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Úrdráttur 

Markmið þessarar rannsóknar er að skoða hnignun birkiskóga í Mosfellsdal frá 

landnámi (870 e.Kr.) og fram til ársins 1500 e.Kr., en birki var og er eina innlenda tréið 

sem myndar skóga. Skoðað var hvaða áhrif landnám manna hafði á hnignun skógarins 

og hvernig aðrar breytur spiluðu inn í. Til að vinna verkefnið voru teknir níu 

jarðvegskjarnar frá láglendi til hálendis í Mosfellsdal. Jarðvegskjarnarnir níu voru teknir 

í skurðum eða holum sem voru grafnar í mýrum. Þrjú öskulög eru notuð til tímatals, 

Katla N, svokallað landnámslag sem er aska frá tveimur eldfjöllum sem hefur verið 

aldursgreint til 871 e.Kr. og Kötlulag frá um 1500 e.Kr. Frjósýni voru unnin og skoðuð 

úr jarðvegskjörnunum til að meta útbreiðslu skógarins í tíma og rúmi. 

Jarðvegskjarnarnir voru segulviðtaksmældir til að meta jarðvegsrof umhverfis 

sýnatökustaðina. Einnig voru litabreytingar og trefjabreytingar skoðaðar á milli 

seteininga í jarðvegskjörnunum. Gögnin voru sett í landfræðileg upplýsingakerfi þar 

sem teiknað var upp myndrænt hvernig skógur hefur þróast og hnignað í Mosfellsdal á 

rannsóknartímabilinu. Niðurstöður sýndu að árleg ákoma birkifrjóa minnkaði um u.þ.b. 

67% á milli frjósýna frá því fyrir landnám og síðan eftir landnám fram til 1500 e.Kr. 

Mikil hnignun hefur átt sér stað stuttu eftir landnám en frjósýni frá því stuttu eftir 

landnám, 900-950 e.Kr., inniheldur um 68% færri frjó en greind frjósýni fyrir landnám. 

Skógur hefur hörfað hratt nærri bæjum. Á hálendi Mosfellsdals hefur skógurinn lifað 

lengur en um 1500 e.Kr., þegar Litla Ísöld er talin hafa hafist, hefur skógur að öllum 

líkindum verið að mestu horfinn af svæðinu. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Abstract 

This study examines the development of woodland in Mosfell Valley (Mosfellsdalur) in 

the southwest of Iceland around and after the Norse colonisation in ca. AD 870. 

Palynology is used on a total of 9 peat samples distributed over an altitudinal transect 

stretching from the shore (10 m a.s.l.) to the interior hinterland (max 259 m a.s.l.), thus 

covering the inhabited and farmed lowland and the upland pastures. This approach 

significantly enlarges the element of space in comparison with previous conventional 

single-site pollen studies. In addition to the use of pollen-analysis, this study uses 

magnetic susceptibility (MS) to evaluate landscape stability in relation to woodland 

development as well as colour and fibrosity analysis for indication of organic content 

(OC) and soil disturbance. Reconstruction of spatio-temporal changes in woodland 

coverage in the valley throughout the research period is made visual using geographical 

information systems (GIS). The results show that birch pollen influx (BPI) values in 

Mosfell Valley were reduced by ca. 67% in soil samples dating from before settlement 

and samples from settlement until AD 1500. Soil samples from before settlement and 

samples from AD 900-950, which is soon after settlement, already show a reduction in 

BPI of 68%, with most of the change being close to farms in the Middle Ages that were 

settled in the lowlands. Disturbance of the environment is evident in the soil, showing 

higher MS values and colour that is lighter and redder. The woodland in Mosfell Valley 

retreated fast close to farms in the lowlands after settlement. Woodland remained longer 

in the higher altitudes and there may even have been some management undertaken to 

preserve the remaining woodland during the Middle Ages. The woodlands in the higher 

altitudes eventually retreated as well, probably as a result of over-exploitation, although 

it may also have been influenced by a deteriorating climate. Woodlands in the Mosfell 

Valley had probably become extinct from the area around AD 1500 when the LIA 

started in earnest. 
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1 Introduction 

The extent of woodland in Iceland has decreased immensely since the Norse 

colonisation of the island took place in the 9th century. Most studies indicate that Betula 

pubescens Ehrh. (downy birch) woodland covered between 20 to 30% of the country at 

the time of settlement while at present natural woodland covers only about 1% 

(Bergþórsson, 1996; Bjarnason, 1974; Einarsson, 1962; Sigurðsson, 1977; Þórarinsson, 

1961; Þorsteinsson, 1986; Hallsdóttir, 1995; Kristinnson, 1995). The nature of this 

apparent decline is probably complex in space and time and is likely to involve both 

natural and anthropogenic forces. This research examines the development of woodland 

in Mosfell Valley (Mosfellsdalur) in the southwest of Iceland around and after the 

Norse colonisation. Palynology is used on a total of nine peat samples distributed over 

an altitudinal transect stretching from the shore (10 m a.s.l.) to the interior hinterland 

(max 259 m a.s.l.), thus covering the inhabited and farmed lowland and the upland 

pastures. This approach significantly enlarges the element of space in comparison with 

previous conventional single-site pollen studies. In addition to the use of pollen-

analysis, this study uses magnetic susceptibility to evaluate landscape stability in 

relation to woodland development, colour and fibrosity analysis for indication of 

organic content (OC) and soil disturbance as well as geographical information systems 

(GIS) for the modelling of the palynological data. This thesis consists of an introduction 

chapter and an article. The introduction chapter covers the study´s aims and historical 

context, the pollen production and growth of Betula pubescens which is Iceland‘s only 

native woodland-forming species, as well as an introduction to the research area and the 

study‘s main conclusions.  

1.1 Betula pubescens 

In Iceland there are approximately 489 plant species, of which only three are considered 

as native tree species: Betula pubescens, Sorbus aucuparia and Populus tremula. B. 

pubescens is the only species that forms woodland or scrubland while the other two are 

rarer (Hättestrand et al., 2008). This makes it possible to explore the extent of 

woodlands in Iceland at settlement by identifying the extent of B. pubescens. The 

history of B. pubescens occurrence is most commonly recorded by its pollen in 

sediment. This will be the case for this study where the extent of B. pubescens 

woodland is inferred from the quantity of pollen the species has left in sediments that 

have accumulated over a certain time period.  

There are some factors that should be considered when studying pollen statistics. For 

this study, it should be noted that B. pubescens is a wind-pollenated species and a large 

open wetland receives a higher portion of airborne pollen transported over long 

distances than a densely wooded area. Deforestation encourages wetland growth due 

increasing moisture levels in the soil (Charman, 2002). Accoring to Tinganelli (2013), a 



 

decrease of woodland in Mosfellsdalur did not cause further expansion of bogs in the 

Mosfell Valley, because of increased soil erosion in the area. On the other hand, the 

bogs that were previously close to woodland will have been better exposed to capture 

pollen.  

Pollen can travel via wind, water or animals and of these the airborne pollen-producing 

taxa eject by far the most pollen grains. Airborne pollen can travel for long periods and 

long distances (Moore et al., 1991), yet most airborne pollen are deposited within a few 

kilometres of its source (Lowe and Walker, 1984). This means that if only a few B. 

Pubescens pollen are found, it can not prove that the species was present at the sample 

site. Studies have shown that lateral and vertical mixing of pollen can occur when it 

arrives on the surface of a bog, especially does smaller pollen have the potential to 

travel further than bigger pollen which could alter the numbers of taxa perceived in a 

time period (Lowe and Walker, 1984).  

Some species can be determined apart by their pollen, others only to genus or family 

level (Lowe and Walker, 1984). The pollen of Betula pubescens and Betula nana are 

similar in morphology and can be hard to separate. Both types have a round shape and 

usually three pores. The pollen of B. pubescens is usually bigger than those of B. nana 

and their size has been used as means to separate them in some studies (Karlsdóttir et 

al., 2007). Sizes of B. pubescens pollen that have been recorded in various studies are 

depicted in Table 1 (page 7) and pollen sizes found in this study are shown in Chapter 

2.3.3. 

When the treeline for B. pubescens elevates it causes more frequent hybridisation with 

B. nana, which is a hardier species, and often found at high altitudes where it has less 

competition with other taxa. Hybrids of B. nana and B. pubescens often produce more 

abnormal or non-triporate pollen than B. nana and B. pubescens themselves (e.g. 

Karlsdóttir et al., 2009). Therefore the number of abnormal or non-triporate Betula 

pollen in a sample can help to evaluate whether a Betula pollen assemblage includes 

pollen from hybrids. In the higher altitudes, an increase in hybrid Betula pollen can 

mean that at the time, the treeline for B. pubescens was higher than usual, for if the 

treeline is higher than usual, B. pubescens reaches further into the area were B. nana is 

more common (Caseldine, 2001). Abnormal Betula pollen were counted in this study 

(see “2.3.3 Pollen results“). 

Environmental variables are the factor that most influences pollen production. 

Hättestrand et al. (2008) examined modern pollen accumulation rates at the north-

western fringe of the European boreal forest and they claim that there are three variables 

that matter the most, those are the temperature difference between the coldest and the 

warmest month, absolute temperature of the warmest month and elevation. Hicks (1999 

and 2001) as well as Autio and Hicks (2004) have found that pollen accumulation rates 

(PAR) for trees in northern Fennoscandia follow the temperature of the warmest month 

of the previous year, which is the year of pollen formation. An increase in spring 

thermal sum can furthermore have an influence on the pollen production of Betula as it 

is known to initiate early bud burst of woody species such as Betula, causing hence an 

earlier onset of growth, and good growth is necessary for its fertility and fecundity 

(Linkosalo et al., 2010; Rousi et al., 2011).  
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Environmental variables are and have been the controlling factors in pollen production. 

On the other hand, human impact that has had the most influence on the vegetation 

cover in Europe since the beginning of the Neolithic period (ca. 7000 years ago). 

Widespread woodland clearances, farming activities and the introduction of new plant 

species to new places are evident in pollen records, with most impact being close to 

human activities. This is evident for the Icelandic B. pubescens woodland in ownership 

lists of churches (máldagar) and other historical sources (Þórhallsdóttir, 1996) as well as 

in palynological records (Erlendsson, 2007). Before this period, climate was the 

dominating influence factor on the extent of B. pubescens woodland (Lowe and Walker, 

1984). 

1.1.1 Climate influences on B. pubescens growth 

Climate is an important factor for the growth of B. pubescens. It shows in the fact that 

south-facing slopes have higher treelines than north-facing slopes (for aspects of hills in 

Mosfell Valley see Chapter 1.2.2) and that treelines recede in elevation at higher 

latitudes (Richardson and Friedland, 2007). Since favourable climate increases not only 

the growth of B. pubescens but also pollen production, increased birch pollen in 

sediments can mean either increased number of individuals (i.e. woodland expansion) or 

an increase in pollen production (Autio and Hicks, 2004). If a sudden increase is 

observed, it is more probably caused by an increase in pollen production, since 

vegetation response to climate changes are usually believed to be slow (Prentice, 1986). 

This can be even more complex when the Betula pollen rates decrease. Woodland can, 

for example, deteriorate or die suddenly with a subsequent rapid fall in pollen. 

Since temperature decreases with altitude, B. pubescens can reach higher altitudes with 

warmer climate. In Wöll (2008) the species line for B. pubescens in Iceland was found 

at different altitudes at 11 study sites where the species line ranged from 262 

(Fifustaðaskógur) to 504 (Dalsmynni) m a.s.l. According to Sveinbjörnsson et al. (1993) 

continuous cover of B. pubescens has an average upper limit of ca. 200-300 m. Remains 

of forests in Iceland have nonetheless been found up to an altitude of about 600 m a.s.l. 

(Guðbergsson and Einarsson, 1996). 

Many approaches have been used to find a way to correlate temperature data and 

treeline positions, or at which altitude trees can grow, using lapse rates to calculate 

temperature decrease with increasing altitude in a given area. The treeline has often 

been said to coincide with the mean air temperature of the warmest month of about 

10°C (Körner, 1998). Others have correlated the treeline position with thermal growing 

season length, which could for example be the number of days above 5°C (Malyshev, 

1993). For Iceland and Fennoscandia, the treelines have been correlated with the 

tritherm threshold, or the average temperature over the three warmest months of the 

year (e.g. Aas, 1964; Aas and Faarlund, 1996; Jónsson, 2005; Odland, 1996), or 

tetratherm temprature which is the average for the four warmest months of the year (e.g. 

Ragnarsson, 1969; Slettfjord, 1993).  

Jónsson (2005) suggests that the B. pubescens treeline in Iceland advances when it 

exceeds the tritherm threshold (mean temperature of the three warmest months of the 

year in Iceland, June - August) for sexual regeneration of 9.2°C, and recedes when the 

tritherm threshold falls below 7.6°C. Since he suggests that this threshold is between 7.6 

and 9.2°C, the treeline should remain stable between those temperatures. Wöll (2008) 



 

comes to the conclusion that the tritherm threshold for B. pubescens receding is 6.9 and 

7.2°C for coastal and inland part of Iceland respectively, and that the threshold of 7.9°C 

is valid for the whole country. By Jónsson´s (2005) thresholds, B. pubescens woodlands 

could today grow on 25% of Iceland. Wöll (2008) came to a similar conclusion or that 

24% of the country could support B. pubescens woodland defined from scrubland by B. 

pubescens >2 m, and that 40% of Iceland has the potential to support B. pubescens 

growth. It is generally accepted by scholars that the woodland cover at settlement was 

similar to these assessments or about 20 - 30%, but studies have shown a varying 

estimation for woodland coverage of total land area in Iceland at settlement or from 8 to 

39%. These studies are based on pollen analyses, historical records, old place names, 

current distribution of woodlands and modelling of inferred past climatic conditions 

(Bergþórsson, 1996; Bjarnason, 1974; Einarsson, 1962; S. Sigurðsson, 1977; 

Þórarinsson, 1961; Þorsteinsson, 1986; Hallsdóttir, 1995; Kristinsson, 1995; Ólafsdóttir 

et al., 2001).  

1.1.2  Other factors concerning the growth of Betula 

pubescens 

Wielgolaski (2003) found that high humidity can increase the time of leaf bud break in 

B. pubescens, hence prolonging the growing season. Another factor that influences the 

growth of B. pubescens is oceanity, as it does not grow well in oceanic environments. 

