birches in northern Iceland which started to spread over areas where peat lands had 

been the dominant component. During this warmer period of time, Equisetum pollen is found in the 

Viðvik core. Equisetum pollen indicates that the area once were a region with stagnant water that 

gave life to the water living plants such as Equisetum. The pollen curve for Equisetum shows a sharp 

peak around 4000-3400 BP (figure 8) and is abundant for a couple of hundred years until it almost 

disappears higher up in the core. This disappearance of Equisetum in the core could connect to an 

ongoing transgression to a warmer climate, which slowly dries up the area and finally makes the 

living conditions unbearable for the water living plants or merely a sign of an overgrown lake. 

Ericaceae pollen, which also enjoys warm and dry climates, becomes more and more abundant 

during this warmer period. Ericaceae pollen dominates the pollen sequence for another hundred 

years until a cooler and more humid climate approaches and the Ericaceae pollen curve decreases 

rapidly but is still visible until modern times.   

A visible peak in the Betula curve can be seen in figure 8 around 3000-2800 BP close to the 

eruption of Hekla (H3). This time corresponds well to the upper birch period (3000-2500 BP) 

described by Einarsson (1968) where the climate was warm and dry, with a 2-3 °C annual mean 

temperature increase compared with modern temperatures. After this last peak, the birch curve 

shows a slow but steady decrease until modern time. Einarsson (1963) claims that the cooler and 

more humid climate that describes the recent upper mire period (2500-0 BP) had a negative effect 

on the birch woodland around 2500 BP and can be seen in the Betula pollen decrease just above the 

eruption of Hekla 3. This event can be seen in the pollen diagram from Viðvik (figure 8) and 

corresponds well to Einarsson’s conclusion that the birch woodland in Iceland was already declining 

before the settlement of the island started.  Even though the climate could had shifted more abruptly 

it is not seen in the Betula pollen, and instead a smoother and shifted decreasing curve is seen which 

could be a result of a declining birch forest.  Gramineae pollen is found throughout the whole 

sequence, but an increase is visible during the decrease of Betula pollen. This is often evidence of a 

transformation from a forest-like to a more open landscape in the region, which can depend on 

either climate changes or clear-cutting in connection with new settlements or a combination of the 

two options. The pollen concentration diagram presented in figure 9 shows an overall resemblance 

to the relative pollen diagram shown in figure 8. The only major change between the two diagrams is 

the pollen concentration curve for Gramineae that decline in concentration over the radiocarbon 

date 2006 BP. After the decline, Gramineae soon starts to increase as a result of the open landscape 

development. The decline in Gramineae can also be seen as a result of a higher accumulation rate of 
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the peat. A concentration diagram does not only indicate how much pollen that exists in the region 

but also tell us something about the accumulation rate. A sample volume of 1 cm3 within a level of a 

low accumulation rate would represent pollen from a longer period of time compared to a sample 

within a level with a high rate of accumulation that would represent a shorter time span. However, 

the peat growth during this time is rather constant between 0.5-0.4 cm/year; however, looking at the 

total concentration in figures 10 it is clear that every pollen taxa are decreasing during the same 

period of time. This would mean that earthier the pollen production for the period is low, or that the 

peat accumulation rate is high, diluting the pollen concentration in the sample. 

Human activity in the area of Hjaltadalur is recorded by the Compositae pollen curve peak 

that is found in the upper most part of the sequence. Even though human activity might not have 

taken place at the site, a peak in Compositae pollen still attests to human activity in the vicinity. The 

peak corresponds to the Landnám period (AD 870-930) when the first settlements in northern 

Iceland took place.  

The pollen diagram produced from Viðvik corresponds with Einarsson’s (1968) “upper birch 

period” and “upper mire period” where the climate transforms from a warm and dry climate to a 

more humid and cool climate. The transition between these two periods is set by Einarsson (1968) to 

2500 BP. In the sediment core from Viðvik this change in climate would plot in a period dominated of 

peat with high degree of humification and where the peat growth lies around 0.06 cm/year 

(appendix 7). The upper part of the core consists of humified peat and the growth rate is calculated 

to 0.04 cm/year until modern time. The growth rate of the peat in the upper birch period varies 

between 0.05 and 0.1 cm/year; this appears normal for the area (Figure 12). The fastest growth rate, 

0.1 cm/year, is found between the eruption of Hekla 4 (3825 14C BP) and the radiocarbon dating 

result at 239 cm depth in the core (3686 14C BP) (Figure 13). During this time, the climate should be 

warm and dry according to Einarsson (1968) and not a time for a higher peat growth accumulation. 

