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1. Introduction
In the past decade, isotopic analysis has become a standard analytical procedure on
archaeological human remains. The methods have been applied to a wide range of
geographical regions and time periods, adding new perspectives to current archaeological
issues and debates. The extensive contact between Norway and the British Isles during the
Viking Age has been established through studies of material culture, historical sources,
linguistics and toponymics. However, the exact nature and extent of this contact remains
uncertain. Although the linguistics and place-names in particular imply a fairly extensive
presence of Scandinavian settlers in the British Isles, the settlements and the settlers
themselves remain elusive. Part of the problem is one of identification; archaeological and
other sources imply significant assimilation between the incoming Scandinavian and the
indigenous populations; a process in which ethnic identities are manipulated and become
more fluid, and thereby also more difficult to identify in the archaeological record. Thus it is
not a simple matter of, for example, recognising pagan burial forms in an otherwise
Christian landscape. How, then, can modern scientific techniques contribute? Analyses of
modern DNA have shown a strong genetic legacy of Norwegian DNA in the north of England.
However, this technique is (at least currently) not capable of distinguishing between
incoming Vikings from present-day Denmark and earlier Germanic migrants. Analysis of
strontium and oxygen isotopes on the other hand has the potential to identify firstgeneration immigrants, by indicating the geographical region in which an individual spent
their childhood years. Thus, at least methodically, any incoming Scandinavians in the British
Isles may be identified. Such analyses have shown that a woman buried in Yorkshire most
likely grew up in northern Norway (Speed and Walton Rogers 2004), and that a mass burial
of 51 decapitated males in Weymouth may have contained members of a Scandinavian
raiding party (Evans, et al. 2012; Pollard, et al. 2012). The latter showed a population with
diverse backgrounds; a result which matches strontium analysis of the presumed army of
Harold Bluetooth at Trelleborg in Denmark (Price, et al. 2011). However, little is known
about mobility patterns amongst the Scandinavian homeland populations in general. There
are overlaps in geological and climatic variations between areas of Scandinavia and the
British Isles, which makes the isotope analyses more complex. Another aspect which has
been used in attempts to discern between ‘Vikings’ and ‘Anglo-Saxons’ is diet. This line of
7

enquiry is based on the hypothesis that there were considerable differences in diet that can
be attributed to differing ethnic or cultural identities, based on both geographical
availability of resources and culturally different foodways. At present only a small number of
isotopic dietary studies have been carried out on populations in the Scandinavian
homelands, and the comparative data is therefore limited. During the Viking Age the
Scandinavian countries shared a significant number of cultural elements and can therefore
be seen as fairly homogeneous. However, there are huge regional and geographical
differences which would affect the availability of resources, and thereby also subsistence
strategies and individual diets. This project therefore aims to investigate patterns of diet
and mobility in Viking Age Norway through isotope analyses, in order to develop baseline
data. This will be compared with similar data from the British Isles and elsewhere in
Scandinavia. Combination of this isotope data with analyses of archaeological evidence
provides insights into mobility and the extent of heterogeneity within the Viking Age
populations. At the same time such analyses may also offer opportunities for reflection on
the impact the contact had on the Scandinavian migrants and the communities in both the
receiving countries and the Viking homelands.
1.1. Research objectives
The overall objective of this dissertation is to study diet and mobility in Viking age Norway
and the British Isles through stable isotope analysis. The interpretation of the scientific data
will be underpinned and contextualised by investigating analyses of social identities through
interpretation of funerary records, and the ways in which the relationship between food
and identity can be examined through dietary analysis. In particular the project aims to
answer the following questions:


Are there any specific dietary traits that can be connected to Viking identities?



How does diet in the Scandinavian homelands compare to diet amongst
contemporary populations in the British Isles?



What are the mobility levels in the Scandinavian homelands, and how do these
relate to different aspects of identity? How does this relate to the makeup and
geographic origins of presumed and confirmed Scandinavian raiders and settlers
in the British Isles?
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The project aims will be achieved in the following ways:


Studying current and previous research into social identity and the interpretation
of identity in the archaeological record. Social identity in Viking age Norway and
the British Isles will be explored, and how this has affected and has been affected
by migration between the two regions.



Carrying out analysis of carbon and nitrogen isotopes (for diet) and oxygen and
strontium isotopes (for mobility) on a sample of 37 skeletons from Late Iron Age
Norway. The isotopic data will be analysed in relation to each individual’s burial
circumstances such as geographical location, grave goods, age and sex.



Carrying out analysis of carbon, nitrogen, oxygen and strontium isotopes on a
sample of ten skeletons from Repton in Derbyshire, representing individuals from
the 9th century Viking burials, individuals from the charnel deposit, and
individuals from the later, possible Scandinavian cemetery.



Comparing the isotope data from the Norwegian and English samples with
previously published isotopic data from a number of Viking and Anglo-Saxon sites
elsewhere in Scandinavia and the British Isles.

 Contextualising the results of the scientific analysis by considering how the
isotopic data may be reflective of social identities, and how they may help shed
light on the complex cultural interactions between the Scandinavian settlers and
the indigenous British population.
1.2. Dissertation outline
The dissertation will start by presenting the theoretical and methodological framework
which forms the basis of this work. Chapter two will give a brief summary of the historical
background; the emphasis here will be on the relationship between Scandinavia (and
Norway in particular) and the British Isles during the period known as the Viking Age. A
thorough evaluation of current research is outside the scope of this project, however the
main developments in the history of the period will be given. Furthermore cultural aspects
directly relevant to this dissertation will be discussed, such as burial customs. The focus will
then turn to the analysis of social identity in archaeology, and how different aspects of
individual and group identities can be investigated and identified in the archaeological
record. This will be followed by a review of the study of migration and mobility, and finally
9