Treter´s (1984) observations showed that the width of the B. pubescens belt in 

Fennoscandia decreases with oceanity from west to east. 

Treelines might correlate to mean temperature but are also influenced by seasonal and 

diurnal amplitudes of temperature, duration of growing season, solar angles and peak 

radiation. In this study, aspects of the landscape and common shadows in Mosfell 

Valley are estimated and shown on maps (see Chapter 1.2.2). Treelines are furthermore 

rather influenced by past climate than current since many tree species have a long life 

span and established woodland communities have resilience towards environmental 

changes (Körner, 1998). For B. pubescens, the median life expectancy of dominant 

birch stems per genet in a scrub, scrub-woodland or woodland sub-populations are 

respectively, 32.0 ± 3.7, 44.2 ± 5.0 and 56.2 ±2.8 years (± s.e.) at the time of stem 

initiation (Jónsson, 2004). 

1.1.3  Pre-settlement history of Betula pubescens in Iceland  

The pollen and remains of B. pubescens are found in sediments dating before the 

settlement in Iceland, but it is disputed when B. pubescens first grew continuously and 

if that was before the last Ice Age which ended in ca. 8000 BC (e.g. Steindórsson 1937 

and 1962; Rundgren and Ólafsson, 1999; Einarsson, 1963) or if B. pubescens first came 

to Iceland after the onset of the Holocene (e.g. Buckland & Dugmore, 1991). Einarsson 

(1963) suggested that B. pubescens may have survived in areas free of ice in the last ice 

age, at least in northern Iceland due to its fast migration to areas from where the ice 

retreated.  

Einarsson (1963) studied vegetation and climate history of Iceland in late and post-

glacial time using pollen analytical studies. He divided the Holocene into four zones, 

based on climate. He called the first zone, from ca. 8000 – 7000 BC, the post-glacial 

time which was characterized by the total lack of pollen from B. pubescens. Einarsson 
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called the second period between ca. 7000 – 3000 BC the earlier birch era, from when 

B. pubescens pollen have been recorded in abundance. At the end of this zone in ca. 

4000 – 3000 BC, precipitation supposedly increased and there was a decline in B. 

pubescens and an increase in Sphagnum. The third zone which he called the latter birch 

era is from ca. 3000 BC – AD 870 when settlement in Iceland starts, he believed that in 

that period was the Holocene thermal maximum. At the end of this zone close to 

settlement, he claims that climate begins to deteriorate and that this is evidenced by 

declining recordings of birch pollen, although he also finds evidence for a short-lived 

expansion in birch shortly before settlement, between AD 600 and 800, which is flanked 

by periods of low counts for birch pollen. The fourth zone starts with the settlement in 

Iceland where he finds that B. pubescens pollen frequencies decline rapidly and 

recordings of grass pollen expand.  

1.1.4  Settlement and post-settlement deforestation  

Iceland is generally believed to have been settled by the Norse in the late 9th century or 

in 874 (see e.g. Eldjárn, 1956; Sveinbjarnardóttir, 2004; Vilhjálmsson, 1991). 

According to Dicuils De mensura orbis terrae, which is written in approximately AD 

825, Irish monks, called Papar, occupied the country before the Norse settlers arrived. 

This is supported by the main historical sources for settlement in Iceland which are 

Íslendingabók and Landnámabók, but they were written early in the 12th century and 

what is written there about the Papar may have come from Dicuil’s book 

(Sveinbjarnardóttir, 2004). The presence of Papar in Iceland is not supported by any 

physical evidence. 

The settlement coincides with eruptions in Vatnaöldur and Torfajökull in 871±2 (Vö 

871±2), which widespread tephra outputs mark the onset of settlement in the soil 

profiles used in this study. The tephra from the Vö 871±2 eruption, which has been 

dated with the GRIP ice core from Greenland, is also called Landnámslagið or the 

Landnám Tephra (Grönvold et al., 1995). It is widely considered that no sound 

archaeological evidence lies beneath it (e.g. Sveinbjarnardóttir, 2004) although few 

archaeological features, e.g. in Aðalstræti, lie under this tephra (Roberts et al., 2003).  

According to Íslendingabók, Landnámabók, Iceland was fully settled early in the 10th 

century (Benediktsson, 1968). A similar conclusion has been drawn from pollen studies 

or that Iceland was fully settled between two tephra layers, the Landnám tephra and a 

Katla tephra from ca. AD 920 (Hafliðason et al., 1992). Research has shown that the 

settlement was widespread over the country and some even settled into valleys in the 

highland, but they soon became abandoned (Sveinbjarnardóttir, 2004).  

In the oldest known Icelandic history book, written in the years AD 1122-1133, Ari 

Fróði wrote “Í þann tíð vas Ísland viði vaxit á miðli fjalls ok fjöru” or that Iceland used 

to be covered with woodland from mountain to shore (Benediktsson, 1968). Kristinsson 

(1995) has in more recent years described the extent of woodlands that the settlers are 

likely to have found. He suggests that land that reaches above 500-550 m a.s.l. was 

without woodlands and that land between 300 and 500 m a.s.l. was also often woodless. 

He assumes that there was an oceanic treeline at stormy coasts like the Reykjanes 

peninsula and Melrakkaslétta peninsula. Other sites without woodlands would have 

been steep slopes with loose material or areas along glacial rivers that were periodically 

flooded.  



 

Many studies have shown that the settlement had a substantial impact on vegetation and 

its supporting soil in Iceland (e.g. Hallsdóttir, 1987; Þórhallsdóttir, 1996; Erlendsson, 

2007; Vickers et al., 2011), the same has been found with the influence of human arrival 

in Europe in general (Lowe and Walker, 1984). In addition to deterioration in 

vegetation, pollen studies often show a swift change in vegetation composition after 

settlement in Iceland; this change has no paralells in the history of vegetation before 

settlement. At the same time, changes in soil suggest soil erosion, for example in the 

southwest and north of Iceland (Bjarnason, 1972 and 1974; Einarsson, 1957; 

Sigurjónsson, 1958; Þórarinsson, 1961 and 1977; Gísladóttir et al., 2010). 

Changes in vegetation composition after settlement was affected by the decline of taxa 

that does not grow well with human activities, while taxa that benefitted from the 

transformed environment, like e.g. Thalictrum alpinum, expanded (Hallsdóttir, 1987; 

Zori et al., 2013). Like in many other countries after settlement, the trend in Iceland was 

that woodland retreated and was replaced largely by herbs tolerant to grazing and 

exposure (Þórhallsdóttir, 1996).  

It is not debated that Iceland was more vegetated before settlement. On the other hand 

there are uncertainties about how much vegetation cover there was (Þórhallsdóttir, 

1996). Estimates of vegetation cover before settlement in Iceland are from 50% - 70% 

(Þorsteinsson, 1972 and 1981; Einarsson, 1981; Bjarnason, 1942); currently ca. 28% of 

Iceland is vegetated (IGI, 1993). The estimation of the spread of woodlands is 

especially different between studies. As stated above, studies have shown a varying 

estimation for woodland coverage of total land area in Iceland at settlement from 8% - 

39%. (Bergþórsson, 1996; Bjarnason, 1974; Einarsson, 1962; S. Sigurðsson, 1977; 

Þórarinsson, 1961; Þorsteinsson, 1986; Hallsdóttir, 1995; Kristinsson, 1995; Ólafsdóttir 

et al., 2001) with most studies having estimated the cover to have been between 20 and 

30%. Woodlands (natural woodlands and plantations) are now estimated to cover 

around 1% of the country (Bjarnason, 1972; S. Sigurðsson, 1977; Aradóttir and 

Eysteinsson, 2005) which is its postglacial minimum (Aradóttir and Eysteinsson, 2005). 

What today are hayfields, heaths and peatland are more or less man-made ecosystems 

that most likely had trees or shrubs before settlement (Einarsson, 1963; Hallsdóttir, 

1987; Þórhallsdóttir, 1996).  

Most pollen-analysis in Iceland has been done in the vicinity of major settlement farms 

and with single site sampling. These have resulted in interpretations of woodland 

clearance in a matter of decades (e.g. Þórarinsson, 1944; Einarsson, 1961; Hallsdóttir, 

1987). Multisite sampling, close and far from settlement farms, may bring a better 

picture of the true development of woodland after settlement. More recent research has 

indicated that the decline of woodland happened more slowly in the highlands than in 

the lowlands (Erlendsson, 2007). This could be caused by lowlands being more 

populated and because of less grazing of livestock further away from farms 

(Þórhallsdóttir, 1996). Climate could not have been the cause since B. pubescens 

naturally grows better in the warmer lowlands than in the highlands. The places that 

were higher above sea level were therefore the woodland that would normally have 

receded first in colder climates.  
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1.1.5 Causes of post-settlement deforestation  

The causes of vegetation deterioration after settlement are up to debate (e.g. 

Þorsteinsson, 1972 and 1981; Einarsson, 1981; Bjarnason, 1972). Commonly it is held 

that three factors contributed: climate cooling, volcanic eruptions that emit large 

quantities of tephra and agricultural activities, such as grazing and the usage of 

woodland (Þórhallsdóttir, 1996). 

Climate is generally considered to have been rather mild at the time of settlement and 

over the centuries which followed. However, the climate got colder in the late Middle 

Ages, in a period that has been referred to as the Little Ice Age (LIA), a cold period that 

affected most of Europe. It is considered to have started in AD 1250 – 1500 and to have 

lasted until at least ca. AD 1850 (Ogilvie and Jónsson 2000; Axford et al., 2009; 

Gathorne-Hardy et al., 2009; Geirsdóttir et al., 2009). Ogilvie and Jónsson (2000) claim 

that the LIA was not an unique event but rather one of the climate events in history that 

have had some effect on vegetation and the environment in general. 

Some scholars claim that climate deterioration influenced the vegetation decline after 

settlement. Ólafsdóttir et al. (2001) suggest that there was a decline in vegetation prior 

to settlement because of climatic deterioration and that it was only accelerated by 

anthropogenic factors when the vegetation was more fragile. Hallsdóttir (1987), 

Einarsson (1962) and Simpson et al. (2001) also share this view and believe that 

woodland was affected by deterioration in climate prior to settlement that was further 

accelerated by human activities, but perhaps give climate less importance than 

Ólafsdóttir et al. (2001). 

Volcanic eruptions are among factors that can have an impact on vegetation (Edwards et 

al., 2004; Erlendsson et al., 2009). Tephra thickness of ≥10 cm can have an effect on 

low vegetation (Vilmundardóttir et al., 2009) and explosive volcanic eruptions which 

produce massive amount of tephra can also have an impact on woodland like other 

vegetation (Blong, 1984; Guðmundsson et al., 2008). However, B. pubescens is 

considered resilient to tephra depositions (Aradóttir and Eysteinsson, 2005) and some of 

the natural woodlands that yet remain in Iceland are close to the most active volcanos in 

the south of Iceland (e.g. Næfurholtsskógur and Galtalækjarskógur by Hekla, and 

Bæjarstaðaskógur by Öræfajökull) (Þórhallsdóttir, 1996). 

Human impact on vegetation after settlement in Iceland included cutting of woodland 

and replacing vegetation with imported species for cultivation (Hallsdóttir, 1987; 

Erlendsson and Edwards, 2010). Wood was used for building material, charcoal 

production, fuel and more (Arnalds, 1987). At the time of settlement, some settlers 

burned woodland to create space for houses and fields. Iron was sought from bogs in 

Iceland and this industry required large amounts of B. pubescens for charcoal. This and 

the use of B. pubescens for fuel, which increased when climate got colder, had a big 

effect on the woodland (Church et al., 2007). 

After trees were removed, regeneration could be made difficult due to grazing animals, 

especially sheep. The settlers first introduced mammal herbivores to Iceland, rapidly 

building up populations of sheep, goats, pigs, cattle and horses (Amorosi et al., 1997). 

These grazed the land which some plant species, like B. pubescens, are not very 

resilient to (Þorsteinsson, 1986; Brown, 2012). Up to the 20th century, livestock was 



 

grazed all year round and farms had access to communal summer pastures that extended 

up to 500 – 600 m a.s.l. (Thoroddsen, 1919; Friðriksson, 1973). Þorsteinsson (1986) 

conducted a grazing experiment where he showed that after five years of grazing in 

woodland with B. pubescens, that had previously been protected for 70 years, all of the 

B. pubescens seedlings and more than 75% of the young trees under the height of 1 m 

had been killed. This result emphasises the degrading impact of grazing on birch 

woodland.  

1.1.6 Previous pollen-analytical studies in Iceland 

Sigurður Þórarinsson was the first to study pollen in Iceland. Þórarinsson (1944) 

published two pollen diagrams from Þjórsárdalur in the south of Iceland. Einarsson 

(1962) published the first extensive paper on pollen studies in general and the 

vegetation history of Iceland. There he describes the rise and fall of B. pubescens in the 

Holocene as was described previously. It was in 1963 that Einarsson suggested that B. 

pubescens may have survived in some ice-free areas in northern Iceland during the ice 

age, at least in northern Iceland due to its fast migration to areas from where the ice 

retreated. 

Hallsdóttir (1987) examined the influence of settlement on vegetation in her doctoral 

thesis. The decline in Betula after settlement is obvious in her results. Hallsdóttir used 

three locations for her research, one in Reykjavík and two from the south of Iceland. 

The pollen records from the southern locations suggest deterioration in climate around 

500 BC with a cold and humid climate causing a decline in Betula pollen frequencies. 

Shortly before the Landnám tephra there is a rise and fall in B. pubescens pollen. After 

the Landnám tephra the ongoing retreat in B. pubescens woodland is in Hallsdóttir´s 

view, accelerated by human activity. Hallsdóttir´s results show a decline in Betula and a 

subsequent rise in Poaceae after the settlement. Grassland is more suitable for sheep and 

cattle grazing, which were the most common domesticates the settlers of Iceland 

brought with them and pollen studies have often shown a rise in Poaceae after 

settlement (Hallsdóttir, 1987 and 1996). Hallsdóttir´s results show a rapid decline in 

Betula after settlement with most of the decline having taken only about 50 years 

(Hallsdóttir, 1987).  