This increase in peat growth should however be taken with consideration, an increase of 0.5-0.4 mm 

from the average growth rate is a very small increase and also lies within the error terms of the 

analysis. Even though, if the growth rate could correspond to the local vegetation history it could be 

noticed that simultaneously as the “peak” in peat growth, the Equisetum curve peaks in the pollen 

diagram indicating stagnant water and probably a smaller lake that has started to dry up. These 

conditions are excellent and also very common for the expansion of peat lands. Higher peat growth 

rate can also be related to a higher amount of plants and organic matter that can grow in a warm 

climate and also accumulate to a higher extent in an overgrown lake. When the pollen curve for the 

water-living plant Equisetum decreased, indicating a slightly drier local environment, the peat growth 
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rate drops to 0.05-0.04 cm/year and continuous to accumulate in this rate in the cooler and more 

humid climate that follows.  

Human activity in Hjaltadalur valley was continuous from early settlement. As an Episcopal 

see and home of many wealthy families, a constant flow of people traveled through Hjaltadalur and 

Hólar over many years. This transformed the landscape, and probably also the peat land in Viðvik. 

However, the sediment core shows no sign of volume loss or incoherent boundaries that would 

indicate human harvesting.  

Loss on ignition values indicates a high organic content in Viðvik sediment core, with an 

organic content >90 % through the entire core. A few declines in organic content can be seen in the 

figure 7 and some of them, for example the shift around 160 cm depth, is believed to be connected 

with the volcanic eruption from Hekla 3 (2880±35 BP). The volcanic eruption of Hekla 3 spread a thick 

layer of ash and non-organic particles over a huge area of Iceland and this layer of mixed sediment is 

visible in the Viðvik core and the loss on ignition analysis. A high inorganic content or a sudden 

increase of inorganic content in a sediment core could also be a sign of erosion at the site. When 

surrounding dry soils are affected by wind and water erosion and are transported to lower elevation 

where most of the peat lands are situated, inorganic material is often found in sediment cores. A 

sudden increase or decrease in organic content is a strong indication of a change in erosion and 

therefore also a changes in climate.  Einarsson (1963a) recorded a distinct drop in organic content in 

Icelandic peat after the Landnám phase when humans started to use and change former untouched 

landscape. The loss on ignition results from Viðvik do not show any substantial changes during these 

events, which might be explained by both erosion being inhibited by the surrounding hilly 

topography, as well as limited human activity. The water content in the peaty samples taken for loss 

on ignition (Figure 6) varied between 42-59 % after they had been air-dried for 3 days. This water loss 

analysis were performed to gain knowledge of the weight loss due to evaporation from the fresh 

peat samples since every reference found used dry weight for loss on ignition analysis. The 

awareness that almost half of the sample’s weight is lost when dried will prevent inaccurate sample 

sizes in future analysis for peat with similar origin.           

A problem with the material form Viðvik site was the low amount of pollen in the samples. 

This situation has been described before by other researchers dealing with Icelandic material 

(Hallsdottir, 1995, 1987). Few pollen in each samples means that more samples have to be analyzed, 

which is time-consuming. For this thesis, fewer analyses were completed than initially anticipated. 

The downscaling from the original 31 levels to 10 in the sediment core is not optimal and will without 

a doubt affect the detail of this study, but the most important changes are still visible. To be able to 
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tell a more complete story of the landscape and its changes trough time, it would be necessary to not 

only analyze more levels in the Viðvik core, but also examine other sediment cores in the valley of 

Hjaltadalur and compare these to each other to recognize the local and regional changes through 

time in the valley. When working with sediment cores, it’s important to remember that the result 

and the conclusions are a snapshot of the environment and its changes at one site during time. 