by a presentation of the methods and applications of isotope analyses. Chapter three will
present the original material used in this project, and a give a brief summary of the sites
from which previously published comparative data is drawn. The specific analytical
techniques will also be given here. The results from the isotope analyses will be presented in
chapter four; followed by an analysis of the evidence for mobility through the oxygen and
strontium results, and for diet through the carbon and nitrogen results. Chapter five will
provide a discussion of the patterns and trends discovered, and will contextualise the results
within the frameworks presented in chapter two. Finally, the implications of the results
found in this project will be considered alongside suggestions for further work in chapter six.
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2. Theory and Method
This chapter presents the underlying theoretical and methodological framework which
forms the background to the dissertation. Section 2.1. gives a general overview of the Viking
Age; the emphasis here is on the contact between Scandinavia and the British Isles, and the
nature of this contact. Furthermore this section provides a summary of typical Viking
funerary customs in Scandinavia. A number of specific sites relevant to this project are
presented in section 3. Sections 2.2. to 2.4. will give an overview of aspects of identity and
migration relevant to the current research. Finally section 2.6. will discuss isotope analysis
of human remains.
2.1. Historical background
The beginning of the Viking Age is traditionally given to start at the end of the 8 th century AD
with the earliest documented raid in England, on Portland in 789AD (Richards 1991:16), and
end with the defeat of Harald Hardråde at the battle of Stamford Bridge in 1066 (Brink
2008c). In Norway, the period forms part of the Late Iron Age, (approx 550-1050AD), which
encompasses the Merovingian-period (approx 550-800AD) and the Viking Age (approx. 8001050AD). The word ‘Viking’ is used in this dissertation to refer to the broad category of
cultural traits with origins in 8th to early 11th century Scandinavia (see e.g. Abrams 2012:18;
Brink 2008a:3; Downham 2012:1 for discussions of terminology for this period ).
The expansion that took place from present-day Norway and the other Viking
homelands during this period is well known from historical sources. The reasons for the
expansion have been subject to debate; traditionally causes are thought to be a
combination of population pressure in the homelands, an increase in trade with the wealthy
and politically stable Western Europe, and centralisation of power and subsequent
competition between would-be rulers in the Scandinavian countries (e.g. Haywood 1995:911). A recent review of the possible causes of the Viking Age is given by James Barrett
(2008). Barrett proposes a further causal factor; that a surplus of treasure-seeking young
men looking for ‘bride-wealth’ – as evidenced by the presence of insular artefacts in female
graves in Norway – in combination with a “fatalistic mentality” may lie at the root of the
development of the Viking age (Barrett 2008). However, an issue with models such as this is
that it does not take into account the complex symbolic roles of these imported objects, and
11

the meanings they may have had within the homeland communities. This has for instance
been demonstrated recently through Zanette Glørstad’s evaluation of the role of insular ring
pins in Norway as symbols of negotiation of Scandinavian cultural and political power in the
British Isles (Glørstad 2010). However Barrett also argues that both long- and short-term
processes must equally be taken into account (Barrett 2008:681). It is possible that the
Viking raids and outwards expansion from Scandinavia developed as a result of early contact
across the North Sea; strengthen by internal tensions, whilst simultaneously having a
stabilising effect on the political situation in the homelands (Glørstad 2010:212).
Overall the Viking activity in the British Isles ranged from plundering to trade and
settlement (for in depth accounts of the historical development in Viking age British Isles,
see e.g. Griffiths 2010; Hadley 2006; Haywood 1995; Lund 1997; O Corrain 1997; Price and
Brink 2008; Sawyer 1997, 1998; Wilson 1989, 2008). From the areas that make up presentday Norway, the main focus of attention is thought to have been Ireland, Scotland and the
islands of the North Atlantic in the early part of the period (Glørstad 2010:210). In
particular, both historical records and artefactual evidence emphasize the relationship
between Norway and the areas around the Irish Sea (see Glørstad 2010:216-231 for a
summary; Griffiths 2010). The majority of imported artefacts from the Ireland is found in
Norway, largely in graves, whereas the few found elsewhere are generally from trading
places such as Birka and Hedeby (Glørstad 2010:215; Solberg 2003:248). This, alongside
other archaeological and historical evidence has led to the view that Vikings from Norway
mainly went to the northern parts of the British Isles and the Irish Sea, whereas southern
areas, such as England, were targeted by Vikings from modern-day Denmark. However, this
view may lack nuance and imply greater homogeneity than what was perhaps the case. In
particular, a dependence on historical sources has emphasised divisions based on the
national identities of Denmark, Norway and Sweden, even though these delineations did not
exist until later in the period (Abrams 2012:21). In fact, as argued by Lesley Abrams (2012),
this simplification of geographical distribution of migrants based on national divisions
ignores the contact between the different immigrant communities, their homelands, and
the host countries. Furthermore Svanberg (2003) argues against the view of three main
nationalities (i.e. Norway, Sweden and Denmark), and emphasises instead the presence of a
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wide range of communities and histories without a “single and uniform ‘Scandinavian Viking
Age culture’” (Svanberg 2003:202).
The extent of the permanent settlement in British Isles by Scandinavian Vikings has been
extensively debated (see e.g. Hadley 2006:1-27; Sawyer 1957), and much of this debate is
caused by the difficulty of identifying Viking settlements (Richards 2000:295). Identifying
burials is even more problematic; fewer than thirty burials from England have traditionally
been classified as ‘Viking’ (e.g. Halsall 2000; Redmond 2007; Richards 2002), with somewhat
greater numbers from the Isle of Man, the Scottish Isles, and Ireland (see e.g. Griffiths 2010;
Redmond 2007; Wilson 2008). However, as argued by Julian Richards (2002) and Angela
Redmond (2007), the problem largely relates to identification of Viking graves. Typically
Viking graves in the British Isles are identified through the presence of grave goods; a pagan
practice which had gone out of fashion in a largely Christian cultural landscape. However,
variation in burial rites in the Scandinavian homelands is considerable (see for example
Abrams 2012; Price 2008; Svanberg 2003), and Abrams (2012:22) argues that “the idea of a
single Scandinavian burial custom has nonetheless been damagingly persistent in British
archaeology”.
In Viking Age Norway, both inhumations and cremations are found. In both cases many
(but not all) graves were marked by a mound, or by stone settings. Evidence of timber (and
more rarely, stone) coffins are occasionally found. Ship burials, where the dead was either
placed in a partially or completely buried boat, or cremated within a ship, are also common
in Norway. Both cremations and inhumations contain varying quantities of grave goods,
which may include items of clothing, jewellery, weapons, as well as tools and utilitarian
equipment, and sometimes animal bones (Solberg 2003:223). There is usually a distinction
between the furnishings of male and female graves. The former are mainly defined by the
presence of weapons and possibly also carpentry or blacksmithing tools, whereas the latter
may include jewellery such as oval brooches, several beads and keys or textile equipment
(Glørstad 2010:62). The validity of these definitions has been questioned, but comparison of
artefacts with osteological analyses have shown that they are generally reliable (Glørstad
2010:62-63). In most cases the deceased were laid out in a supine position, although variety
occurs; for example in the burial ground at Jøa in Trøndelag, where the dead were placed in
a seated position in unmarked graves (Marstrander 1978; see section 3.1.1. below).
13