The theory that B. pubescens may have survived in the last ice age was readdressed by 

Rundgren and Ingólfsson (1999). They found evidence for plant survival through the 

Younger Dryas cooling and suggested that therefore plants may have survived through 

the last glacial period, the Weischselian glaciation. 

Caseldine (2001) argues that the origin of the Icelandic B. pubescens is unknown and 

the problem of distinguishing between B. pubescens and B. nana is brought up. 

Caseldine suggests that the method of using size alone for determining them apart fails 

when B. nana is in its biggest forms and B. pubescens is in its smallest. Table 1 shows 

measurements of Betula pollen (±1σ) from Caseldine´s (2001) study and various 

locations in Iceland. All are based on modern material, except for Hallsdóttir (1990) 

which used representative samples of the Holocene age.  
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Table 1. Measurements of Betula pollen (±1σ) from various locations in Iceland (Caseldine, 2001). 

 

Egill Erlendsson (2007) studied the effects of settlement on vegetation in Iceland. He 

examined three farms, Stóra-Mörk and Ketilsstaðir in south Iceland as well as 

Reykholtsdalur in west Iceland. Ketilstaðir is likely to have been without woodland 

before the settlement and remained so. Erlendsson found that B. pubescens struggled to 

thrive in coastal climates such as around Ketilsstaðir. Erlendsson´s research showed that 

there was a rapid decline in woodlands close to the other settlement farms but further 

away from the farms the woodlands lasted longer, even until the 13th century. 

1.2 The research area 

The research area for this study is Mosfell Valley (64°11, 0596´N ; 21°36, 2288´W, ca. 

19.345 ha) in the southwest of Iceland (Figure 1). From the top of the valley, where the 

watersheds are and to the western end of the valley where it opens to the Faxaflói bay, 

there are ca. 16 km. On the edges of the valley, land degradation and soil erosion are 

visible. Mosfell Valley is believed to have been a glacial lagoon during the last glacial 

maximum and shaped by melt-water. The soil in Mosfell Valley goes deep which 

supports this theory.  



 

 

Figure 1. The study area. Mosfell Valley and sample sites. See Table 2 and text below for site 

desctription. Elevation model is based on information from The National Land Survey of Iceland. 

The elevation has x2 exaggeration.  

The valley has a large area of sloping mire (Bathurst et al., 2010) from where soil 

samples for this study were dug. B. pubescens does not grow well in very steep 

environments with loose materials (Kristinsson, 1995), hence a map of inclination of 

slopes (in degrees) in the Mosfell Valley was made (Figure 2).  

 

 

 

 

 

 

 

 

 

 

Figure 2. Slope in the Mosfell Valley. 
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Historical sources claim that Mosfell Valley was settled during the first phase of 

settlement in Iceland and the work of archaeologists within The Mosfell Archaeological 

Project has provided considerable evidence for an extensive habitation from the early 

settlement era (Byock et al., 2005).  

Nine samples were taken in Mosfells Valley (Figures 1 and 3-4, Table 2) on a transect 

from 10 m a.s.l. at Leirvogstunga to the highest altitude in Sauðafellsflói at 259 m a.s.l. 

(see Table 2). 

 Table 2.  Sample sites. 

 

 

The samples sites for this research are the following (Figures 1 and 3-4 and Table 2): 

Leirvogstunga (LEI) (64°10,83´N ; 21°41,43´W). The sample was taken at ca. 10 m 

a.s.l. in a more densely habited area today than the other samples. The vegetation is 

mostly Deschampsia cespitosa with Salix spp. and Filipendula ulmaria. 

Hrísbrú (HRI) (64° 11,60´N ; 21° 37,57´W). The sample was taken at ca. 55 m a.s.l. on 

a slope facing south. The vegetation close by was mostly Poaceae, Cyperaceae and 

Angelica spp. 

Helgadalur (HEL) (64° 9,48´N ; 21° 35,36´W). The sample was taken at ca. 88 m a.s.l.,  

ca. 2 m from a ditch. The area is hummocky with some old peat pits (Ólafsson, 2012). 

Nearby are many species of trees that have been planted. The local vegetation consisted 

mainly of Poaceae, Cyperaceae, Equisetum arvense and Stellaria media. 

Skeggjastaðir (SKE) (64° 12,09´N ; 21° 33,49´W). The sample was taken at ca. 116 m 

a.s.l., south of the current farm at Skeggjastaðir, which is close to a farm which was 

supposedly one of the first in the valley to be settled. Vegetation in the area was mostly 

Poaceae and Cyperaceae. 

Seljabrekka (SEL) (64° 11,22´N ; 21° 31,32´W). The sample was taken at ca. 175 m 

a.s.l. in a ditch, around 620 m east of the farm Seljabrekka. Intensive horse grazing 

around the site could cause disturbance of surface sediments, although deeper 

stratigraphy seemed intact. The most common vegetation was Poaceae and Cyperaceae. 

Stardalur (STA) (64° 12,51´N ; 21° 28,89´W). This sample was taken at ca. 180 m a.s.l. 

from a deep ditch within a hayfield by a farm located ca. 370 m to the north. There is 

water running in the ditch. The field has peat underneath it but is drier at the top. The 

vegetation around the ditch was mostly Poaceae, Cyperaceae and Rumex acetosella.  

Place name Site code m a.s.l. 

Leirvogstunga LEI ca. 10 

Hrísbrú HRI ca. 55 

Helgadalur HEL ca. 88 

Skeggjastaðir SKE ca. 116 

Seljabrekka SEL ca. 175 

Stardalur STA ca. 180 

Bugðuflói BUG ca. 230 

Litla Sauðafell LSAU ca. 241 

Sauðafellsflói SAU ca. 259 



 

Bugðuflói (BUG) (64° 12,26´N ; 21° 27,25´W). The sample was taken at ca. 230 m 

a.s.l. from a bank of a small stream north of Leirvogsvatn (Figure 1). The ground 

around the sampling site is quite flat. Vegetation in the area was, for example, Poaceae, 

Cyperaceae, Betula nana, Salix phylicifolia and Vaccinium spp. 

Litla-Sauðafell (LSAU) (64° 12,33´N ; 21° 23,48´W) is to the south of SAU, beyond 

the Litla-Sauðafell hill which is ca. 150 m away. Its elevation was ca. 241 m a.s.l. where 

the sample was taken from the bank of a stream close to a road (ca. 60 m). The 

vegetation around it was mostly Poaceae, Cyperaceae, Equisetum arvense and 

Taraxacum spp. 

Sauðfellsflói (SAU) (64°13,45´N ; 21°23,65´W) was taken at the highest elevation 

sampled or at ca. 259 m a.s.l. and most likely furthest away from farms in operation 

over the research period. The vegetation around it when dug was mostly Poaceae and 

Cyperaceae.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Sample sites. From left to right: SKE, HEL, SEL and LEI. 
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Figure 4. Sample sites. From left to right: SAU, LSAU, STA and BUG. 

1.2.2 Climate 

Tritherm temperature for Mosfell Valley was estimated (see Figure 5). This was done 

by using weather information from the nearest weather station to Mosfell Valley that 

measures temperature which is the Kjalarnes weather station (1998 – 2012; ca. 55 m 

a.s.l. and ca. 4 km from Mosfell Valley; Icelandic Meteorological Office, n.d.). The 

temperature for the valley was reconstructed by using inverse distance weighting (IDW) 

interpolation in relation to contour lines in ArcGis 10 software by ESRI. Since the sites 

for investigation in Mosfell Valley reach from below and above the elevation of the 

weather station in Kjalarnes, the estimation was based on a 0.65°C drop per 100 m 

(moist adiabatic rate). The tritherm at the sample sites was calculated as being between 

9.5-11.2°C and according to Jónsson (2005) and Wöll (2008) B. Pubescens should 

hence not recede in the area, and should be able to regenerate and expand at all sites 

according to Jónsson´s (2005) threshold standards. 

  



 

 

Figure 5. Reconstructed tritherm for Mosfell Valley from 1998 - 2012. 

 

Sunlight is necessary for the growth of B. pubescens. Maps that show the aspects of 

hills and hillshade in Mosfell Valley were made (Figures 6-10) for evaluation of the 

difference in insolation in the valley. 
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Figure 6. Aspects of hills in the Mosfell Valley. 

 

 

 

Figure 7. Hillshade with sun from the east 30°.  

  



 

 

Figure 8. Hillshade with sun from the west 30°. 

 

 

 

 

 

Figure 9. Hillshade with sun from the east 20°. 



17 

 

 

Figure 10. Hillshade with sun from the west 20°. 

 

The maps were made in ArcGis 10 software from ESRI utilizing altitude information 

from the National Land Survey of Iceland (n.d.; Landmælingar Íslands) with ArcGis 

geoprocessing tools “Hillshade”, “Aspect” and “Slope”. No significant slopes seem to 

be at the sample sites themselves but there are steep hills in some parts of the valley. 

Shadows are on some parts of Helgadalur when the sun is at 30° and covers the 

Helgadalur valley when the sun comes from the east at 20° as the mountain Flatafell 

puts a shadow on the valley. Aspect differs between sample sites. Most sun reaches hills 

that lean towards the south. The hills where the HRI sample was taken at the settlement 

farm Mosfell, supposedly the first or one of the first farms in Mosfell Valley (Zori, 

2010), have significantly south-facing hills.  

1.2.3 Soil 

Soil is another important factor for the growth of B. pubescens. Woodland is also 

important for soil stabilization (Gathorne-Hardy, 2009). Deforestation on the other hand 

increases soil erosion and effects landscape stability and ecosystem resilience 

(McGovern, 2007; Arnalds and Kimble, 2001). The trend for soil prior to settlement in 

Iceland is good soil quality, high in organic content (OC) and soil moisture content 

(SMC), which reflects a stable ecosystem. After settlement, more instability is observed 

and there is often a decrease in OC and SMC as well as an increase in dry bulk density 

(DBD) and soil accumulation rates (SAR) (Gísladóttir et al., 2010). An even greater 

disturbance is observed leading up to the LIA (Gísladóttir, 1998; Ólafsdóttir and 

Guðmundsson, 2002; Geirsdóttir et al., 2009; Gísladóttir et al., 2010). When plants are 

removed from the soil, the exposed soil is eroded more easily and transported to other 

places. In sink areas, often wetlands, soil OC becomes reduced resulting in increased 

DBD of the soil. Commonly the result is an increase in SAR in such sink areas 

(Gísladóttir et al., 2010; Gísladóttir et al., 2011). 



 

Increased soil erosion results in the transfer of large amounts of relatively unweathered 

material. The mineral fractions that accumulate in soil under such conditions are 

characterized by higher proportions of metal elements, mostly sodium (Na), potassium 

(Ca) and magnesium (Mn). Metal elements are observed by measuring magnetic 

susceptibility (MS) in the soil cores from Mosfell Valley. Periods of reduced soil 

erosion on the other hand coincide with higher values of organic carbon that have low 

MS values (Lowe and Walker, 1984). 

Icelandic soils are dominated by the soil type Andosol, which are easily eroded. 

Andosol consists of a mixture of aeolian sediment and volcanic ash. They are 

lightweight which causes them to be easily wind-transported, contributing to the soil 

erosion. Only 4% of Iceland is free of erosion and this area is mostly confined to the 

remaining woodlands and cultivated land (Arnalds et al., 1997).  

All of the soil cores examined in this study were analysed for tephra layers, colour and 

fibrosity. For all sites but two (HRI and SEL) the soil and pollen data came from the 

same core. Hrísbrú (HRI) and Seljabrekka (SEL) had been collected earlier and 

prepared for pollen analysis in association with the Mosfell Archaeological Project 

(Zori et al., 2013; Erlendsson et al., 2014). For SEL, a new core had to be collected to 

analyse soil proxies and measure MS. The same was attempted for HRI but that core 

turned out to be of insufficient quality. 

The results for the soil proxies are shown in Appendices 1-8 and for the MS 

measurements in Chapter 2.3.3. Generally the results showed higher MS values after 

settlement. Changes in fibrosity were not substantial in the cores. The colour of the soil 

was often redder and lighter in colour after settlement then before it. Icelandic soils are 

rich in Iron (Fe) (Arnalds, 2004), which affects the colour of the soil. Well oxidised iron 

compounds impart bright reds and browns to the soil, in contrast to reduced iron 

compounds which impart grey and bluish colours to poorly drained soil. Oxidation is 

enhanced. The reddish colour may indicate increased eolian deposit originated from 

exposed soil surfaces in the area that cause disturbed water cycling which enhances 

oxidation. Enhanced by the increased oxygen concentration organic Carbon (OC) 

deteriorates and the dark colour of the organic matter that coat soil minerals, become 

lighter in colour (Brady and Weil, 2010).  

Jónsson (2013) studied the influence of people and climate on mires in Mosfell Valley 

over the last 3600 years and used seven of the nine soil profiles used in this research. 

Those were HEL, SKE, SEL, STA, BUG, LSAU and SAU. Jónsson´s research showed 

that SAR increased in the period between settlement and AD 1500 in all soil profiles 

except for in LSAU and SAU, from the highest altitudes and further away from the 

main settlement areas. The SAR observed were between ca. 0.15 and 0.2 mm/yr over 

the 1500 years before settlement but after settlement and until AD 1500 the rates were 

between ca. 0.2 and 0.8 mm/yr. Zori (2010) observed that SAR in most areas in Mosfell 

Valley from the 9th century until the mid-13th century were approximately 0.3 – 0.6 

mm/yr. Some of his samples showed up to 2 mm/yr. There was a decrease in SMC and 

OC as well as an increase in DBD at all sites examined by Jónsson (2013).  
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1.2.4 History 

If human occupation had an effect on the woodlands in Mosfell Valley, the timing of 

their arrival is needed to find the line between solely environmental factors and then 

added human influence on the woodlands. The work of archaeologist from The Mosfell 

Archaeological Project (MAP) has provided considerable evidence for an extensive 

habitation from the early settlement era (Byock et al., 2005). 