Looking at a sediment core 10 km further away might tell a totally different story.     

Conclusion 

The climatic development at the site of Viðvik corresponds well to the described overall climate 

fluctuation outlined by Einarsson (1963) with a transition from a warm and dry to a cool and humid 

climate around 2500 BP.  However, an increase in inorganic content in the sediment core, as a 

response to erosion after the Landnám phase, is not found in the Viðvik core.   

Pollen analysis together with loss on ignition, radiocarbon dating, sediment and tephra 

analysis have given useful information and contributed to a better understanding of the landscape 

and environment development in the valley of Hjaltadalur. Next steps in this research would be to 

finish all the pollen samples taken and identification of the macro fossil samples. Together with a 

total analysis of the other cores available from Hólar, Ástunga and Röykir, the whole geological and 

climate history could be written for the valley, with local fluctuations due to human activity and 

Hjaltadalur’s own climate variations and responses.  

Human activity in the area corresponds with a distinct peak in Compositae pollen through the 

uppermost sequence of the sediment core. This comprises the settlement period from the AD 870-

930. Several hundred years before the peak of the Compositae pollen curve a decrease in the Betula 

pollen curve is visible together with an increase in the Gramineae pollen curve. This result is very 

much connected to a transgression of the landscape from forest-like conditions to more open 

grassland. This remark in the sediment record also determines that the climate change was already 

ongoing when the Landnám period begun, and that human activity can’t be completely responsible 

for the vegetation change on Iceland, even though humans contributed or even enhanced the 

ongoing transgression.   

Very little research has been made in northern Iceland with the focus on the later Holocene 

era during the recent decades. Most studies focus on the Landnám period, cultural layers or 

glaciation processes found in the area. Investigations of climate and landscape development during 

the Holocene in Iceland could help to predict how future climate changes would affect the island. 

Changes or unknown fluctuations of the atmospheric pressure over Iceland, which affect the climate 
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on the island today and are likely to change with a warmer Earth, could rapidly change the climate 

conditions and subsequently the vegetation cover of the island. An increase in temperature of only 2-

3° C would put northern Iceland in similar climate conditions as during the “upper birch period”. The 

expected changes in vegetation would be that the peat lands would decrease and that the birch 

forest would be favored by the climatic condition and start to expand. On the other hand, the lack of 

birches on Iceland today could prevent a spreading of the birches, but in the small areas with forest-

like conditions they might expand. A northward shift of the North Atlantic air masses and Atlantic 

waters could easily make this 2-3° C temperature change in northern Iceland. Contradictive to this 

scenario is the problem with melting glaciers in the North Sea and Greenland that release huge 

amount of fresh water in the Atlantic which could stop or slow the deep water circulations, also 

called Atlantic Meridional Overturning Circulation (AMOC). If this would happen, northern Iceland 

would experience a cooler climate similar to the climate of Younger Dryas. In these times of climate 

change and uncertain climatic outcomes, it’s important to remember that; to predict the future, you 

must study the past.  
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Appendices  

Appendix 1: Climate data from Hólar 

Annual average climatologic data from Hólar in Hjaltardalur (site 385) between the years 1961-1990. 
Data collected from Iceland Meteorological Office. 
 