An important point to note here is that burial forms can be actively used to manipulate,
assert and legitimise identities, and may vary as a result of assimilation and acculturation in
the nexus of different cultural traditions. Thus, identification of the Scandinavian presence
in England solely through strictly ‘pagan’ burial forms is unlikely to provide an accurate
picture. Burial forms may, however, be indicative of the nature of the relationship between
the newcomers and the indigenous populations. To better understand this interaction it is
vital to consider the ways in which burial customs may reflect different aspects of the
Scandinavian settlers’ identities, and the transformations which may take place as the
migrants and their descendants relate simultaneously to their old and new homelands.
2.2. Social identity in archaeology
Richard Jenkins (2004:5) defines identity as “the systematic establishment and signification,
between individuals, between collectivities, and between individuals and collectivities, of
relationships of similarity and difference”. The study of social identity in archaeology
includes analysis of topics such as ethnicity, social status, age and gender amongst others.
Lynn Meskell explains that there are two main levels to social identity. The first level
includes the identities that are defined by formal associations on the broader, social level:
these may take longer to change. The second exist on the individual or personal level; these
are fluid, more frequent and immediate (Meskell 2001:189). Furthermore she emphasises
the need to break down the categories and divisions we see as “natural”, and to avoid
placing people from the past into “a priori western taxonomies” , which may not be
appropriate in other cultural contexts (Meskell 2001:187-189).
An important aspect of identity, both in archaeology and other social sciences, is the
concept of ethnicity. In early 20th century archaeology, discussions relating to ethnicity were
closely tied to the culture history paradigm. Here the concept of the archaeological culture,
and all its associated material remains, was tied to a specific, defined ethnic group. This
provided a framework for classifying cultures both temporally and spatially, and thus a
means to approach questions relating to cultural change, migrations and group interaction
(see e.g. Jones 2007:45; Nilsen and Wickler 2011:56; Trigger 1989:148-206). This approach
often had a strongly political dimension (Naum 2008:23), whereby definitions of ethnicity
and cultural groupings in the past served to strengthen and legitimise the construction of
new European nations and legitimise claims to territory (Jones 2007:44). Hence the
14

emphasis was placed on “boundedness, homogeneity, and continuity” (Jones 2007:46).
Gradual change was explained as being caused by internal drift, whereas sudden change
was seen as solely caused by external influences, such as migration and conquest (Jones
2007:45).
In the 1960s and 1970s there was a distinct shift in the approach towards ethnicity,
whereby there was more focus on how individuals identified themselves, how group
boundaries were constructed, and on socio-cultural group interrelationships (Jones
2007:47). Of particular note was the work of Fredrik Barth, and the focus moved to “a view
of ethnic identity as fluid, flexible and impacted by changes in individual identity” (Nilsen
and Wickler 2011:56). This period also saw a focus on the economic and political aspects of
ethnicity, but has been criticised as being instrumentalist (Jones 2007:48; Nilsen and Wickler
2011:56). More recently, according to Sian Jones (1997, 2007), the attention has been on
the more dynamic side of ethnicity, and the importance of recognising ethnic groups as
“fluid self-defining systems which are embedded in economic and political relations”(Jones
2007:48). Naum (2008:25) emphasises that ethnic identity is only one of many identities,
and should be considered alongside individual-, social-, gender-, cultural- and other
identities. The relationship between ethnicity and culture, and hence also ethnic and
cultural identities, can be explored through Bourdieu’s concept of the habitus (Bourdieu
1977;

for a summary see e.g. Reay 2004:432-436). This, it is argued, is likely to be

transmitted within groups with homogeneity even though individual experience is personal.
Although habitus does not equal ethnicity, the construction of identities is essentially
founded upon shared norms and experiences which shape and are shaped by practice and
social experience (Jones 2007:49-52; Naum 2008:26).
This fluid nature of ethnic and other identities makes it clear that identities change over
time, and therefore with the age of an individual. Ethnic, cultural and gender identities are
learnt from an early age, but age as a concept may also be a defining factor in shaping
identities. In archaeology much of the emphasis is on the adult aspects of society, with age
based studies focusing mainly on children (see Lucy 2005). Only recently have there been
significant studies into the archaeology of old age. One such study suggests that through the
application of new interpretations of skeletal data we can achieve a better understanding of
the social meaning of age and the ageing process (Appleby 2010). We need to consider the
15

chronological, biological and social aspects of age, and understand that there is no “one-toone relationship” between the three (Appleby 2010:149). Furthermore we cannot simply
use our own western categories of age, as the cultural setting of each society and thus the
social constructions of age must be taken into account (Lucy 2005:58).
Gender as an identity may be closely linked an individual’s other identities. A typical
definition of gender is the category to which an individual belongs on the basis of physical
and biological differences between the sexes. However this strict distinction between sex
and gender has recently been criticised, with the current emphasis being on the “mutual
interactions and influences between them” (Díaz-Andreu 2005; Stig Sørensen 2009:254).
Gender identities relate in complex ways to other aspects of identity, such as age categories
and lifecycles (Stig Sørensen 2009:256), as well as to different types of hierarchies and
power (see Díaz-Andreu 2005:18-21). Of particular importance to archaeology is the
relationship between gender and material culture, as the latter is actively used to
communicate social identities. This has for example been employed in the analysis of the
changing symbolic role of ringed pins in Viking Age Norway (Glørstad 2010). Furthermore,
Marie Louise Stig Sørensen (2009:255) argues for the importance of seeing people as “both
gendered individuals and social agents”. For instance, the role of women in the exchange of
marriage partners should not be seen as passive, but rather emphasise these women’s
influence on political alliances as well as on cultural and religious exchange and
development (Díaz-Andreu 2005:31; see also Skipstad 2009).
Status, or social stratification, is another aspect of identity that has been given much
attention by archaeologists. Studies of status encompass a number of aspects, including
economic classes, social status, and power and political status (Stine 1990:38). Much
research has been founded on the prevailing idea of status as “exclusively the consequence
of power obtained through and expressed in economic prerogatives” (Babic 2005:66). This
view is principally based on the ideas of Karl Marx, and contrasts the views of for instance
Weber, who emphasised social and ideational factors created within specific historical
circumstances (Babic 2005:68). Research into status has, in line with other aspects of
identity, gone through a number of paradigm shifts in the last few decades. When culturehistorical views prevailed, the focus was strongly placed on the artefacts, and particularly
the exceptional ones. These ‘rich’ finds were almost automatically and universally correlated
16