In Landnámabók, a chronicle about the Norse settlement of Iceland, yet compiled some 

250 – 300 years after this event, Þórður Skeggi is said to have been the first settler in 

Mosfell Valley and to have resided at Skeggjastaðir, while archaeological, historical and 

place name evidence suggests that Mosfell was the first farm. As part of MAP, a 

timeline was created from relational dating in the sagas and Landnámabók which shows 

Þórður Skeggi arriving in Mosfell Valley around 900 AD (Zori, 2010). There are 

reasons to distrust some accounts in Landnámabók, including the possibility of 

deliberate manipulation and filling of gaps by speculative use of the then-surviving 

place names (McGovern et al., 2007). The land by where the original Mosfell farm is 

believed to have stood until the 12th century, which now carries the farm Hrísbrú, 

seems like a superior place for a farm to Skeggjastaðir for the settlers. The land faces 

south (see Chapter 1.2.2) and has a good view over the valley and the sea. On the other 

hand, Skeggjastaðir most likely had less woodland cover making it easier to settle and 

farm. According to Vésteinsson (1998), first farms may have been established in areas 

with the least woodland. There was also a river next to Skeggjastaðir that supported 

salmon, which may have provided some attraction (Zori, 2010).  

Zori (2010) examined place name evidence in Mosfell Valley, in relation to the valley’s 

cultural landscape. He finds that place name evidence suggests that there were more 

farms in the valley in the centuries following settlement than have been recorded in 

medieval texts. By using place name evidence he suggests that Helgadalur and 

Leirvogstunga were probably early settlement farms, but inferior to Mosfell (now 

Hrísbrú), while farms that end with the suffix –staðir: Skeggjastaðir, Hraðastaðir and 

Æsustaðir, form a secondary sequence within the hierarchical order of farms and were 

established later but before AD 1000. Archaeological evidence supports the place name 

theory and show a very early settlement at Mosfell/Hrísbrú, Skeggjastaðir, 

Leirvogstunga and Helgadalur (Zori, 2010). Hrísbrú, Minna-Mosfell, Laxnes, 

Hlaðgerðarkot and Norður-Reykir are believed to have been tertiary settlements made 

between the 12th and the 16th century. In the 12th century, Hrísbrú had succeded 

Mosfell which had moved to a close location.  

There are historical sources that suggest that woodland declined after Mosfell Valley 

was settled. Máldagar are the inventories of churches from medieval age to the pre-

modern period. These detail for example the churches’ ownership of, or access to, 

resources such as woodland. Sometimes, churches would have ownership of distant 

woodlands. This was the case for at least one monastery and one church close to 

Mosfell Valley. In AD 1284, the Viðeyjarklaustur monastery on the island Viðey, 

offshore from Reykjavík, had access to three areas of woodland in Skorradalur, west 

Iceland, as well as rights to use woodland in Hvaleyri, south of Hafnarfjörður. Another 

máldagi from AD 1397 details that a church on another island, Þerney, close to 

Leiruvogur (ca. 3 km), had access to woodland in Skorradalur. The fact that churches 

were interested in such remote woodlands suggests that woodlands were getting scarce 



 

closer to the churches at the time that the inventories were written (Hafsteinsdóttir, 

1995).  

In the Jarðabók (land registry), compiled by Árni Magnússon and Páll Vídalín over the 

period 1702 to 1714, there are descriptions of farms in Iceland and various states and 

uses of woodlands. There is often mention of over-crowding on land and devastation of 

vegetation. When these informations were compiled for the Mosfell Valley in 1704, 

there was only one farm in the whole of Mosfellssveit, and none in the Mosfell Valley 

itself that had woodland within its land. According to the Jarðabók, many farmers in 

south of Kjósarsýsla were renting land from Bessastaðir and one of the chores that came 

with the rent was paying in brushwood. The chore for each farmer was usually to bring 

two horse-loads of brushwood (Magnússon and Vídalín, 1918-21). 

Magnús Grímsson, a preast at Mosfell in the mid-19th century, describes the area Víðir 

in Mosfell Valley below Mosfell as a big flat land, which is primarily a mire with plenty 

of hummocks. He writes that the name Víðir most likely comes from the fact that this 

bog is such an extensive flat land, the greatest of its type in the valley. Magnús explains 

that at the time of writing, Víðir is covered by grass but is very wet and hard to traverse. 

He also explains that it is a good land for taking peat. Magnús does not mention any 

woodland and it does not seem to come to his mind. Víðir can among other meanings 

mean willow, woodland, or wide (Hafsteinsdóttir, 1995; Árnason, 2007). In the last 

decades there have been more trees in this area between Suðurá and Kaldakvísl 

(Hafsteinsdóttir, 1995). The area is now mostly used for horticulture. 

1.3 Methods 

1.3.1 Pollen analysis 

Peat cores that were dug in Mosfell Valley were used for the study of pollen and 

sediment. Sediment for pollen samples were cut from all peat cores except for HRI and 

SEL which had already been prepared (Zori et al., 2013; Erlendsson et al., 2014). The 

pollen preparations were performed following standard guidelines provided by Moore et 

al. (1991). The pollen was counted under a light microscope. Lycopodium clavatum 

spores were counted from each sample and B. pubescens pollen in comparison to view 

influx rates from each sediment unit. Some of the B. pubescens pollen were deteriorated 

or non-triporate and were counted as such. B. pubescens pollen influx (birch pollen 

influx, BPI) data and graphs of the data were produced in the computer software Tilia. 

The influx of B. pubescens pollen was related to an age-depth scale to show changes in 

BPI values over the study period. 

1.3.2 Chronology 

In Iceland it is common to use tephrochronology to date stratigraphic layers. The 

country is on a volcanic hot spot which means that eruptions are rather common. 

Tephrochronology is a relative dating method that uses tephra layers to date the 

stratigraphic layers found in the soil. Tephrochronology permits dating of particular 

sediment layers by interpolating the ages in between tephra. This project relies on 



21 

previously constructed tephrochronology in the Mosfell Valley and elsewhere in 

southwest Iceland.  

Tephra can be connected to a specific volcano by looking at its geochemical 

composition, for each tephra coming from the same volcanic system, and sometimes 

eruption, has its unique “footprint” in its geochemical composition, shape, thickness, 

coarseness and sharpness of grains. The tephra and the eruption it came from can then 

be cross-referenced with literary sources that connect it to a specific date in time 

(Dugmore et al., 2004). The most common way tephra layers of post-settlement age 

have been dated is by historical sources (e.g. Þórarinsson 1967 and 1975), radiocarbon 

dating (e.g. Dugmore et al., 1995) or from Greenland ice cores (e.g. Grönvold et al., 

1995). It is believed that tephra layers have been confused with each other in the past 

which confuses dating of sediment, showing how crucial accurate dating of them is 

when employed in the age modelling of sediment sequences (Dugmore et al., 1995). 

Some of the tephra are well studied and published in literature. The main volcanic 

eruptions in southwest Iceland have been identified, dated and analysed. Their 

distribution and deposition in the sediments have also been mapped. These maps are 

based both on various techniques in stratigraphic studies and on historical contemporary 

documents (e.g. Þórarinsson, 1944, 1967, 1975; Grönvold et al., 1995; Larsen and 

Eiríksson 2008). The following tephra layers were used for the chronology in this study: 

Katla ~1500 (ca. AD 1500): This is a dark coloured tephra from Katla. So far no 

documents have been found recording this eruption but its position in the soil in relation 

to Hekla 1510 suggests its age to be AD 1485 ± 10 (Þórarinsson, 1967). It is refered to 

as Ka ~1500 in the text (cf. Hafliðason et al., 1992). 

Vö 871±2 - Landnám tephra (ca. AD 871): This layer consists of tephra from 

Vatnaöldur and Torfajökull. It is also called the VIIa+b layer. This tephra layer has 

special characteristic with its light colored lower part (VIIb) and dark colored upper part 

(VIIa) (Hallsdóttir, 1987). Ice core chronology from Greenland icecore CRETE dates it 

back to AD 871±2. Its distribution covers a large part in the southwest part of Iceland 

but the darker upper part is distributed over a larger area (Grönvold et al., 1995). 

Katla-N (ca. 1590 BC): This tephra is dated to ca. 1590 BC (Róbertsdóttir, 1992; see 

also Erlendsson, 2007). This dark-coloured and fine-grained tephra from Katla forms a 

thick layer in the Mosfell Valley and elsewhere in SW Iceland (e.g. Gísladóttir et al., 

2010). It is referred to as Ka-N in the text.  

1.3.3 Magnetic susceptibility 

To explore temporal changes in soil erosion in the valley, the cores were measured for 

magnetic susceptibility (MS). A disturbance of soil and vegetation can cause increased 

soil erosion, the transfer of relatively un-weathered material to other places. The surface 

soils where these materials are deposited therefore receive more metal elements, and are 

hence more suspect to magnetic exposure. MS values can therefore help to find periods 

of increased soil erosion and disturbance (Dearing, 1999; Erlendsson, 2007). 



 

1.4 Research conclusions together with 
Jónsson´s (2013) from the Mosfell Valley 

This chapter is based on results from chapter 2 in the thesis and Jónsson’s (2013) 

conclusions. All soil profiles showed lighter sediment and some redder above the 

Landnám tephra, some instantly, and others later in the research period. This indicates 

lower OC and increased disturbance of the soil. The soil cores generally had lower SMC 

and higher DBD and SAR. pH levels in the soil samples did not show any noticeable 

trend between periods. All of the soil samples show higher MS after settlement, 

possibly except for SAU and a substantially higher MS after Ka ~1500. Betula influx 

rates are lower in all samples after settlement except for in BUG. 

LEI: The soil core becomes lighter and redder in colour in the latter half between the 

Landnám tephra and Ka ~1500. MS values are higher after settlement and higher yet 

after Ka ~1500. In LEI there was a distinctive decrease in Betula pollen influx above the 

Landnám tephra and these values remained low over the post-settlement period.  

HRI: The HRI sample showed a decrease in Betula pollen influx before the settlement 

layer and few pollen were found after it.  

HEL: There is some increase in DBD after the settlement layer. It never gets very high 

however. The OC decreases from 80 – 60% in the period between a tephra layer from 

Hekla in ca. 590 BC and the Landnám tephra, to 60 – 20% between the Landnám tephra 

and Ka ~1500. Right after settlement the OC decreases from ca. 65% to ca. 20% but 

soon increases again. SAR increase after settlement from 0.1 mm to 0.25 mm per year, 

but the post-settlement rates were similar to rates before 590 BC. The colour of the soil 

becomes more reddish and lighter after settlement than before it, which shows that more 

oxygen got into the soil and soil OC was reduced. pH remained fairly stable (Jónsson, 

2013). MS values get higher after the Landnám tephra but decrease after that and are 

not much higher than before landnám until after Ka ~1500. Betula pollen influx rates 

decrease drastically after the Landnám tephra and remain low after that. 

SKE: There is a quick change in DBD, and SMC and OC after settlement. DBD 

increases while SMC and OC decrease. Soil thickening rates also increase. The colour 

of the soil becomes lighter after settlement, an indication of reduced OC, but pH does 

not change much over the study period (Jónsson, 2013). MS values are somewhat 

higher after the Landnám tephra, but they get substantially higher after Ka ~1500. Birch 

influx values start to decrease before the Landnám tephra, they recover somewhat but 

slowly get lower again, to very low levels. 

SEL: After settlement the DBD increases slightly while SMC and OC decrease by 

almost a half. The pH values drop after settlement. SAR increases after settlement 

(Jónsson, 2013) and the soil becomes lighter in colour after settlement. MS values do 

not change much but slowly get higher, and escalate after Ka ~1500. The birch pollen 

influx change is similar to that of SKE. 

STA: After settlement DBD increased slowly, while SMC and OC decreased. Higher 

pH values are observed after settlement. SAR increases (Jónsson, 2013) and the colour 

of the soil turns more yellow and is also lighter in colour after settlement. Sometimes 



23 

both before and after settlement the soil is less fibrous then other soil cores sampled, 

indicating increased decay of organic matter. MS values increase somewhat after AD 

1000 but highest values are after Ka ~1500. At STA there was very little birch pollen 

found, but recordings of birch pollen were reduced after settlement. 

BUG: After settlement, DBD and SAR increase slightly while SMC and OC decrease 

somewhat. The pH values only increase close to Ka ~1500 (Jónsson, 2013). Colour 

becomes slightly lighter and redder in the period between settlement and 1500. MS 

values first get very high in AD 1400. BUG is the only sample that showed an increase 

in Betula pollen rates after settlement. First there was a small reduction at BUG but at 

ca. AD 1100 – 1150 the birch pollen influx was the highest recorded after which the 

influx rates decrease slowly until there are only few pollen detected and the fewest are 

found right before Ka ~1500.  

LSAU: After only a subtle change in soil proxies after the settlement, there is a large 

increase in DBD at the end of the period, in the late Middle Ages, where it doubles to 

what it was before settlement. Similarly drastic changes are observed in SMC and OC 

which decrease by half. SAR does not change much however and only minimal rise in 

pH is observed (Jónsson, 2013). The soil was slightly darker before the Landnám 

tephra. The MS values get slightly higher after settlement, with the largest increase after 

Ka ~1500. In LSAU there was very little birch pollen found before and after the 

Landnám tephra but birch pollen counts were nonetheless reduced after settlement. 

SAU: The changes after settlement are very limited in all proxies. However, they were 

similar to the other samples, with a slight increase in DBD and a decrease in SMC and 

OC. Post-settlement SAR, pH and colour retained the pre-settlement measures. The MS 

values do not get substantially higher until after Ka ~1500, pointing to a relatively 

stable environment. The Betula pollen influx is less after settlement and especially low 

between AD 1000 and 1300. 
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2.1 Abstract 

This study examines the development of woodland in Mosfell Valley (Mosfellsdalur) in 

the southwest of Iceland around and after the Norse colonisation. Palynology is used on 

a total of 9 peat samples distributed over an altitudinal transect stretching from the shore 

(10 m a.s.l.) to the interior hinterland (max 259 m a.s.l.), thus covering the inhabited and 

farmed lowland and the upland pastures. This approach significantly enlarges the 

element of space in comparison with previous conventional single-site pollen studies. In 

addition to the use of pollen-analysis, this study uses magnetic susceptibility (MS) to 

evaluate landscape stability in relation to woodland development as well as colour and 

fibrosity analysis for indication of organic content (OC). Reconstruction of spatio-

temporal changes in woodland coverage in the valley throughout the research period is 

made visual using geographical information systems (GIS). The results show that birch 

pollen influx (BPI) values in Mosfell Valley reduced by ca. 67% in soil samples dating 

from before settlement and from settlement until AD 1500. Soil samples from before 

settlement and from AD 900-950, which is soon after settlement, show a swift change in 

BPI values that are redused by 68%, with most of the reduction being close to farms in 

the lowlands. Disturbance of the environment is evident in the soil, showing higher MS 

values and colour that is lighter and redder. The woodland in Mosfell Valley retreated 

fast close to farms in the lowlands after settlement. Woodland remained longer in the 

higher altitudes and there may even have been some management undertaken to 

preserve the remaining woodland. The woodlands in the higher altitudes eventually 

retreated as well, probably as a result of over-exploitation, although it may also have 

been influenced by a deteriorating climate. Woodlands in the Mosfell Valley had 

probably become extinct from the area around AD 1500 when the Little Ice Age, a 

period of cooling, is believed to have started. 