Year t tx txx txxD1 tn tnn tnnD1 rh r rx rxD1 p n sun f 

1961 3.2 6.8 19.1 19-jul -0.1 -18.0 28-dec NA 637.6 24.0 16-sep NA 6.5 NA 2.9 

1962 2.8 NA NA NA-NA -0.5 -14.7 14-mar NA 472.8 33.5 18-feb NA 6.6 NA 2.9 

1963 2.7 6.4 20.5 06-mar -0.2 -15.7 04-nov NA 442.2 38.4 27-nov NA NA NA NA 

1964 3.8 7.6 20.0 21-jul 0.8 -15.5 02-apr NA 533.7 32.3 28-jun NA 6.5 NA 3.0 

1965 2.5 6.3 20.1 13-aug -1.0 -19.7 22-mar NA 403.8 20.4 20-okt NA 6.2 NA 2.8 

1966 1.8 5.4 23.1 07-jul -1.3 -17.9 24-jan NA 468.5 29.4 24-jul NA 6.4 NA 3.1 

1967 2.0 5.7 19.0 13-jul -1.4 -16.8 12-jul NA 491.9 19.4 12-feb NA 6.5 NA 3.1 

1968 2.4 6.1 21.6 19-jul -1.4 -21.8 04-jan NA 428.2 22.8 31-aug NA 6.3 NA 2.8 

1970 2.3 5.7 20.0 22-jun -0.9 -20.6 01-aug NA 491.3 21.4 24-mar NA NA NA 3.4 

1971 2.5 5.8 19.7 06-jun -0.7 -19.7 30-jan NA 567.0 14.0 13-jul NA NA NA NA 

1972 4.0 7.1 20.2 27-jul 1.2 -15.1 15-feb NA 575.5 40.0 11-sep NA NA NA NA 

1973 2.2 5.6 21.4 07-nov -0.9 -19.0 17-dec NA 520.4 28.5 01-maj NA 6.5 NA 1.9 

1974 3.7 6.9 24.0 23-jun 0.8 -15.6 16-feb NA 529.3 31.5 23-jul NA 6.6 NA 2.0 

1975 2.6 6.2 20.8 07-maj -0.4 -15.5 24-mar NA 469.0 20.4 01-maj NA 6.7 NA 2.4 

1976 3.7 7.1 22.8 07-okt 0.5 -16.5 01-dec NA 506.8 26.4 26-jun NA 6.5 NA 2.2 

1977 2.8 6.0 21.8 14-aug -0.3 -20.5 19-dec NA 379.8 20.2 08-maj NA 6.3 NA 1.4 

1978 2.9 6.1 19.3 18-aug -0.2 -15.8 01-mar NA 390.0 20.0 23-jan NA 6.4 NA 1.4 

1979 0.9 4.1 18.0 06-apr -2.0 -18.0 02-jul NA 349.9 11.3 09-aug NA 6.4 NA NA 

1980 3.0 6.1 23.0 08-jan -0.2 -18.0 18-dec NA 371.2 19.0 01-dec NA 5.8 NA NA 

1981 1.6 4.8 21.6 24-jul -1.8 -18.0 15-jan NA 499.9 29.0 27-jan NA 5.9 NA 2.3 

1982 2.5 5.7 19.5 06-jun -0.7 -15.2 16-dec NA 461.5 22.1 27-okt NA 5.9 NA 2.3 

1983 2.1 5.4 19.4 20-jul NA NA NA-NA NA 723.9 57.9 22-jan NA 6.0 NA 3.0 

1984 3.3 6.5 22.0 06-maj 0.0 -16.1 16-jan NA 520.5 19.3 01-mar NA 5.8 NA 2.8 

1985 2.6 5.8 20.6 19-maj -0.6 -15.7 02-jan NA 494.1 28.5 25-okt NA 5.6 NA 2.4 

1986 2.7 6.0 21.2 29-jun -0.6 -14.8 12-feb NA 460.5 23.4 11-sep NA 5.6 NA 2.5 

1987 4.0 6.9 21.2 26-maj 0.8 -15.4 26-dec NA 365.4 14.5 07-jul NA 6.0 NA 2.6 

1988 2.4 5.8 23.3 06-okt -1.0 -18.6 23-jan NA 461.4 36.1 12-jul NA 5.8 NA 3.6 

1989 2.6 5.8 20.0 17-jul -0.7 -18.7 20-dec NA 523.4 17.2 26-feb NA 6.1 NA NA 

1990 3.0 6.1 22.8 14-jul -0.2 -16.7 28-feb NA 530.0 16.1 09-aug NA 6.3 NA NA 
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Legend for the climatologic data collected from Iceland Meteorological Office. 

t Mean temperature r Precipitation total 

tx Average daily maximum temp. rx Maximum 24-hour precipitation (measured at 
9 am) month/year 

txx Highest maximum temp. 
month/year 

rxD1 Date of 24-hr maximum precipitation 
month/year 

txxD1 Date of highest maximum temp. p Average sea level pressure 

tn Average daily minimum temp. nh Mean cloud cover, oktas 

tnn Lowest minimum temp.  
month/year 

sun Number of bright sunshine hours 

tnnD
1 

Date of lowest minimum temp. f Mean wind speed (m/s) 

rh Mean relative humidity   

 

Appendix 2: Calculation models, loss on ignition  

Calculations and equations made from Santisteban, 2004. 