with social stratification. Furthermore, there was an “automatic correlation between
authority and wealth” (Babic 2005:70). The processual approach in the 1960s and 1970s was
more focused on systems thinking and cross-cultural methodologies. Thus a connection was
sought between the archaeological data and a model of society; the latter taking ideas from
neo-evolutionary research and providing a scheme for the development of societies from
egalitarianism to stratified forms (Babic 2005:71). In terms of burial archaeology, there was
seen to be a direct correlation between the amount of communal effort invested in a
funerary rite and monument, and the rank or status of an individual – a view which has
become very influential (Babic 2005:72). A further development in the early 1980s was the
interpretation of funerary monuments as territorial markers, showing community claims
over resources (Babic 2005:72). The paradigm shift in archaeological theory in the 1980s has
led to much concern with the “active strategies of individuals in their social lives, present as
well as past” (Babic 2005:76). As a result status in archaeology is beginning to be treated as
a more complex process. There is recognition that there is a need for more of an
understanding of the nature of conditions and differences in society, and how these
promote and affect change and continuity (Babic 2005:77). For instance, Lynn Meskell
(2001:191-192) argues that class systems should not be seen as closed and determined by
society. Recent research, she argues, has emphasised an agent-centred approach rather
than a system-based one, where dynamism of interactions is important. Thus it is not only
the elite who could cause change, but also “subordinate groups could affect the structure of
hierarchy” (Meskell 2001:192).
The most common source for the interpretation of status in archaeology is still funerary
evidence, most notably grave goods. For example, high status in the Anglo-Saxon period has
long been inferred from the presence of weapons as grave goods in so-called ‘warrior
graves’ (see e.g. Härke 1990). In Viking Age Norway female status has been inferred through
a combination of grave goods, male-to-female grave ratios, and geographical location
(Dommasnes 1987; Glørstad 2010:119-120; Solberg 2003:269; see also Stig Sørensen 2009).
It is, however, important to be cautious about inferring status (or indeed any aspect of
identity) directly from funerary treatment. In the 1980s proponents of contextual
archaeology, such as Ian Hodder and Evelyn J. Pader, emphasised this, and used
ethnographic examples to show that the grave may not contain material manifestations of
17