 



 

2.2 Introduction 

According to Landnámabók, Iceland was covered with trees from mountains to shore at 

the time of settlement (Benediktsson, 1968). The book was written by Ari the Learned 

(1068-1148) about 200-300 years after the beginning of settlement which is traditionally 

said to have been settled by the Norse in ca. AD 874 (see e.g. Eldjárn, 1956; 

Sveinbjarnardóttir, 2004; Vilhjálmsson, 1991). That is however of debate. There are 

sources that claim that Irish monks occupied the country before the Norse, yet only 

limited archaeological evidence exists for any occupation pre-dating a tephra layer 

called “Landnám tephra” that was deposited close to this time, in AD 871±2 ( rönvold 

et al., 1995; Sveinbjarnardóttir, 2004; Roberts et al., 2003). Similarly, palaeoecological 

evidence for occupation pre-dating this tephra is scant and tentative (Haraldsson, 1981; 

Hallsdóttir, 1987; Zori et al., 2013; Erlendsson et al., 2014).  

Iceland is said to have been fully settled in ca. 60 years according to Íslendingabók, 

Landnámabók (Benediktsson, 1968). The results of palaeoecological and archaeological 

work in southern and northern Iceland imply the same, or that the Icelandic lowland had 

become extensively settled in a relatively short period of time. In the case of south 

Iceland, palaeological work has shown that much of the settlement-time woodland 

retreated over a period constrained by two tephra layers, the Landnám tephra and a 

Katla tephra from ca. AD 920 (Hafliðason et al., 1992; Hallsdóttir, 1987; Erlendsson, 

2007).  

Whether Ari´s claim was correct, or close, remains uncertain. Studies have shown 

varying estimates for woodland coverage in Iceland at the time of settlement, from 8 – 

39%. Most estimates, however, are in the range of 20 – 30%. These studies are based on 

pollen analysis, historical records, place names, current distribution of woodlands and 

modelling of inferred past climatic conditions (Bergþórsson, 1996; Bjarnason, 1974; 

Einarsson, 1962; Ólafsdóttir et al., 2001; S. Sigurðsson, 1977; Þórarinsson, 1961; 

Þorsteinsson, 1986; Hallsdóttir, 1995; Kristinsson, 1995).  

Betula pubescens Ehrh. (downy birch) was and is the only species to provide continuous 

woodland coverage in Iceland. The extent of the B. pubescens woodlands in Iceland 

after the last ice age fluctuated in tandem to climate according to pollen research 

(Einarsson, 1963) and it is only after ca. AD 870 that human influence first comes into 

the equation. Climate is an important factor in both B. pubescens growth and pollen 

production. Increased pollen in a sediment interval can hence mean increased number of 

flowering individuals while also, or even only, an increase in pollen production (Autio 

and Hicks, 2004). If there is a sudden increase in B. pubescens pollen in sediments it is 

perhaps more likely to reflect an increase in pollen production, since vegetation 

response to climate change is usually believed to be slow (Prentice, 1986; Körner, 

1998). 

Jónsson (2005) suggests that B. pubescens in Iceland advances when the local tritherm 

(three warmest months of the year) exceeds 9.2°C, which he finds is the threshold for 

sexual regeneration, and recedes when the tritherm temperature falls below 7.6°C. 

Woodland extent should hence remain stable between those temperatures according to 

Jónsson (2005). Wöll (2008) comes to a similar conclusion for the threshold for B. 

pubescens receding or that it is tritherm temperature of 6.9 and 7.2 °C for the coastal 



37 

and inland part of Iceland respectively, and that the threshold of 7.9°C is valid for the 

whole country. According to Wöll (2008) these thresholds mean that 40% of Iceland 

has the potential to support B. pubescens growth and 24% could support B. pubescens 

woodlands, which are considered as B. pubescens above 2 m in height (Wöll, 2008). 

Similarly, Jónsson (2005) claims that B. pubescens woodlands could today grow on ca. 

25% of Iceland’s land area. These results are also close to the most common estimates 

of other studies previously mentioned. These percentages would include all land except 

for where the soil is too moist for B. pubescens growth (Wöll, 2008).  

Woodland extent is furthermore influenced by seasonal and diurnal amplitudes of 

temperature, duration of growing season, solar angles and peak radiation (Körner, 

1998). Wielgolaski (2003) found that high humidity can increase the time of leaf bud 

break in B. pubescens, hence prolonging its growing season. Another factor that 

influences B. pubescens growth is oceanity as it does not grow well in oceanic 

environments. Observations of the mountain B. pubescens belt in Fennoscandia have 

e.g. shown that its width decreases with oceanity from west to east (Treter, 1984).  

At present the woodland coverage (natural woodlands and plantations) in Iceland is at 

its postglacial minimum of just over 1% of total land area (Aradóttir and Eysteinsson, 

2005; Bjarnason, 1972; S. Sigurðsson, 1977). The view for post-settlement woodland 

has been that it retreated in a matter of decades (Þórarinsson, 1944; Einarsson, 1961; 

Hallsdóttir, 1987). Recent palaeoenvironmental work in Mývatnssveit (Lawson et al., 

2007, 2010) and Reykholtsdalur (Gathorne-Hardy et al., 2009; Erlendsson et al., 2012) 

has contradicted this view. Contrary to the majority of palynological and other 

palaeoecological work, both of these were undertaken some distance (ca. 2 km) away 

from major settlement farms. Both used lake sediment which receives significantly 

more pollen from a larger surrounding area, giving a better picture of the area as a 

whole than a single peat section, which have been more commonly used. These studies 

showed that woodland lingered longer after settlement in those more remote areas. This 

suggests an overall more complex pattern of woodland disappearance than the previous 

theory of equilibrium-disturbance-equilibrium around settlement (cf. Hallsdóttir, 1987). 

Early pollen studies were focused on places close to supposed major settlement farms 

where human influence can be expected to be the greatest. These helped with 

constructing the picture of how the settlers converted land to suit agriculture, but may 

have produced a distorted image of environmental changes when used to represent the 

wider environment.  

The focus of this study is the development of woodland after settlement within a 

defined area, the Mosfell Valley in southwest Iceland (Figure 11). The study is designed 

to answer how and why the woodlands extent changed in the valley after settlement by 

producing a landscape-scale reconstruction of post-settlement woodland development in 

the study area. This is done by employing a multi-site pollen-analytical work over an 

environmental and altitudinal gradient from the coast (Leirvogstunga) to the eastern, 

upper boundary of the Mosfell Valley (Figure 11). This approach has not been used 

before in Iceland where, traditionally, single sites have been used to represent larger 

areas. In addition, the relationship between landscape stability and woodland coverage 

is studied by the measurements of magnetic susceptibility (MS) over the same transect 

as well as an analysis of color and fibrosity for indication of organic carbon (OC). The 

regional tephrochronology in the Mosfell Valley (Erlendsson et al., 2014) and southwest 

Iceland in general (e.g. Hallsdóttir, 1987; Hafliðason et al., 1992; Gísladóttir et al., 



 

2010) allows for accurate comparison of change between the study sites. The 

reconstruction of spatio-temporal changes in woodland coverage in the valley 

throughout the research period is made visual using geographical information systems 

(GIS). 

 

Figure 11. The Mosfell Valley. 

 

2.3 The research area  

The research area in the Mosfell Valley (64°11, 0596´N ; 21°36, 2288´W) (Figure 11) is 

ca. 20.000 ha in size. The distance from the valley’s eastern watershed to the western 

end of the valley where it opens on to the Faxaflói bay, is ca. 16 km. On hills and 

slopes, land degradation and soil erosion are visible.  

The upper part of Mosfell Valley is made of quaternary diabase and the lower half is 

made of tertiary basalt. Geologists believe that Mosfell Valley supported a glacial 

lagoon towards the end of the last ice age and that when glaciers retreated, the land rose 

and rivers and streams shaped the land and brought in sediment. Deep, soft sediments in 

Mosfell Valley support this theory (B. Sigurðsson, 1977). The Mosfell Valley has a 

large area of sloping mires (Bathurst et al., 2010), from where peat sections were sought 

for this study for their ability to preserve pollen.  

The weather station in Stardalur (Figure 11), Mosfell Valley, measured precipitation 

from 1964-2007 (Table 3), and the nearest weather station that measures temperature is 

Kjalarnes weather station (1998-2012; ca. 55 m a.s.l. and ca. 4 km from Mosfell Valley) 

(Table 4). The mean average precipitation of 1496 mm was considerably higher than 

e.g. the weather station in the capital of Iceland, Reykjavík measured (1931-2000; ca. 

13 km from Mosfell Valley) (Table 3), most likely because of higher altitude and 

dominating wind direction which is southeasterly in both places as in most of Iceland, 

which means that it goes straight into the valley (Icelandic Meteorological Office, n.d.; 

B. Sigurðsson, 1977).  

The temperature for the valley was reconstructed according to moist adiabatic lapse rate 

(Pétursdóttir, 2014; see Table 5). The lowest tritherm temperature found for a sample 

site exceeds 8°C, and is hence within the thresholds of B. pubescens receding according 
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to Jónsson (2005) and Wöll (2008). All of the sites have tritherm temperatures that are 

above 9.2°C according to the reconstruction and should hence support sexual 

regeneration of B. pubescens (cf. Jónsson, 2005).  

Table 3. Precipitation (mm) in Stardalur and Reykjavík. 

 

 

 

 

 

(Icelandic Meteorological Office,,n.d.)   

 

Table 4. Temperatures (°C) in Kjalarnes and Reykjavík.  
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Place name June July August 

Stardalur 86.3 90.4 114.4 

Reykjavík 44.6 49.9 61.3 

Place name June July August 

Kjalarnes 10.3 11.9 11.6 

Reykjavík 9.4 11.1 10.7 



 

Table 5. Altitude, coordinates and reconstructed temperatures (°C) at sample sites. 

 

B. Sigurðsson (1977) claimed that some parts of Mosfell valley are covered by shadows 

some parts of the year. Images showing shadows at different solar angles in Mosfell 

Valley were made in ArcGis from ESRI to test this claim. Calculation of slope and 

aspects (slope direction) were also made as birch does not grow well in steep 

environments and insolation differs from the aspect of land. There are shadows on some 

parts of Helgadalur when the sun is at 30° and a shadow from the mountain Flatafell 

covers the Helgadalur valley at 20° when the sun is east of the valley. No significant 

slope variations are at the sample sites themselves, although most were close to some 

slope except for BUG that had a very flat land around it. Aspect of land differs at 

sample sites. Most sun reaches hills that lean towards the south, and the hills where the 

HRI sample was taken, where one of the first farms in Mosfell Valley is believed to 

have stood has significantly south-facing hills (Zori, 2010; for Figures see Pétursdóttir, 

2014). 

The Valley is believed to have been settled early in Iceland´s settlement period. Zori 

(2010) examined place name evidence in Mosfell Valley, in relation to the valley’s 

medieval cultural landscape. He finds that place name evidence suggests that there were 

more farms in the valley then have been found in medieval texts. Zori constructed maps 

of farms in Mosfell Valley in the Middle Ages, based on his research, as part of the 

MAP project on which farms placings are based on in the maps in Chapter 2.3.3. By 

Place name 
Site 

code 
Coordinates m a.s.l. June  July  August  Tritherm 

Leirvogstunga LEI 
64°10,831´N ; 

21°41,433´W 
c. 10 10.3 12 11.7 11.2 

Hrísbrú HRI 
64°11,106´N ; 

21°37,952´W 
c. 55 9.9 11.6 11.3 10.9 

Helgadalur HEL 
64°09,480´N ; 

21°35,361´W 
c. 88 9.7 11.4 11 10.7 

Skeggjastaðir SKE 
64°12,092´N ; 

21°33,491´W 
c. 116 9.1 10.8 10.5 10.1 

Seljabrekka SEL 
64°11,221´N ; 

21°31,322´W 
c. 175 9.5 11.2 10.9 10.5 

Stardalur STA 
64°12,510´N ; 

21°28,897´W 
c. 180 9 10.7 10.4 10 

Bugðuflói BUG 
64°12,258´N ; 

21°27,245´W 
c. 230 8.9 10.6 10.2 9.9 

Litla Sauðafell LSAU 
64°12,327´N ; 

21°23,483´W 
c. 241 8.7 10.4 10 9.7 

Sauðafellsflói SAU 
64°13,445´N ; 

21°23,646´W 
c. 259 8.5 10.2 9.9 9.5 
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using place name evidence Zori suggests that Helgadalur and Leirvogstunga were 

probably early settlement farms, but secondary to Mosfell (now Hrísbrú), while farms 

that end with the suffix –staðir: Skeggjastaðir, Hraðastaðir and Æsustaðir, form a 

tertiary sequence of the hierarchical order of farms. Archeological evidence supports the 

place name theory and show a very early settlement at Mosfell/Hrísbrú, Skeggjastaðir, 

Leirvogstunga and Helgadalur.  

2.4 Methods 

2.4.1  Fieldwork 

The aim was to obtain samples from peat sections from various places and elevations in 

Mosfell Valley to capture possible differences in biomes and nature of land use. Other 

requirement for the soil cores samples was the visual field identification of three tephra 

layers, important for chronological purposes. The soil cores used for pollen sampling 

were nine, seven of which were collected specifically for this project. The remaining 

two (Hrísbrú [HRI] and Seljabrekka [SEL]) had been collected earlier in association 

with the Mosfell Archaeological Project (Zori et al., 2013; Erlendsson et al., 2014). For 

SEL a new core had to be collected to measure soil proxies. The same was attempted for 

HRI but that core turned out to be of insufficient quality due to missing or mixed tephra 

layers. 