          (        )    

           (           )    

Sample nr Depth (cm from 
the surface) 

Fresh sample weight 
(g) 

Air-dried sample + 
glass jar weight (g) 

Glass jar weight 
(g) 

1 33 6.67 21.6 18.73 

2 58.5 7.64 21.71 17.95 

3 86 8.44 22.82 18.83 

4 118.5 8.3 23.95 19.54 

5 139 10.12 26.02 20.82 

6 146.5 7.68 22.79 19.07 

7 154 7.7 23.08 19.2 

8 166 9.68 23.52 18.56 

9 172 8.04 22.75 19.04 

10 195 9.89 24.25 19.25 

11 226.5 8.48 24.64 20.17 

12 241.5 8.57 24.39 19.79 

13 249 8.84 20.15 15.91 

14 260 9 32.49 27.85 

15 276 8.04 31.64 27.78 

16 292.5 9.42 35.09 31.24 

17 310.5 11.65 37.36 30.6 

 

 

 



 

39 
 

Sample 
nr 

Crucible weight 
(g) empty and 

after burning at 
550 °C for one 

hour 

Crucible + sample 
(g) before 
warming 

Crucible + sample 
(g) after warming 
in 105° C for 23 

hours. 

Crucible + sample (g) 
after burning in 550 
°C for two hours (+ 

warm-up phase, total 
4 hours.) 

1 11.1955 14.008 12.1583 11.4931 

2 10.928 14.5893 11.8457 11.0997 

3 9.7904 13.6739 10.8476 10.1112 

4 29.2894 33.6438 30.3417 29.483 

5 11.3773 16.5141 12.2735 11.522 

6 10.8786 14.5266 11.6003 11.0517 

7 11.0325 14.8345 11.8007 11.1628 

8 12.7783 17.6455 13.6749 12.8654 

9 11.6093 15.2108 12.2249 11.6589 

10 19.9153 24.8143 20.644 19.9869 

11 9.668 14.072 10.7145 9.7706 

12 12.6393 17.1573 13.6476 12.7889 

13 13.0708 17.1808 14.3453 13.4459 

14 10.5028 15.0566 11.6615 10.7606 

15 7.7722 11.5046 8.6808 7.9493 

16 11.1728 14.9366 12.6462 11.6517 

17 11.2182 17.8314 14.1156 13.1184 

 

Sample nr LOI105=100(WS-DW105)/WS 
 

LOI550=100(DW105-DW550)/WS 
 

Organic content % 

1 13.2046 4.7487 95.2513 

2 18.8056 5.1133 94.8867 

3 20.6693 5.3854 94.6146 

4 9.8149 2.5523 97.4477 

5 25.6787 4.5507 95.4493 

6 20.1444 3.7765 96.2235 

7 20.4510 4.3001 95.6999 

8 22.5021 4.5876 95.4124 

9 19.6301 3.7210 96.2790 

10 16.8060 2.6481 97.3519 

11 23.8594 6.7076 93.2924 

12 20.4560 5.0049 94.9951 

13 16.5039 5.2349 94.7651 

14 22.5489 5.9834 94.0166 

15 24.5450 6.3583 93.6417 

16 15.3341 6.6581 93.3419 

17 20.8385 5.5924 94.4076 
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WS= Weight of air-dried sample 

DW105= Dry weight of sample heated at 105 °C 

DW550= Weight of the sample after burning at 550 °C 

LOI550= % of loss on ignition at 550 °C 

LOI105= % of loss on ignition at 105 °C 

Appendix 3: Calculation models, water loss  
Sample 

nr 
Glas jar + dried sample 

– glass jar (g) 
Fresh sample – 

Dried sample (g) 
Weight loss 

% 
Crucible + air-dried 

sample – crucible 
weight (g) 