actual, pre-death social status (Schülke 1999:94). It was suggested that it was the society’s
ideology that was reflected in the grave, and that the grave with its material context should
be seen as ‘intentional data’, which was deliberately constructed (Schülke 1999:95). Joanna
Appleby (2010:159) summarises three vital considerations: Firstly, that the deceased did not
bury him- or herself, but was most likely interred by members of the community he or she
was part of in life. Thus the motives of those carrying out the burial must be taken into
account. Secondly, the burials should be seen as “arenas for negotiation and reworking of
social position and power” (Appleby 2010:159). Thirdly, despite the focus on the living
community, the deceased and his identity should not be disregarded, especially as he may
have been involved in planning the funeral before death.
Despite the increasing awareness of these issues, there are not yet any compelling
solutions to such challenges. A more contextual approach would certainly be beneficial; a
categorized analysis of funerary treatment is then carried out alongside an interpretation of
which aspects of the ideological world may be represented in the grave (see Schülke 1999
for a review). Graves without grave goods should also be integrated into such discussions
(Schülke 1999:98). Furthermore, in the context of the relationship between old age and
identity, Appleby (2010) suggests an approach which takes a much more detailed account
of skeletal changes and how these may contribute to age identity. By comparing such
features with more traditional archaeological data she suggests we may be able to engage
more closely with social formations and social change. To summarise, the best approach
appears to be one which takes into account a combination of the social and ideological
background the grave was a part of, the wider material context of the grave and its context,
and the physical and biological evidence of the deceased. It is to this latter category in
particular that stable isotope analysis can make a significant contribution.
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2.3. Migration, mobility and diaspora
Studies of migration in archaeology, which for a long time were regarded as an essential tool
for investigating cultural change, have gone through a number of paradigm shifts over the
past decade. In the first studies of migration by nineteenth century antiquarians, cultural
change was explained as occurring only through the movement of cultural traits alongside
people. Soon this concept was developed alongside linguistic and racial studies, and by the
pre-war period migrationism dominated as an explanatory model for cultural change (Naum
2008:7). Much focus was on invasion and conquest, with the indigenous cultures and
populations usually entirely displaced or eradicated. An example of this is the study of
possible migrations in Anglo-Saxon England. Much early work was based on historical
documents which tell of a large scale invasion by Germanic peoples displacing any surviving
native Britons to the west and to the north (Hills 1999:178-179). Scholars such as E T Leeds
and J N L Myers placed most of their emphasis on tracing these invasions and the artefacts
left in their wake by studying aspects such as pottery and brooch distributions (Hamerow
1997:34). Such views were also part of changing historical traditions and political climates,
and have had close ties with the formation and strengthening of national identities.
Migration of people spreading out from a common homeland is a recurrent theme in
historical narratives including biblical sources, and as Hills (2003:16) points out, underlies
most early research in history and archaeology. For instance, the traditional migration
model saw the Germanic English emerge as a separate people from the Welsh and the
Scots, and thus established England’s superiority over its Celtic neighbours (Hills 1999:180).
However in the political turmoil which followed the two world wars, the ways in which
migrations and ethnic interpretations had been abused to establish nationalistic identities
caused a rapid move away from migrationist explanation (Naum 2008:8). In England the
ancestral link with Germany was no longer as desirable. Instead there was an increased
interest in proving continuity from the Roman to the medieval period (Hills 1999:180;
2003:37).
Paradigm shifts within archaeological theory must also be seen as the source of the
changing views on migration. The processual archaeology of the 1960s and 1970s (see
Johnson 1999; Trigger 1989) saw archaeologists move away from migration theory in favour
of more complex models of social change (Hamerow 1997:35). For instance, Gordon Willey,
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who studied populations in Viru Valley, Peru, pioneered interpretation of long-term social
change as a result of internal transformation as opposed to migration and diffusion (Trigger
1989:282-284). It was in this new theoretical climate that many archaeologists started
moving away from migration as an explanation of socio-cultural change, and thus from the
idea that ‘pots equal people’. In the two decades that followed the tide was to turn again.
Archaeologists like David W. Anthony, in his article “Migration in Archaeology: the Baby and
the Bathwater” (1990), argued that there was no need to reject migration as a concept,
merely the culture-historical framework in which it was placed. The problem was a lack of
appropriate methodologies to understand and interpret the ways in which these processes
occurred.
In the past twenty years, the rapid development of DNA analysis has had a major
input into archaeological research and studies of ancient migrations, in particular for
modelling human evolution and subsequent migration from a common, African point of
origin. Such DNA analyses unfortunately come with limitations in their usefulness for
historical (and protohistorical) periods, due to the considerable timespan required for
genetic mutation to take place. More recently still, stable isotope analysis has provided us
with the opportunity to trace the region in which an individual spent their childhood from
preserved teeth and bones – and thus get biological ‘proof’ of geographic movement. The
high number of research projects and published articles on this and related topics attest to
the popularity which the study of movements of people has regained. It is notable that the
emphasis is now commonly on studying ‘mobility’ rather than ‘migration’ – a reflection of
how evidence for movement on the level of the individual is no longer seen as testimony to
‘migration’. An important consideration here is how to distinguish between ‘mobility’ on
one hand and ‘migration’ on the other? The boundary is more blurred if the latter includes
smaller scale movements, which may incorporate individual relocation and “social strategies
of regular movements within a defined home region” (J. Montgomery and J. Evans
2006:123). In terms of Viking archaeology, the term ‘diaspora’ has become a favoured
description of the 9th to 10th century settlements established as a result of emigration from
Scandinavia (Abrams 2012). This description is reviewed by Lesley Abrams who defines a
diaspora as “any community that has emigrated and remains culturally visible in the
receiving nation” (Abrams 2012:19). In particular, Abrams emphasises the attributes of
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diaspora listed by Robin Cohen (1997), which alongside aspects such as maintenance of
ethnic group consciousness also includes several references to the connections with,
memories of and possibility of return to, a real or imagined homeland (Abrams 2012:20).
This perspective hence makes room for shared (though not quite universal) cultural
identities amongst Scandinavian migrants, maintained through links between different
overseas communities and the homelands whilst also allowing for regional adaptions and
differences in the interaction with the receiving countries.
2.4. Food and identity
Food is a vital and integral part of human life, and as a result is closely linked to the ways in
which humans interact. As a form of material culture, food is therefore actively involved in
the creation, maintenance and transformation of social identities (van der Veen 2007:113).
Through ingestion there is a close relationship between food and the individual, and eating
has been described as “a material construction of the self in much more than a
metaphorical sense” (Dietler 2007:222). The process of eating, in other words, creates the
physical part of the individual whilst also playing a role in the creation of identities. The
quotidian meal is both a biological necessity and a repeated social act, and as such creates
shared traditions which become part of the individual’s habitus (Dietler 2007:310; Hastorf
and Weismantel 2007). Social distinctions can be communicated through differential access
to food and through procedures relating to food consumption and production (Twiss
2007:2). In particular, rank and power may be demonstrated and negotiated through
provision and consumption of food and drink at feasts. Feasting is generally characterised by
an abundance of food, and may (though not always) feature unusual or exotic ingredients,
and/or rarer preparation styles or unusual presentation (Hastorf and Weismantel 2007:311312). Through the feast the host expresses and acquires status, whereas the “guests accept
the obligation to give something in return, either deference or labor” (van der Veen 2007).
In this way social relationships are developed and upheld. Social strata may also be actively
maintained through adaptation of new cuisines or dietary patterns. For example, Richard
Thomas (2007) demonstrates a shift in high status foods in medieval England. In the early
medieval period a high consumption of meat was a privilege of the elite, whereas the diet of
the lower classes was largely based on cereals and contained little variation. However from
the late 14th century onwards, a combination of social, environmental and economic factors
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(including failed crops, wars, climate change and population decline after the Black Death)
lead to changes in class distinctions and in increased consumption of meat amongst the
lower classes. Analysis of zooarchaeological remains from medieval sites has shown an
increase in the proportion of wild birds in elite diets in this period, and Thomas suggests this
as an active strategy for “re-establishing the boundaries between social class and
diet”(Thomas 2007:144). Similarly, certain foods or foodways may be specific to, and may
be markers of, certain cultures or cultural practices. In colonial and multi-ethnic contexts
food may both actively and accidentally create and maintain boundaries, and may also be
used as a means for gaining control and express “fear or confidence, submission or
aggression” (Hastorf and Weismantel 2007:320).
Much archaeological research into food focuses on subsistence. Processual approaches
have particularly focused on systems based, cross-cultural approaches to subsistence,
tailored to particular environments. Many processual studies use nutritional science as an
approach (relating food almost entirely to health), and ecological approaches are also
common (Twiss 2007:4). Postprocessual archaeology, with its emphasis on the active role of
individuals, has much more of an emphasis on the sociality of food (Twiss 2007:6). Overall,
there is now widespread recognition of both the ecological and the social aspects of food
being fundamentally important within cultures in the past and present.
2.5. Summary and new approaches
To summarise, research into Viking activities within and outside the Scandinavian
homelands requires an interdisciplinary approach which encompasses archaeology, history,
linguistics and toponymics alongside an appreciation for the social processes involved in
population movement and cultural interaction. An understanding of different aspects of
identities, such as ethnicity, social status, age and gender, is vital in order to explore the
relationships of similarity and difference between groups and individuals. In particular, the
study of changing ethnicities during the Viking Age has been given much attention lately,
and has led to an increased use of the term ‘diaspora’ to describe the spread of
Scandinavian people and culture in the 8th to 11th centuries AD. This is a result of a better
understanding of the limitations traditional models of mass migrations, and shows a greater
emphasis on small-scale, linked migrations and the importance of networks and connections
between migrants; with, within and between original and acquired homelands.
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Archaeological evidence for Viking activity in the British Isles has in many places remained
elusive, and thereby left many questions unanswered. Recent developments in
archaeological science may here provide valuable contributions, when added to the existing
repertoire of interdisciplinary analytical techniques. Isotope analyses of human skeletal
material may be of particular significance, as it has the potential to identify the geographical
region in which a person spent their childhood years; thus shedding light on the mobility at
the level of the individual. Furthermore dietary analysis may elucidate trends, changes, and
continuity in foodways, which may be closely linked to aspects of group identities. A careful
contextualisation of the scientific data is therefore vital in order to facilitate meaningful
interpretations of the analytical results.
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2.6. Stable and radiogenic isotope analyses
This section will outline the general principles involved in isotope analyses and the specific
methodologies used in this project, alongside a review of some of the most relevant
applications of this type of research.
2.6.1. General principles
For more than 40 years, analysis of stable and radiogenic isotopes has been used in
archaeological research to contribute to the understanding of ancient diets and mobility
patterns. From around the second half of the twentieth century there were great advances
in stable isotope research in other fields, which developed a greater understanding of
isotopic variation in the biosphere and geosphere (Katzenberg 2008:44). Stable isotopes of
carbon were the first to be studied in archaeology, and the most significant impact of this
type of research was seen in the New World and Africa. This was due mainly to the
importance of the introduction of certain plants such as maize, referred to as C4 plants (see
below) (for a brief overview see e.g. Katzenberg 2008:414-415; Pollard, et al. 2007:186). In
European research, the most common application of stable isotope analysis has been the
distinction between reliance on marine and terrestrial resources, and in particular the study
of the transition between the Mesolithic and the Neolithic (Pollard, et al. 2007:186-187).
More recently the study of radiogenic strontium isotopes has contributed greatly to the
understanding of past mobility and migration patterns, and has provided a means to identify
practices such as exogamy and kinship residence patterns (see e.g. Haak, et al. 2008).
Isotope research is based on variations in the ratios of different isotopes of certain
elements. An element may have a number of different isotopes. These are atoms which
contain the same numbers of neutrons and electrons, but which vary in the number of
protons and therefore also atomic mass. For instance, carbon has two stable isotopes; 12C,
the most common of the two, which has six protons and six neutrons, and 13C which has six
protons and seven neutrons (see e.g. Pollard, et al. 2007:217-234). In addition carbon has
one radiogenic (or unstable) isotope,