The samples were retrieved from either holes that were dug or they were cut from the 

banks of drainage ditches. The cores were cut out as whole monoliths with a knife, 

placed in a container and folded firmly in plastic wraps to avoid air from penetrating 

easily. The cores where then kept in a cooler. 

2.4.2 Tephrochronology 

This project relies on previously constructed tephrochronology in the Mosfell Valley 

and elsewhere in southwest Iceland. For this study, three tephra layers that are 

prominent in the southwest of Iceland are of particular significance and form the basis 

for the age-depth modelling of the analysed sequences. They are a Katla tephra from ca. 

~AD 1500 (Ka ~1500), the Landnám tephra couplet from Vatnaöldur and Torfajökull, 

depositied AD 871±2 (Vö 871) and a Katla tephra deposited ca. ~1600 BC (Ka-N) (e.g. 

Hallsdóttir, 1987; Hafliðason et al., 1992; Róbertstóttir, 1992; Grönvold et al., 1995; 

Sigurgeirsson, 1995; Erlendsson, 2007; Gísladóttir et al., 2010). These tephra layers are 

common in the area, and prominent in most peat sections in Mosfell Valley. Samples of 

tephra layers obtained at Hrísbrú and Seljabrekka have been analysed for geochemistry, 

confirming the stratigraphic order of the tephras (Erlendsson et al., 2014). This 

information was used to visually identify tephra layers at other sampling locations. 

Near-identical tephrochronological framework and age-depth modelling could be 

constructed for all study sites which allows for direct spatial comparison of data 

between the sampling sites.  

2.4.3 Sediment 

The sediment layers were separated into stratigraphic units based on colour and 

apparent sediment structure. The colour of the stratigraphic units was recorded using the 



 

Munsell colour system. Sediment structure (fibrosity) was described using four 

categories: very fibrous, fibrous, pseudo fibrous and amorphous (cf. Erlendsson, 2007). 

 To explore temporal changes in soil erosion in the valley, the cores were measured 

for magnetic susceptibility (MS) using Bartington MS2 meter and an attached MS2E 

probe (surface scanner). Cores were analysed for MS at every cm over the study period 

(pre-settlement to AD 1500). For all sites but two (HRI and SEL) the soil- and pollen 

data come from the same core. For SEL a new core had to be collected for soil data. The 

same was attempted for HRI but that core turned out to be of insufficient quality with 

regard to tephra integrity (see above). 

2.4.4 Pollen preparation and counting 

Sediment for pollen samples were cut from all peat cores except for HRI and SEL 

which had already been prepared (Zori et al., 2013; Erlendsson et al., 2014). The cores, 

excluding HRI and SEL, were sub-sampled for pollen from 10 cm below the Landnám 

tephra to the Ka ~1500 tephra layer. The period between AD 900 and 1500 was divided 

into 12 units making each unit cover 50 years, which was calculated on the basis of 

linear interpolation between the Landnám and Katla ~1500 tephras. The period between 

the Landnám tephra layer and AD 900 is ca. 30 years, and this was measured and cut. 

Below the Landnám tephra, ten subsamples were cut from every cm. Subsamples from 

HRI were extracted at 1 cm intervals, except for from AD 800-1200 where they were 

cut by 0.5 cm. The samples from SEL were cut at 2 cm intervals before settlement and 

at 1 cm intervals above the Landnám tephra. For HRI and SEL, subsamples 

corresponding in age to those from the other seven profiles were selected for analysis. 

The pollen preparations were performed following standard guidelines provided by 

Moore et al. (1991). The same quantity of sediment was used for each sample, or 1 cm³. 

The sediment was put into a measuring cylinder containing 10% HCl and then 

transferred to a centrifuge tube. To allow for the calculation of palynomorph 

concentrations and influxes, a single Lycopodium clavatum spore tablet (batch 1031) 

were put into each centrifuge tube before the sediment. Since each tablet contains an 

average of 20848 spores (with std deviation of 7,4%), B. pubescens pollen 

concentrations could be calculated in comparison (Stockmarr, 1971). 

The pollen samples were prepared using standard chemical and sieving (150 micrometer 

mesh) to remove silicates and organic matter, other than pollen. Samples were stored 

and mounted in silicone oil (Moore et al., 1991). The pollen was counted under a light 

microscope with 400x, 600x or 1000x magnification. A total of 200 Lycopodium 

clavatum spores were counted from each sample and B. pubescens pollen in 

comparison. The count of 200 L. clavatum spores roughly equals the examination of 1% 

of the original sample. B. pubescens pollen sizes were measured under 1000x 

magnification and noted for a maximum of fifty per sample. Some of the B. pubescens 

pollen were deteriorated or non-triporate and were counted as such.  

B. pubescens pollen influx (birch pollen influx, BPI) data and graphs of the data were 

produced in the computer software Tilia. The influx of B. pubescens pollen was related 

to an age-depth scale to show changes in BPI values over the study period.  
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2.4.5 GIS techniques 

The mapping of the woodland extent though the study period in the valley was done in 

the GIS software, ArcMap 10 from ES I. “Inverse Distance Weighted” (IDW) 

technique was used as an interpolation method to reconstruct the influx values for 

Betula in Mosfell Valley. IDW is a method of interpolation that estimates cell values by 

averaging the values of sample data points in the neighbourhood of each processing 

cell. The closer a sample is to the centre of the cell being estimated, the more influence, 

or weight, it has in the averaging process (ESRI, 2007). The maps were not made to 

take into consideration the contours and other features of the landscape of Mosfell 

Valley. The BPI at the sample sites themselves are influenced by these features and the 

woodland extent in the valley is reconstructed from the data from those sites. Contours 

were used in addition to IDW according to moist adiabatic lapse rate for the 

reconstruction of tritherm temperatures for this study, however, there are more 

uncertainties with the influences of landscape on the woodland extent. There were made 

separate maps that show aspects of hills, magnitude of slopes and common shadows in 

the Mosfell Valley as well as a tritherm map that shows temperature change with 

altitude (for figures see Pétursdóttir et al., 2014). Samples from settlement (AD 870) to 

AD 1500 were mapped separately while the averages of all samples prior to settlement 

were used for one map to represent the pre-settlement woodland. 

2.5 Results 

2.5.1 Chronology 

Chronologies for all peat cores were constructed using tephrochronology (Figure 12). 

Crucially, all samples from where pollen was counted contained the Landnám tephra 

and the Ka ~1500 tephra, allowing for consistency in interpolation to centennial scale 

over this period. All but two cores incorporated the Ka-N (K 1600 BC), K 1015 BC and 

H 590 BC tephra. The medieval tephra layer (AD 1226) was found in three soil cores.  



 

 

 

 

 

 

 

 

 

 

 

Figure 12. Soil sample profiles showing the alignment of tephra layers. The medieval tephra layers 

are marked with a cross (x). Tephra layers that have the same characteristics in few of the soil 

cores are marked with an asterix (*). 

 

2.5.2 Sediments 

All peat profiles examined showed lighter sediment and many showed more reddish 

sediment after the Landnám tephra, even though some of them did not do so 

immediately after settlement. Lighter sediment indicates lower OC and redder sediment 

increased oxidation.  

MS data are shown in relevance to Betula pollen in Figure 13. All of them show an 

increase in MS above the Landnám tephra except for perhaps SAU. All of the soil cores 

showed substantially higher MS after Ka ~1500 than before it. At SAU and LSAU there 

were very little changes detected in MS values. The MS values at STA get somewhat 

higher around AD 1000. At BUG the MS rates are fairly stable until they get quite high 

around AD 1400. The MS rates at SEL and LEI increase gradually after settlement. At 

SKE and HEL the MS rates increase after settlement.  

2.5.3 Pollen results 

The pollen of Betula nana and Betula pubescens can be hard to separate, but B. nana is 

usually smaller, often under 20 μm (Caseldine, 2001). The mean sizes (μm) of Betula 

pollen in each sample, before and after settlement, can be seen in Table 6.  
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Table 6. Betula pollen sizes. 

 

There were few abnormal Betula pollen found in the pollen samples that would suggest 

hybridisation of B. nana and B. pubescens, and these did not reach any discernible 

levels. 

Figure 13 shows the BPI values in each sample in a particular time period and Figure 14 

shows an interpolation of those BPI values in different periods on a digital elevation 

model of Mosfell Valley. Before the Landnám tephra there is generally an increase in 

BPI. The BPI rates are lower after settlement in all samples except for in BUG. There is 

very little BPI at both LSAU and STA throughout the profile and little change detected, 

especially at STA, though there is seemingly some reduction in the BPI after settlement. 

At SAU the BPI decreased slowly close to settlement but after the Landnám tephra it 

was very low throughout the period until AD 1500. BUG was the only sample that 

showed increased BPI after settlement. First there was a small reduction in BPI at BUG 

after settlement but between AD 1100-1150 the BPI was the highest recorded, after 

which these values decreased slowly until there were only few birch pollen detected, 

with the fewest found in the youngest sample which dates to the 15th century AD. BPI 

values at SEL decreased quite evenly throughout the period. At SKE and HRI there was 

a decrease in BPI just before the Landnám tephra. After settlement there was a slight 

increase in BPI values at SKE but they slowly got lower again. The BPI values at HRI 

stay low. At HEL, HRI and LEI there were the most distinctive decreases in BPI 

immediately above to the Landnám tephra. The HEL sample had the highest BPI before 

settlement and showed the most substantial decrease above the Landnám tephra, after 

which the BPI remained very low. At LEI the BPI values decreased by ca. 88% from 

samples from below and above the Landnám tephra (see Table 7).   

 

Samples Before settlement  

(µm)  
After settlement (µm) 

% larger  

after settlement 

LEI 23.4 (n = 14) 22.5 (n = 2) -4 

HRI 23.2 (n = 51) 23.0 (n = 58) -0.9 

HEL 22.6 (n = 155) 23.6 (n = 20) 4.2 

SKE 21.6 (n = 29) 22.7 (n = 34) 4.8 

SEL 22.4 (n = 89)  21.8 (n = 51) -2.8 

BUG 22.6 (n = 171) 21.5 (n = 238) -4.9 

STA 23.9 (n = 11) 23.9 (n = 16) 0 

LSAU 21.9 (n = 25) 23.1 (n = 17) 5.2 

SAU 21.3 (n = 69) 22.2 (n = 61) 4.1 



 

 

Table 7. Pollen influxes at sample sites.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample sites 
Pre- settlement 

influx 

Post- 

settlement 

influx 

AD 900-950 

influx 

Influx 

decrease in 

AD 900-950  

Influx decrease 

post- 

settlement 

LEI 30 3 0 
100% 88% 

HRI 28 4 9 68% 89% 

HEL 236 8 11 
95% 97% 

SKE 19 12 0 
100% 36% 

SEL 24 10 7 71% 60% 

STA 4 6 4 0% -35% 

BUG 122 112 105 14% 8% 

LSAU 8 6 10 -25% 21% 

SAU 79 18 29 63% 77% 

SUM 550 179 175     

Difference from   

67% 68% 

  

 
pre-settlement        
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Figure 13. Graph showing MS and BPI values for all sites. Black dots represent zero values and the 

grey horizontal line shows the placement of the Landnám tephra in the profiles.  



 

 
 

 

Figure 14. Woodland development from before settlement until AD 1450. From left to right: Before 

settlement, AD 900-950, 1000-1050, 1100-1150, 1200-1250, 1300-1350, 1400-1450. Farm placings are 

based on maps in Zori (2010). The elevation has x2 exaggeration.  
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2.6 Discussion 

2.6.1 Soil conditions pre- and post-settlement 

Soil supports woodland growth and woodland stabilizes aeolian materials and hence 

supports soil accumulation (Gathorne-Hardy, 2009). Deforestation on the other hand 

increases soil erosion and effects landscape stability and ecosystem resilience 

(McGovern, 2007; Arnalds and Kimble, 2001). The soil results for Mosfell Valley 

clearly show disturbance and deterioration of soil above the Landnám tephra.   

Research has shown that soil in Iceland has deteriated much after settlement. Currently, 

only 4% of Iceland is free of soil erosion and this area is mostly confined to the 

remaining woodlands and cultivated land (Arnalds et al., 1997). The soils in Iceland are 

dominated by the soil type Andosol, which are easily eroded. Andosol consists of a 

mixture of aeolian sediment and volcanic ash. They are lightweight which causes them 

to be easily wind-transported, contributing to the soil erosion.  

Increased soil erosion can result in the transfer of large amounts of minerogenic 

material that would be detected by increased magnetic materials (Dearing, 1999; 

Erlendsson, 2007). Periods of increased soil erosion hence coincide with higher MS 

values, in contrast to periods of reduced soil erosion on the other hand that coincide 

with higher values of organic matter that have low MS values (Lowe and Walker, 

1984). 

All of the soil cores from Mosfell Valley showed an increase in MS above the Landnám 

tephra except for perhaps SAU (see Figure 13). This implies increased disturbance of 

the soil after the valley is settled. All of the soil cores showed substantially higher MS 

after Ka ~1500 than before it, but that is around the time when the LIA is said to have 

started. At SAU and LSAU there were very little changes detected in MS values but 

those locations were in the highest altitudes and most likely farthest away from human 

activities. The MS values at STA get somewhat higher around AD 1000. At BUG the 

MS values are fairly stable until they get quite high around AD 1400 when BPI values 

have gotten very low. The MS rates at LEI, SEL and SKE increase gradually after 

settlement. At HEL the MS values increase shortly after the landnám tephra and get 

lower again before increasing gradually which supports the theory of massive woodland 

removal suggested by reduced BPI values at HEL. 

The soil results showed lighter and redder color of sediment (see Appendices 1-8). 

Lighter sediment indicates lower OC and redder sediment increased oxidation. Together 

these provide evidence for increased oxidation and disturbance of soil. Icelandic soils 

are rich in Iron (Fe) (Arnalds, 2004), which affects the colour of the soil. Well oxidised 

iron compounds impart bright reds and browns to the soil, in contrast to reduced iron 

compounds which impart grey and bluish colours to poorly drained soil. The reddish 

colour may indicate increased eolian deposit originated from exposed soil surfaces in 

the area that cause disturbed water cycling which enhances oxidation. Enhanced by the 

increased oxygen concentration organic carbon (OC) deteriorates and the dark colour of 

the organic matter that coat soil minerals, become lighter in colour (Brady and Weil, 

2010). Changes in fibrosity were not substantial in the cores. 