1 2.87 3.8 56.97 2.8125 

2 3.76 3.88 50.79 3.6613 

3 3.99 4.45 52.73 3.8835 

4 4.41 3.89 46.87 4.3544 

5 5.2 4.92 48.62 5.1368 

6 3.72 3.96 51.56 3.648 

7 3.88 3.82 49.61 3.802 

8 4.96 4.72 48.76 4.8672 

9 3.71 4.33 53.86 3.6015 

10 5 4.89 49.44 4.899 

11 4.47 4.01 47.29 4.404 

12 4.6 3.97 46.32 4.518 

13 4.24 4.6 52.04 4.11 

14 4.64 4.36 48.44 4.5538 

15 3.86 4.18 51.99 3.7324 

16 3.85 5.57 59.13 3.7638 

17 6.76 4.89 41.97 6.6132 
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Appendix 4: Margin of error of LOI and water loss calculations 
 

Sample nr Lost material (g) between glass jar/analytical balance  

1 -0.0575 

2 -0.0987 

3 -0.1065 

4 -0.0556 

5 -0.0632 

6 -0.072 

7 -0.078 

8 -0.0928 

9 -0.1085 

10 -0.101 

11 -0.066 

12 -0.082 

13 -0.13 

14 -0.0862 

15 -0.1276 

16 -0.0862 

17 -0.1468 
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Appendix 5: Pollen calculations 
Species 34 cm %  44 cm %  64 cm %  94 cm % 

Gramineae 80 25.81 239 69.08 205 68.79 211 62.24 

Cruciferae 0 0 0 0 0 0 0 0 

Compositae 174 56.13 3 0.87 1 0.34 2 0.59 

Salix 15 4.84 3 0.87 5 1.68 10 2.95 

Betula 3 0.97 8 2.31 12 4.03 23 6.78 

Starr 26 8.39 80 23.12 71 23.83 82 24.19 

Ericaceae 1 0.32 4 1.16 3 1.01 9 2.65 

Unknown 3 0.97 8 2.31 1 0.34 1 0.29 

Equisetum 5 1.61 0 0 0 0 0 0 

Umbelliferae 0 0 0 0 0 0 0 0 

Potamogeton 1 0.32 0 0 0 0 1 0.29 

Rumex 2 0.65 1 0.29 0 0 0 0 

Pollen sum 310 100 346 100 298 100 339 100 

 

 

Species 124 
cm 

% 154 
cm 

% 184 
cm 

% 214 
cm 

% 244 
cm 

% 274 
cm 

% 

Gramineae 193 53.76 31 9.81 142 42.01 109 28.76 119 27.74 624 93.13 

Cruciferae 0 0 0 0 0 0 0 0 0 0 0 0 

Compositae 1 0.28 1 0.32 0 0 1 0.26 0 0 0 0 

Salix 3 0.84 0 0 11 3.25 9 2.37 7 1.63 3 0.45 

Betula 15 4.18 45 14.24 53 15.68 41 10.82 54 12.59 8 1.19 

Starr 100 27.86 34 10.76 119 35.21 95 25.07 155 36.13 21 3.13 

Ericaceae 44 12.26 194 61.39 11 3.25 116 30.61 2 0.47 0 0 

Unknown 2 0.56 2 0.63 1 0.30 0 0 1 0.23 14 2.09 

Equisetum 1 0.28 7 2.22 1 0.30 8 2.11 91 21.21 0 0 

Umbelliferae 0 0 1 0.32 0 0 0 0 0 0 0 0 

Potamogeton 0 0 1 0.32 0 0 0 0 0 0 0 0 

Rumex 0 0 0 0 0 0 0 0 0 0 0 0 

Pollen sum 359 100 316 100 338 100 379 100 429 100 670 100 
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Pollen concentration calculations 

Pollen concentration calculation was made using following equation from N. Nguyen et al. 
(DR2013044, available 2013-09-26):  

   
  
  
          

Ct = Concentration of pollen Lc = Lycopodium counts 

Tc = Taxa counts 
  

Ls = Total number of Lycopodium spores added to the whole sample 

Wts = Weight of the sample 
 

Counts 34 
cm 

44 
cm 

64 
cm 

94 
cm 

124 
cm 

154 
cm 

184 
cm 

214 
cm 

244 
cm 

274 
cm 

Pollen 310 346 298 339 359 316 338 379 429 670 

Lycopodium 999 586 760 1789 631 571 1811 613 529 616 

Total P+L 1309 932 1058 2128 990 887 2149 992 958 1286 

           