14

C, which over time decays at a constant rate. The

stable isotopes however remain constant, and isotope ratios measured in organic
archaeological materials therefore reflect those of the organism’s tissues at the time of its
death (Le Huray, et al. 2006:100).
24

The variation in mass between different isotopes means that isotopes of the same
element have somewhat different chemical and physical properties. They may therefore
behave differently in chemical reactions (Katzenberg 2008:415). For instance, in the water
cycle the ratios of oxygen isotopes vary, which means that ocean water differs from
rainwater in isotopic content. This is due to a process known as fractionation, whereby the
heavier isotope is discriminated against (i.e. less likely to take part) in processes such as
evaporation (Pollard, et al. 2007:170). Similarly when plants convert atmospheric CO2 into
glucose, the ratios of

13

C and

12

C in the plant tissues will differ from those of the

atmospheric CO2 because the heavier

13

C isotope will react more slowly than

12

C

(Katzenberg 2008:415). Such fractionation processes take place in other biological systems
too, and we can therefore see differences between members of local dietary systems such
as plants, animals and humans (Le Huray, et al. 2006:100).
Stable isotope ratios measured in archaeological materials are compared to known
values of standard materials, using the notation of δ (delta) in parts per thousand, ‰
(permil). This is calculated using the following formula, where R refers to the stable isotope
ratios:
δ in ‰ = [

]

The standards used are international standard reference materials, which vary
depending on which element is being analysed (see Table 1). For example, the standard for
nitrogen is atmospheric nitrogen, and if the measured ratio in a sample is identical to the
isotope ratio in atmospheric nitrogen, then the δ value will be zero (see e.g. Pollard, et al.
2007:170-171). Laboratories also use internal standards routinely when running batches of
samples in order to determine consistency in instrument measurements.
Isotopic ratios can be measured from a number of tissues in osteological material, with
Element

International standard

different

benefits

and

Carbon

PeeDee Belemnite (VBDB)

disadvantages. Bone consists of a

Nitrogen

Atmospheric Nitrogen (Air)

Oxygen

Standard Mean Ocean Water (VSMOW)

mineral fraction (approx. 70%)
and an inorganic fraction (approx.
30%). The former is largely

Table 1 International standard reference materials

composed of hydroxyapatite (and
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a small amount of carbonate), and the latter is mainly collagen, which is a structural protein.
Bone collagen is usually the preferred tissue for isotopic dietary analysis because although it
is susceptible to degrade over time, it appears that the isotopic ratios in collagen are largely
unaffected by diagenesis (Pollard, et al. 2007:182). As bone cells constantly renew
themselves the collagen extracted from archaeological bone will reflect the last few years of
the individual’s life. Furthermore different bones have different turnover times, so analysis
of collagen from e.g. a femur will provide average isotopic ratios reflecting a longer time
span than e.g. collagen from a rib (see Sealy, et al. 1995). It is also possible to extract
collagen from dentine. Dentine is laid down during the formation of the tooth and
essentially remains unaltered after tooth eruption. For this reason collagen extracted from
dentine can provide isotopic ratios from childhood diets (Pollard, et al. 2007:188). Tooth
enamel, which is frequently used for analysing oxygen and strontium ratios, also remains
unaltered after eruption and has the added benefit of being very resistant to contamination
from diagenesis. As permanent teeth develop in humans, the isotope ratios the individual is
exposed to at that point in time are laid down in each tooth, and remain unaltered. Teeth
develop at well documented ages, although variety does occur (see Brothwell 1981:64-65).
Thus, by analysing different teeth or indeed different sections of each tooth, variation can
be detected.
2.6.2. Carbon and nitrogen isotopes
Carbon and nitrogen are the two most commonly studied elements for palaeodietary
research. As discussed above, the fractionation processes that take place in biological
systems, including humans, allow us to observe differences in isotopic ratios between
different members of a food system. Thus, the δ13C and δ15N values measured in bone and
dentine collagen are directly related to dietary intake, and allow us to interpret past diets.
As a general guide, δ13C values in bone collagen are approximately 5‰ greater than the δ13C
of the diet (Katzenberg 2008:424). Thus, it is possible to analyse the dietary emphasis of
different plant species, referred to as C3 and C4 plants, in an individual’s diet. Whilst most
plants native to temperate Europe fix carbon using what is known as the C 3 photosynthetic
pathway, certain plants found in more tropical climates, such as maize, sorghum and millet,
use a pathway known as C4. These plants are adapted to heat and aridity, and thereby
discriminate less against the 13C isotope (Katzenberg 2008:423). As a result δ13C values of C4
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plants range from -9 to -14‰, whereas C3 plants range from -20 to -35‰ (Deines 1980 in
Katzenberg 2008:423). This difference will also be reflected in the consumers of such foods.
In Viking Age Northern Europe, C4 plants were not a part of local diets (Kosiba, et al.
2007:401), so any differences in 13C/12C ratios will occur for other reasons. Carbon isotope
ratios can also reflect how heavily a diet was based on consumption of terrestrial foods vs.
seafood. Marine organisms get their carbon from dissolved carbonate, which has a δ13C
value of 0‰. Terrestrial organisms on the other hand get carbon from CO2, which has a δ13C
value of -7‰, and mammals feeding off these different ecosystems reflect this difference
(Katzenberg 2008:425).
Variations in nitrogen isotope levels are dependent on trophic levels, i.e. where an
organism is in the food chain. Trophic levels can be inferred from stable nitrogen ratios as
successively higher trophic levels show enrichment in the heavier isotope. For example,
carnivores display δ15N values that are around 3‰ higher than those of their diet
(Katzenberg 2008:425). Thus nitrogen isotope ratios can be used determine where in the
food chain an individual was, and can even be used to study infant feeding and weaning.
This is because a breastfeeding infant will essentially be one level higher up in the food
chain than his mother, and this will be reflected in the δ15N values of the infant. When
weaning starts the bone collagen δ15N values of the infant will gradually start to decrease
until the child is on a solid diet (Le Huray, et al. 2006:100). There are also differences in
stable nitrogen isotope levels between marine fish and mammals and terrestrial animals,
and it is therefore possible to distinguish between humans who live mainly on marine
resources and those with a terrestrial-based subsistence (Pollard, et al. 2007:172).
Furthermore nitrogen isotopes can inform about use of freshwater resources, as
carnivorous freshwater fish exhibit higher δ15N (and slightly higher δ13C) values (Katzenberg
2008:426).
Figure 1 shows a typical food web with theoretical values for δ13C and δ15N. However it
is important to note that there is variation among taxa and also within the same organism if
different tissues are analysed; therefore it is ideal to also analyse different animals and
plants from the environment being studied, and to view the human data in relation to these
values (Katzenberg 2008:425). Research has also shown that there are variations in δ13C
values in bone collagen relating to latitude and climate differences, which means that
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comparing data from different regions may be problematic (Van Klinken, et al. 1994).
Another important consideration is that analysis of bone collagen only provides information
about the protein component of the diet, and will therefore not necessarily give any
indications of the quality of a diet – and interpretations should thus be treated accordingly.