 

The trend for soil prior to settlement in Iceland is good soil quality, high in organic 

carbon content (OC) and soil moisture content (SMC), which reflects a stable 

ecosystem. After settlement, more instability is observed. There is often a decrease in 

OC and SMC as well as an increase in dry bulk density (DBD) and soil accumulation 

rates (SAR) (Gísladóttir et al., 2010). When plants are removed from the soil, the 

exposed soil is eroded more easily and transported to other places. In sink areas, often 

wetlands, soil OC becomes reduced which along with increased deposited minerogenic 

material results in increased DBD of the soil. Commonly the result is an increase in 

SAR in such sink areas (Gísladóttir et al., 2010; Gísladóttir et al., 2011) 

Jónsson (2013) studied the influence of people and climate on mires in Mosfell Valley 

over the last 3600 years and used seven of the nine soil profiles used in this research. 

Those were HEL, SKE, SEL, STA, BUG, LSAU and SAU. Jónsson´s research showed 

a decrease in SMC and OM as well as an increase in DBD at all sites (Jónsson 2013). 

SAR increased in the period between settlement and AD 1500 in all soil profiles except 

for in LSAU and SAU, who were sought from the highest altitudes and further away 

from the main settlement areas. The SAR observed were between ca. 0.15 and 0.2 

mm/yr over the 1500 years before settlement but after settlement and until AD 1500 the 

rates were between ca. 0.2 and 0.8 mm/yr (Jónsson, 2013). Zori (2010) observed that 

SAR in most areas in Mosfell Valley from the 9th century until the mid-13th century 

were approximately 0.3 – 0.6 mm/yr. Some of his samples showed up to 2 mm/yr.  

2.6.2 Pre-settlement woodland and birch pollen influxes in 

the Mosfell Valley 

Unfortunately, there have as yet no studies been performed in Iceland to calibrate influx 

values for birch pollen with regard to status of woodland, i.e. whether woodland is 

absent or present, open or dense. Such a study has on the other hand been done in 

Fennoscandinavia (Hicks and Hyvärinen, 1999) where pollen traps were used to 

measure pollen influx in relation to contemporary woodland cover. Their results showed 

birch pollen influx values (pollen graines/cm²/yr) of 500-1000 when Betula was present 

but only sparsely, 1000-1500 in an open woodland and >1500 in a dense Betula 

woodland. Peat sections have shown similar values to pollen traps when compared 

(Hicks and Hyvärinen, 1999). These numbers can probably not be translated to 

Icelandic conditions, for it is likely that less pollen is produced by Icelandic woodlands 

because of lower temperatures over the growing season in comparison to the continental 

climates of inland Scandinavia, from where these records come. The BPI values in the 

samples from Mosfell Valley are overall significantly lower than what should be the 

case if woodland was present based on the Scandinavian records. Only two sites have 

BPI values exceeding 200, and those are HEL before the Landnám tephra and BUG 

after landnám which is less then half of what was expected in the sparse woodland that 

were examined in Hicks and Hyvärinen (1999). 

A further problem is scant Icelandic comparative material, with only Erlendsson (2007) 

and Erlendsson and Edwards (2009) and Erlendsson et al. (2009) to present pollen 

influx values along the conventional pollen percentages. Examination of those records 

suggests that low peat-derived birch pollen influxes are the norm in Iceland. For 

example, pre-settlement records from the supposedly wooded Reykholtsdalur, West 

Iceland (Erlendsson et al., 2012) fall between ca. 400 and 1000 grains cm2/yr. At Stóra-

Mörk (big-forest), where macrofossil evidence confirms to presence of woodland 
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(Mairs et al., 2006), the BPI values are mostly around or below 100 grains cm2/yr, apart 

from two isolated peaks showing values between 400 and 600 grains cm2/yr. In 

addition to the low summer temperature in Iceland, it could also be hypothised that 

continuous hybridisation of B. pubescens and B. nana since the early Holocene (e.g. 

Karlsdóttir, 2009) may have affected the flowering and pollen productivity of the 

Icelandic birch, but this is speculative.  

Given the PI values for birch it is important to seek further evidence for woodland 

growth at the time of settlement in Mosfell Valley. Used in studies of e.g. historical 

geography, settlement patterns and believe systems (Bühnen, 1992), place names can 

provide important information about past natural conditions. Since Iceland was settled, 

its society has remained fairly stable, monolingual, and monoethnic. Place names have 

further more remained unusually stable in Iceland. The sagas, medieval charters and 

historic maps all confirm the stability of Icelandic place names since the initial 

settlement (Sigmundsson, 1968).  

Place names could only have been established after settlement, and Landnámabók from 

AD 1122-1133 records a large number of place names that many of the original settlers 

gave to farms and natural features (Benediktsson, 1968). Some place names in Iceland 

indicate the presence of lush vegetation, or even ancient woodlands (Zori, 2010). Some 

place names in Mosfell Valley imply that woodland was present. For example, the name 

of the farm Hrísbrú which points to a lush shrubbery and Skógarbringur, which means 

woodland-slopes, is between Skeggjastaðir and Stardalur, where there are now treeless 

bogs and eroding hills and slopes. Víðir (Mosfellsvíðir) in Mosfell Valley, north of 

Æsustaðarfjall can among other meanings refer to willow, woodland or wide 

(Hafsteinsdóttir, 1995; Árnason, 2007).  

Other evidence for pre-settlement woodland in Mosfell Valley is woodland remains 

buried in bogs. They have been seen in holes dug in the wetlands for the forestry society 

in Mosfellsbær (Skógrækt Mosfellsbæjar), the municipality that Mosfell Valley is part 

of, as well as in the two holes that were dug for this research. B. pubescens remains 

have also been found where the garbage from the greater Reykjavík area is buried 

today, in Álfsnes, Kjalarnes, (ca. 2 km from Leirvogstunga). Where Mosfellsbær and 

Reykjavík meet (ca. 5 km from Leirvogstunga), B. pubescens logs were found in 

drainage ditches in 1995. There were also birch remains found between Helgafell and 

Reykjalundur (ca. 1.5 km from Hrísbrú) (Hafsteinsdóttir, 1995). In Kjalnesinga Saga it 

says that Kjalarnes was so well vegetated (presumably by woodland) that men had to 

make paths to farms and a road to travel across the area (Böðvarsson, 1994). A 

prominent example of the past birch woodland coinciding with low counts of birch 

pollen comes from the current Mosfell church farm, where Zori et al. (2013) and 

Erlendsson (2012, unpublished report) found prominent logs of birch immediately 

below the Landnám tephra, yet very little birch pollen.   

The pre-settlement BPI values provide conflicting information about trends in woodland 

development. In most cases the BPI values are either consistent pre-settlement or show 

some rise or possibly some drop in values in the samples close to the Landnám tephra. 

At two sites, HRI and SKE, the BPI values drop quite significantly before the 

deposition of the Landnám tephra. Possible explanations for this could include 

differences in local hydrological patterns in the wetland or the aging and decaying of 

areas within woodlands prior to regeneration. An alternative and perhaps controversial 



 

explanation would be human impact. Even though unlikely, given scant evidence for 

people being present in Iceland before the deposition of the Landnám tephra, it must be 

brought to attention that these two sites, Skeggjastaðir (SKE) and Hrísbrú (HRI) are of 

greater historical significance than other farms in the valley. Skeggjastaðir are noted in 

Landnámabók (Benediktsson, 1986) and the Hrísbrú sample site is adjacent to the 

chieftain residence of medieval Mosfell (Zori et al., 2013). As such these should have 

been the locations of the first farm establishments in the valley (cf. Vésteinsson, 1998). 

The complete pollen record of the Hrísbrú profile revealed microscopic charcoal and 

dung fungi in association with the apparent birch decline at Hrísbrú, providing at least 

circumstantial evidence for human presence before ca. AD 870. However, this decline 

in Betula shortly before settlement has been quite commonly seen in other pollen 

researches, for example at Stóra-Mörk in South Iceland and Reykholtsdalur in the West, 

and linked to fluctuations in climate (e.g. Erlendsson and Edwards, 2009; Vickers et al., 

2011). Nonetheless, the pre-settlement birch pollen trajectory provided here is too 

limited to be conclusive about woodland development for this period. It does, however, 

provide an important baseline for developments after settlement.   

2.5.3 Woodland in the post-settlement lowland area (LEI, HRI, 
HEL) 

The maps (Figure 14) and graphs (Figure 13) clearly show a fundamental and 

permanent change in vegetation in the lowland areas. At Helgadalur (HEL) the BPI 

values fall from >200 grains cm2/yr to below 10 grains cm2/yr soon after the 

settlement. OC similarly falls from ca. 65% before settlement to ca. 20% soon after it. 

At Leirvogstunga (LEI) and Hrísbrú (HRI) this change is also depicted in a drop in BPI 

values from around 50 grains cm2/yr to <10 grains cm2/yr. This is unsurprising 

perhaps. All three farms are believed to be of early settlement origin, and within the two 

highest orders of the farm hierarchy in the Mosfell Valley. Of these the highest ranked 

farm was the Mosfell chieftain farm, which in the middle ages was placed at the current 

Hrísbrú location (Zori, 2010). Previous research at Hrísbrú (Zori et al., 2013; 

Erlendsson et al., 2014) has revealed evidence for the introduction of mammal 

herbivores, field fertilisation and barley production from the early settlement to around 

AD 1200. This coincided with a drop in Betula pollen percentages from 20 – 30% to 

negligent values from around the time of the Landnám tephra. Unfortunately such 

comparable data is not available for Helgadalur and Leirvogstunga. Yet palynological 

studies of farms known to be of significant status in the medieval period have in almost 

all cases shown a rapid removal of woodland as land was cleared to provide the 

necessary exposure to facilitate agriculture (Hallsdóttir, 1987; Vickers et al., 2008; 

Erlendsson et al., 2012).  

2.5.4 Post-settlement woodland in the mid-altitude area (SEL, 

SKE, STA) 

The woodland development at the SEL, SKE and STA sample sites contrasts with the 

lowland sites in the way that pre-historic birch influx values are lower than in the 

lowland areas (Figure 13). The most obvious reason is higher altitude as this part of the 

study area is situated between 100 to 200 m a.s.l. The average pre-settlement BPI values 

range from around 10 grains cm2/yr at Stardalur (STA) to 40 grains cm2/yr at 

Seljabrekka. These values are lower than those from the lowland and the average size 

measurements are also somewhat lower (see Chapter 2.3.3, Table 6), perhaps suggesting 
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a higher proportion of B. nana pollen in the assemblages. Another contrasting feature is 

that the apparent impact of settlement upon the woodland is more subtle here than in the 

lowland. Although STA shows a drop in BPI values shortly before settlement, this drop 

is not as significant as that observed around settlement in the lowland and SKE. At SKE 

and SEL there is an apparent recovery occuring at a similar time, between AD 1000 and 

1100. In the case of SKE this could reflect the abandonment of the farm. It is known 

from the Jarðabók (Magnússon and Vídalín, 1918–1921) that the site was at least 

without a farm in the 15th and 16th century and that a farm was reinstated at the site in 

the 17th century (Kristjánsdóttir, 2006). The Seljabrekka (SEL) site was almost 

certainly a shieling site or within a shieling area in the pre-modern era given the sel-

suffix (sel=shieling) and same applies to the Stardalur (STA) location (Kristjánsdóttir, 

2006; Erlendsson et al., 2014). At STA the apparent woodland recovery takes place 

later, between AD 1200 and 1300, which may simply reflect different history of 

utilisation of the site. 

2.5.5 Post-settlement woodland in the highest-altitude area 

(BUG, SAU, LSAU) 

The highland sites are the areas where the impact of landnám are felt the least. At 

Bugðuflói (BUG) the average pre-settlement BPI values of ca. 100 grains cm2/yr are 

higher than at most sites used for this study, and these values are maintained across the 

Landnám tephra. At Litla Sauðafell (LSAU) the low average pre-settlement BPI values 

of ca. 15 are roughly maintained above the Landnám tephra. The sample that was taken 

at the highest altitude in Mosfell Valley was (SAU) from Sauðafellsflói at 259 m a.s.l. 

at which the average tritherm temperature does not exceed the threshold usually set for 

B. pubescens (see Table 5). Only SAU shows an obvious drop in BPI values, from an 

average of around 75 grains cm2/yr before settlement to <50 in the first two samples 

above the Landnám tephra. The slight response to Landnám probably owes to the 

location of the sites. The two uppermost sites, SAU and LSAU, are almost certainly 

situated beyond the main farm and shieling areas, as there are no known ruins in the 

vicinity of these sites. The place name Mosfellssel and a small ruin complex about 1 km 

to the south of the BUG sample site indicate that the Mosfell farm operated a shieling 

by the Leirvogsvatn lake at some unknown point in time. The placement of those sites 

outside the main farm and shieling areas probably explains the limited impact of 

agriculture around the time of settlement, and a more gradual decline of woodland than 

in the lower reaches of the valley. There is even an increase in BPI values later in the 

medieval period at BUG and SAU. At BUG the apparent increase dates to between AD 

1100 and 1200, after which the values enter a permanent decline trough the study 

period. At SAU this apparent woodland recovery occurs later, and is represented in the 

two uppermost samples.      

2.5.6 Woodland decline in the Mosfell Valley 

The use of multiple sites to produce a more coherent picture of woodland development 

has, in our opinion, provided useful in teasing out a landscape scale signal for woodland 

development. In recent years the simple model of “equilibrium-settlement disturbance-

new equilibrium” has come under some criticism and that it may need some 

qualification (cf. Lawson et al., 2010). Age-constraining of charcoal pits and pollen 

analysis from Mývatnssveit, Northwest Iceland has shown the lingering of woodland in 

the wider landscape deep into the medieval period (Lawson et al., 2007 and 2010; 



 

McGovern et al., 2007). Pollen and plant macrofossil analyses in Reykholtsdalur have 

provided similar results (Gathorne-Hardy et al., 2009; Erlendsson et al., 2012). The 

modelling of the BPI data from Mosfellsdalur adds weight to the argument for a more 

careful approach to the study of the decline of the Icelandic birch woodland.  