Weight  of  
sample (g) 

1,135 1,063 1,087 1,04 1,061 1,098 1,103 1,006 1,033 1,038 

           

Lycopodium 
spores 

added (1*4 
tablets) 

74332 
 

         

 

 

Species 34 cm 44 cm 64 cm 94 
cm 

124 
cm 

154 
cm 

184 
cm 

214 
cm 

244 
cm 

274 
cm 

Gramineae 5245 28520 18445 8430 21428 3675 5284 13138 16187 72541 

Cruciferae 0 0 0 0 0 0 0 0 0 0 

Compositae 11407 358 90 80 111 119 0 121 0 0 

Salix 983 358 450 400 333 0 409 1085 952 349 

Betula 197 955 1080 919 1665 5335 1972 4942 7345 930 

Carex 1704 9546 6388 3276 11103 4031 4428 11451 21084 2441 

Ericaceae 66 477 270 360 4885 23001 409 13982 272 0 

Unknown 197 955 90 40 222 237 37 0 136 1628 

Equisetum 328 0 0 0 111 830 37 964 12378 0 

Umbelliferae 0 0 0 0 0 119 0 0 0 0 

Potamogeton 66 0 0 40 0 119 0 0 0 0 

Rumex 13 1 119 0 0 0 0 0 0 0 0 
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Appendix 6: Radiocarbon dating calibration explanations 
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Appendix 7: Peat Growth calculations 

Peat growth calculation made between 14C ages in the Viðvik core. 

 

Between Viðvik, 105-107 cm and surface (below root zone horizon). 

105 cm – 21 cm = 84 cm 

2006 14C BP – 0 14C BP (1950) = 2006 years 

84 cm/2006 years = 0.04 cm/year 

 

Between Viðvik, 239-241 cm and Viðvik, 105-107 cm. 

239 cm – 106 cm = 133 cm 

3686 14C BP - 2006 14C BP= 1680 years  

133 cm/1680 years = 0.07 cm/year 

 

Between Viðvik, 287-289 cm and Viðvik, 239-241 cm. 

287cm - 240 cm = 47 cm 

4428 14C BP- 3686 14C BP= 742 years  

47 cm/742 years = 0.06 cm/year 

 

Summarized 

Between Viðvik, 287-289 cm and surface (below root zone horizon). 

287cm - 21 cm = 266 cm 

4428 14C BP- 0 14C BP (1950) = 4428 years  

266 cm/4428 years = 0.06 cm/year 
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Peat growth calculations made between 14C age and tephra layers (Hekla 3* and Hekla 

4*). 

 

Between Viðvik, 105-107 cm and surface (below root zone horizon). 

105 cm – 21 cm = 84 cm 

2006 14C BP – 0 14C BP (1950) = 2006 years 

84 cm/2006 years = 0.04 cm/year 

 

Between Hekla 3* 156-164 cm and Viðvik 105-107 cm 

156 cm – 106 cm= 50 cm 

2880 14C BP – 2006 14C BP = 874 years 

50 cm/874 year = 0.05 cm /year 

 

 

Between Viðvik 239-241 cm and Hekla 3* 156-164 cm 

239 cm - 157 cm = 82 cm 

3686 14C BP – 2880 14C BP = 806 years 

82 cm /806 years = 0.10 cm/year 

 

Between Hekla 4* 254-257 cm and Viðvik 239-241 cm. 

254 cm – 240 cm = 14 cm 

3825 14C BP - 3686 14C BP = 139 years 

14 cm/139 years= 0.10 cm/year 

 

Between Viðvik 287-289 cm and Hekla 4* 254-257 cm. 

287 cm - 255 cm = 32 cm 

4428 14C BP – 3825 14C BP = 603 years 

32 cm/ 603 years = 0.05 cm/year 

* Literature references (Gudmundsdóttir et al., 2011) and qualified guess due to layer thickness and 

position between determined 14C dating of peat sample.  
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