13

15

Figure 1 Typical food web showing expected δ C and δ N values for different diets (Le Huray, et al. 2006:101)
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2.6.3. Oxygen and strontium isotopes
Isotopes of strontium are found naturally in many rocks and minerals. One of the isotopes,
87

Sr, is formed through the radioactive decay of rubidium (Rb). The ratio of 87Sr to the stable

isotope 86Sr in a mineral is dependent on its initial Rb/Sr ratio and its age; therefore older
rocks usually have higher ratios (typically above 0.710) than recently formed rocks (ratios
typically below 0.704) (Bentley 2006; Budd, et al. 2004). As rocks weather and decay, the
87

Sr/86Sr ratio remains unaltered, and eventually finds its way into the food chain through

soils and ground water. Fractionation does not affect strontium ratios in the low
temperatures of biological systems (Montgomery and Evans 2006:124). It is therefore
possible to measure strontium ratios in human tissues, which preserve ‘geological
signatures’ from the local area where food and ground water originated. However, although
the strontium ratios are largely dependent on the underlying geology, a number of factors
mean that it is difficult to predict bioavailable strontium ratios from maps of geological
variations alone. Rocks weather at different rates, and differences in

87

Sr/86Sr ratios and

strontium concentrations between different minerals causes unequal contributions to
bioavailable strontium (Bentley 2006:141). In addition, both rivers and oceans may have an
effect on strontium ratios in soils and food sources. For instance seawater, through seaspray, consumption of marine foods or use of seaweed as a food or fertiliser, may
contribute to strontium ratios in the biosphere (Montgomery and Evans 2006:124).
Whenever there are two or more sources of strontium, the resulting

87

Sr/86Sr ratio will be

the weighted average of these, depending on the concentration in each of the sources
(Montgomery and Evans 2006:124). As an example, in a study of human burials at the Isle of
Lewis, the bioavailable strontium for those living in areas with a marine shell sand (known as
machair) ranged from around 0.7092 to 0.7105. In contrast, the underlying gneiss geology
yielded ratios of around 0.715, but this seems to have contributed very little to the overall
strontium ratios in the Lewisian biosphere (Montgomery and Evans 2006). Estimates for
local strontium ratios may be obtained through analysing faunal material, ideally
archaeological samples as these are unlikely to be contaminated by strontium derived from
modern fertilisers or airborne sources (Bentley 2006).
It is important to consider the effects of different diets on strontium ratios, as
different foods have different strontium concentrations. Plants are high in strontium but
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animal soft tissues are not, and consumption of imported foods may skew the measured
values (Montgomery and Evans 2006:125-126).
Tooth enamel is the preferred material for strontium analysis, as it is very resistant
to diagenetic contamination in comparison to dentine or bone; in the latter strontium from
groundwater at the burial site may completely replace that absorbed during the individual's
lifetime (Bentley 2006:164).
Oxygen isotopes also represent geographical regions, but through local climatic
variations. The oxygen isotope ratios found in skeletal tissues are dependent on the oxygen
consumed through the local ground water (Budd, et al. 2004:128). Precipitation varies in
isotopic content due to differing atomic weights of oxygen isotopes. The heavier isotope,
18