Soil samples from AD 900-950 which is soon after settlement, show an average 

reduction of 68% in BPI from samples from before settlement, with most of the change 

being close to farms in the Middle Ages that were settled in the lowlands. The retreat of 

woodland from the inhabited area is rapid, and so it has probably been in other 

inhabited areas in Iceland.  

Outside these areas the pattern of woodland retreat was probably more complex and 

may rely on several factors. First of all is the land-use employed around individual sites, 

which in the upland areas is likely to be complex in space and time. Shielings may have 

been used sporadically and their actual function may have differed. Some might have 

specialised in dairy production whilst other could have had different priorities such as 

haymaking or charcoal production (cf. Lucas, 2008).  

The initial retreat of woodland in the early period of settlement might also stem from 

iron-making charcoal production, which was an enormously fuel-demanding industry. 

This production ceased in the medieval period and the apparent recovery of woodland in 

the 11th century AD might relate to that. However, no evidence exists from 

Mosfellsdalur for iron-making but this practice is well known from some other areas in 

Iceland (Smith, 1995).  

For medieval Iceland, any remains of woodland must have been regarded as a valuable 

resourse and any surviving woodland regenerates naturally if it is not overused 

(McGovern et al., 2007). The increased BPI values in the 12th century AD may suggest 

that some management was undertaken to conserve the woodland that was left at the 

time (cf. Simpson et al., 2001). Vésteinsson and Simpson (2004) claim that after AD 

1000 and until AD 1500, when the LIA is said to have started, there was some effort put 

into protecting what was left of woodland in Iceland. Regulatory mechanisms were at 

least put in place after AD 1200 to prevent overgrazing (Simpson, 2001), and 

McGovern et al. (2007) suggest that the careful use of woodlands, by for example 

cutting braches instead of the whole tree and a reduction in pig and goats in 

zooarchaeological records, can be interpreted as efforts to halt deforestation. It is of 

course uncertain if any attempts to woodland preservation were undertaken in 

Mosfellsdalur. The woodland seems to enter a permanent decline after the apparent 

improvement in the 12th century. The form of ownership can play a part here, as private 

ownership may encourage more careful utilisation of resources (Sigurmundsson et al., 

2011). In that respect it is worth noting that almost all farms in the Mosfells Valley fell 

under the ownership of the monastery Viðeyjarklaustur, on the island Viðey offshore 

from Reykjavík. The establishment of Viðeyjarklaustur took place in the 13th century, 

and it was occupied until around the time of the reformation in AD 1550, after which 

the farms in Mosfell Valley fell under the ownership of the Danish Crown. As such the 

farmers in the valley were tenants from the 13th or 14th century until sometime in the 

pre-modern period. This form of ownership might have reduced any impetus for 

resource preservation (Sigurmundsson et al., 2011), which may explain the apparently 

continuous decline of the already depleted woodland from the 12th century to ca. AD 

1500, when any signals for woodland have become very weak (Figure 14). The 
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depletion of the woodland resource may have become severe earlier than that, as in AD 

1284 the Viðeyjarklaustur monastery had attained access to three areas of woodland in 

Skorradalur, west Iceland, as well as rights to use woodland in Hvaleyri, south of 

Hafnarfjörður. Another church inventory from AD 1397 details that a church on Þerney, 

close to Leiruvogur (ca. 3 km), had access to woodland in Skorradalur. The fact that 

churches were interested in such remote woodlands suggests that woodlands were 

getting scarce closer to the churches at the time that the inventories were written 

(Hafsteinsdóttir, 1995). The indication is that the valley remained more or less devoid of 

woody taxa until the present day, as descriptions in the Jarðabók from AD 1704 

(Magnússon and Vídalín, 1918 – 1928) detail that no farm has access to woodland 

within its own farmland. 

 





57 

 

3 Conclusions 

There is an obvious reduction in woodland by ca. 67% from soon before settlement and 

from settlement until AD 1500 in Mosfell Valley, with most of the reduction happening 

soon after settlement in the lowland close to farms. A disturbance of the environment is 

evident in the soil. Woodland in Mosfell Valley retreated fast close to farms in the 

lowlands after settlement. Woodland in the higher altitudes was able to maintain itself 

longer and there may even have been some management undertaken to preserve what 

remained of it. The woodland eventually retreated, probably as a result of over-

exploitation although this may also have been influenced by a deteriorating climate. 

Woodlands in the Mosfell Valley had probably become extinct from the area around 

AD 1500 when the LIA is believed to have started. 
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Appentices 

Appendix 1. SAU sediment description. 

 Tephra 

dates Depth cm Fibrosity Munsell code and colour 

 

0-9 Fibrous 7.5YR 3/3 "Dark brown" 

 

9-23 Fibrous 10YR 3/3 "Dark brown" 

Ka ~1500 24-27 N/A 10YR 2/1 "Black" 

 

27-32 Fibrous 10YR 3/3 "Dark brown" 

 

32-37 Fibrous 10YR 3/4 "Dark yellowish brown" 

Vö 871±2  37-38 N/A 

10YR 

3/1&5/6 

"Very dark gray & 

yellowish brown" 

 

38-39 Fibrous 10YR 3/4 "Dark yellowish brown" 

 

39-46 Fibrous 10YR 3/3 "Dark brown" 

 

46-49 Fibrous 10YR 2/2 "Very dark brown" 

 

49-50 Fibrous 10YR 2/2 "Very dark brown" 

 

50-59 Fibrous 10YR 2/2 "Very dark brown" 

 

59-70 Fibrous 10YR 3/2 

"Very dark greyish 

brown" 

 

70-73.5 Fibrous 10YR 3/6 "Dark yellowish brown" 

 

73.5-87.5 Fibrous 7.5YR 3/2 "Very dark brown" 

 

87.5-90 Fibrous 10YR 2/2 "Very dark brown" 

 

90-108 Fibrous 10YR 2/2 "Very dark brown" 

 

108-110.5 Fibrous 10YR 4/4 "Dark yellowish brown" 

Ka-N 

110.5-

114.5 N/A 10YR 2/1 "Black" 

 

 

 

 

 

 



 

Appendix 2. LSAU sediment description. 

 

 

 

 Tephra 

dates Depth cm Fibrosity Munsell code and colour 

 

0-3 Fibrous 

7.5YR 

2,5/3 "Very dark brown" 

 

3-21 Fibrous 10YR 2,5/3 "Dark brown" 

 

21-31 Fibrous 10YR 3/4 "Dark yellowish brown" 

 

31-35.5 Fibrous 10YR 3/2 "Very dark grayish brown" 

 

35.5-37.5 

Pseudo 

fibrous 7.5YR 4/6 "Strong brown" 

Ka 

~1500 37.5-41 N/A 10YR 2/1 "Black" 

 

41-46 Fibrous 10YR 3/2 "Very dark grayish brown" 

 

46-48.5 Fibrous 10YR 3/6 "Dark yellow brown" 

 

48.5-52 Fibrous 10YR 3/3 "Dark brown" 

Vö 

871±2  52-54 N/A 

10YR 

5/6&4/3 "Yellowish brown"  

 

54-57 Fibrous 10YR 3/3 "Dark brown" 

 

57-60.5 Fibrous 10YR 2/2 "Very dark brown" 

 

60.5-73.5 Fibrous 10YR 2/2 "Very dark brown" 

 

73.5-83.5 Fibrous 10YR 3/1 "Very dark gray" 

 

83.5-86 N/A 10YR 3/4 "Dark yellowish brown" 

 

86-88.5 Fibrous 10YR 2/1 "Black" 

 

88.5-95 Fibrous 10YR 3/4 "Dark Yellowish brown" 

 

95-112 Fibrous 10YR 3/2 "Very dark grayish brown" 

Ka-N 112-118.5 N/A 10YR 2/1 "Black" 
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Appendix 3. STA sediment description. 

 Tephra 

dates Depth cm Fibrosity Munsell code and colour 

 

0-7.5 

Very 

fibrous 10YR 5/6 "Yellowish brown" 

Ka 

~1500 7.5-17 N/A 10YR 2/1 "Black" 

 

17-20 Fibrous 10YR 4/4 "Dark yellowish brown" 

 

20-29.5 

Pseudo 

fibrous 10YR 3/4 "Dark yellowish brown" 

Vö 

871±2  29.5-32 N/A 

10YR 

3/1&5/6 

"Very dark gray & Yellowish 

brown" 

 

32-54 Fibrous 10YR 2/2 "Very dark brown" 

Unknown 54-55.5 N/A 10YR 5/8 "Yellowish brown" 

 

55.5-67 

Pseudo 

fibrous 10YR 3/3 "Dark brown" 

 

67-75 

Pseudo 

fibrous 10YR 2/2 "Very dark brown" 

Ka-N 75-78 N/A 10YR 2/1 "Black" 

 

 

 

 



 

Appendix 4. BUG sediment description.  

 Tephra 

dates 

Depth 

cm Fibrosity Munsell code and colour 

 

0-16 Fibrous 
YR10 
3/3  "Dark brown" 

 

16-25.5 Fibrous 
YR7.5 
3/3 "Dark brown" 

 
25.5-30 

Pseudo 

fibrous 

YR7.5 

4/6 "Dark yellowish brown" 

 
30-32 Fibrous 

YR7.5 

3/4 "Dark yellowish brown" 

Ka ~1500 32-33.5 N/A 

YR10 

2/1 "Black" 

 
33.5-45 Fibrous 

YR7.5 

2,5/3 "Very dark brown" 

Vö 871±2  45-47.5 N/A 

10YR 

3/1&5/6 

"Very dark gray & 

yellowish brown" 

 

47.5-64 Fibrous 
YR10 
2/2 "Very dark brown" 

 

64-73 Fibrous 
YR10 
3/1 "Very dark brown" 

Unknown 73-77 N/A 
YR2.5 
3/3 "Dark olive brown" 

 

77-85 Fibrous 
YR10 
3/1 "Very dark brown" 

 
85-98.5 Fibrous 

YR10 

2/2 "Very dark brown" 

Ka-N 
98.5-
107 Fibrous 

YR10 

3/3 & 
2/1 "Dark brown & Black" 
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Appendix 5. SKE sediment description. 

 

 
Appendix 6. HEL sediment description. 

 Tephra 

dates 

Depth 

cm Fibrosity Munsell code and colour 

 

8-17 Fibrous 
YR10 
3/3 "Dark brown" 

 

17-
23.5 Fibrous 

YR7.5 
3/4 "Dark brown" 

 

23.5-
29 Fibrous 

YR7.5 
3/3 "Dark brown" 

Ka 

~1500 29-31 N/A 

YR10 

2/1  "Black" 

 

31-

42.5 

Very 

fibrous 

YR7.5 

3/3 "Dark brown" 

Vö 
871±2  

42.5--
44 N/A 

YR10 

4/4 
&2/2 

"Dark yellowish brown & very 
dark brown" 

 

44-66 Fibrous 
YR10 
2/2 "Very dark brown" 

 
66-79 

Very 

fibrous 

YR7.5 

3/2 "Dark brown" 

 
79-89 

Very 

fibrous 

YR10 

2/2 "Very dark brown" 

 
89-92 Fibrous 

YR10 

3/3 "Dark brown" 

Ka-N 92-96 N/A 

YR10 

2/1  "Black" 

 
 
 

 Tephra 
dates 

Depth 
cm Fibrosity Munsell code and colour 

 
0-18 Fibrous YR7.5 3/4 "Dark brown" 

 
18-23 

Very 

Fibrous YR10 3/3 "Dark brown" 
Ka 

~1500 23-24 N/A YR10 2/1 "Black" 

 
24-29.5 Fibrous YR10 3/3 "Dark brown" 

 

29.5-

31.5 Fibrous YR10 3/6 "Dark yellowish brown" 

 
31.5-37 Fibrous YR10 3/3 "Dark brown" 

Vö 

871±2  37-39 N/A YR10 3/4 "Dark yellowish brown" 

 

39-70 
Very 
Fibrous YR10 2/2 "Very dark brown" 

 

70-72.5 Fibrous YR10 3/3 "Dark brown" 

 

72.5-89 Fibrous YR10 2/2 "Very dark brown" 

 

89-91 Fibrous YR7.5 3/4 "Dark brown" 

Ka-N 91-100 N/A YR10 2/2 "Very dark brown" 



 

Appendix 7. SEL sediment description. 

 

 

Appendix 8. LEI sediment description. 

 
Tephra 

dates 

Depth 

cm Fibrosity Munsell code and colour 

 
0-4 

Very 

fibrous YR10 3/3 "Dark brown" 

 
4-26.5 Fibrous YR7.5 3/4  "Dark brown" 

Ka 
~1500 26.5-30 N/A 

YR10 5/6 
&2/2 

"Yellowish brown & very 
dark brown" 

 

30-67 Fibrous YR7.5 3/3 "Dark brown" 

 

67-73.5 
Very 
fibrous YR10 2/2 "Very dark brown" 

Vö 
871±2 73.5-76 N/A 

YR10 4/4 
&2/2 

"Dark yellowish 

brown & very dark 
brown" 

  76-96 Fibrous YR10 3/1 "Very dark brown" 

 

 

 Tephra 
dates 

Depth 
cm Fibrosity Munsell code and colour 

 

0-10 Fibrous YR7.5 3/4  "Dark brown" 

Ka 
~1500 10-11 N/A YR10 2/1 "Black" 

 

11-22 Fibrous YR7.5 4/4 "Brown" 

Vö 
871±2  22-23 N/A YR10 5/8&2/1 

"Yellowish brown & 
Black" 

 

23-39 Fibrous 
YR7.5 
2.5/3&2.5/1 

"Very dark brown & 
Black" 

 

39-52 Fibrous YR7.5 2,5/1 "Black" 

 

52-54 Fibrous YR7.5 3/4  "Dark brown" 

Unknown 54-58 N/A YR7.5 2.5/1 "Black" 

 
58-59 Fibrous YR7.5 3/4  "Dark brown" 

 

59-

66.5 Fibrous YR7.5 2,5/1 "Black" 

Ka-N 

66.5-

74 N/A YR10 2/1 "Black" 