O, will fall as rain sooner than the lighter isotope,

16

O. Thus, as weather systems move

across geographic areas, for example from the Atlantic and across the British Isles, the
westerly regions will have a higher ratio of 18O relative to 16O than the regions further east.
On this basis, the isotope ratios in bones and teeth can be matched to geographical
locations. However, as Budd, et al. (2004:128) points out, differences in oxygen isotope
ratios in precipitation can also be influenced by altitude and climatic change, and it is
therefore beneficial to study large contemporary burial groups if possible. In addition,
certain areas have overlapping isotopic values, for instance some eastern parts of westerly
isles like Britain, and the western margins of parts of continental Europe and Scandinavia
(Budd, et al. 2004:129). Unlike strontium ratios which remain virtually unaltered between
the geological source and human tissues, oxygen isotopes will alter through fractionation as
they are incorporated into the body (Pollard, et al. 2007:191). Therefore, in order to match
δ18O values measured in the phosphate fraction of human teeth (δ18Op) to estimations of
oxygen values in drinking water (δ18Ow), a conversion or calibration needs to be applied. A
number of such calibrations have been produced, based on regression models developed
through experimental data (see Daux, et al. 2008; Levinson, et al. 1987; Longinelli 1984; Luz,
et al. 1984). However, as a recent article by Pollard, et al. (2011) argues, the estimated
errors associated with the mathematical process of converting measured δ18Op to estimated
δ18Ow can be very high. In fact, for the calibration produced by Levinson, et al. (1987), (the
most widely used in archaeological mobility studies), the uncertainty in the calculated δ18Ow
values can be as high as ±5.70‰ (Pollard, et al. 2011:502-503). As the estimated range of
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variation in δ18Ow in the entire United Kingdom is around 4.5‰ (Chenery, et al. 2010:152),
the implication is that matching calculated δ18Ow estimates from dental enamel with
meteoric δ18Ow maps carries inaccuracies too great for this to be an acceptable practice
(Pollard, et al. 2011:503). A better strategy may therefore be to compare measured δ18Op
values with similar data from elsewhere (see e.g. Leach, et al. 2009; Müldner, et al. 2011;
Pollard, et al. 2012 for examples of this method). The combination of δ18Op data with
strontium isotope ratios is most likely to yield a reliable indication of an individual’s
geographical origins.
2.6.4. Applications of isotope analyses in archaeology
As indicated in the methodological section above, isotopic analyses have the potential to
contribute significantly to our understanding of past diets and mobility. Although studies of
animal bones, pottery residues and environmental remains can give us indications of past
diets, there will still be many questions that remain unanswered. Many foods will leave no
trace in the archaeological record, and even for the foods that do, we usually do not have a
way of knowing exactly how they were eaten and by whom. To what extent does our
interpretation of the archaeological record reflect an accurate picture of past diets? Were
locally produced and procured foods exported, or consumed solely by the local community?
Did a society have differential access to certain foods, depending perhaps on status, age or
gender? And how did food customs and diets change? By studying human remains in
archaeology we are working with the individual participants in these societies, which gives
us the potential to obtain direct evidence of past diets – within the methodological limits
imposed by the techniques used. Most of the earliest studies using stable isotope analysis
were concerned with use of resources, and the introduction of new foods (notably maize) in
the New World (see e.g. Vogel and Merwe 1977 on the introduction of maize in New York
state). In Europe Henrik Tauber (1981) carried out the first study using δ13C data to
investigate diet, looking at prehistoric Danish material from the Mesolithic to the Iron Age.
Tauber identified a shift from a strong marine emphasis in the Mesolithic, to diets more
focused on terrestrial foods in the Neolithic. More recently the transition to agriculture in
the Neolithic in Europe, and particularly the speed at which this took place, has been
debated based on data from stable isotope research (see Pollard, et al. 2007:186-187).
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As discussed in section 2.4. above, foodways and access to food is often closely linked to
concepts relating to group and personal identities. Stanley Ambrose, et al. (2003)
demonstrated significant differences in composition and nutritional qualities of diet in
relation to status and gender at Cahokia in the Mississippi river valley in Illinois based on
analysis of δ13C and δ15N in bone collagen and apatite. Similarly a study from medieval
Denmark showed differential diets based on social status (Yoder 2012). At the Anglo-Saxon
cemetery at Berinsfield, Oxfordshire, Karen Privat, et al. (2002) compared carbon and
nitrogen isotope ratios with social distinctions based on age/sex and grave furnishings. The
results showed a difference between those graves classified as ‘wealthy’ and ‘poor’, and
also dietary differences between men aged over and under the age of thirty. It is
noteworthy that this difference appears to correspond to age-based status differences
among men at this site previously observed in the archaeological record by Heinrich Härke
(Härke 1995, in Privat, et al. 2002:787). No differences in diet were seen between males and
females at Berinsfield. In contrast, a study by M.P. Richards, et al. (2006) showed differences
in diet between male and female burials at the multi-period site of Newark Bay, Orkney,
which the authors state could possibly be attributed to gender-based participation in
specific activities. On a broader scale, differences in diet have been linked to ethnicities. A
study of diet and ethnicity in northern Scotland, which compared evidence from fish bones
and stable carbon isotopes, has suggested a large scale immigration of Norse farmerfishermen based on an intensity of fishing and a shift towards open-water fishing (Barrett,
et al. 2001). This study, and later research into diet in Orkney (see Barrett and Richards
2004), have demonstrated that differences in diet and use of resources were related to
ethnic and other identities. Would it, then, be possible to look at such relationships in
reverse too, in other words to infer ethnicities based on diets? This has recently been
attempted in a study by Pollard, et al. (2012). Individuals from two recently discovered mass
burials from St John’s College, Oxford and Ridgeway Hill, Weymouth, both thought to relate
to Viking activity in England, were analysed for δ13C, δ15N, δ18O and

87

Sr/86Sr isotopes

(Pollard, et al. 2012 and Chenery and Evans 2011 in Pollard, et al. 2012; see also section 4.4.
below). The Weymouth burials displayed δ18O values consistent with childhood origins in
Scandinavian countries, whereas the Oxford burials were somewhat more inconclusive.
Southern Scandinavian origins were a possibility for the latter, but many individuals could
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also have had UK origins. The dietary results from the Oxford burials were compared with
the diets of other, roughly contemporary populations to establish whether they had “a
greater dietary affinity with ‘Vikings’ than with the local Oxford population in terms of bulk
stable isotope values” (Pollard, et al. 2012:90-91). The authors concluded that the St John’s
burials showed a possible, albeit minor, affinity with ‘Viking’ rather than ‘Anglo-Saxon’
populations. A comparison of bone collagen (Oxford) and dentine collagen (Weymouth) δ 13C
and δ15N isotope ratios showed a slight different in median δ13C values, but overlapping
δ15N. However, the results presented in these two studies are hardly persuasive, as the diets
of neither of the two groups stand out particularly from the comparative material. It should
be noted here that the comparative data used in this study is not ideal; the Anglo-Saxon
material is not entirely contemporary, and the Viking sites used (Birka, Repton and Newark)
should not be considered as reliable representatives of the diets likely to be found in
Scandinavian populations. A better understanding of what a typical ‘Viking’ diet would be
composed of may thus improve the potential for comparisons of this type.
To summarise, isotopic analysis of past diets can highlight and elaborate on changes in use
of resources and subsistence strategies. Furthermore social practices, such as identity based
differential access to certain types of food can be identified, and in some cases, such as at
Berinsfield, be linked with evidence from the archaeological record. Attempts have also
been made at correlating dietary patterns with ethnicities, and although some studies have
been encouraging, caution must be taken to consider the complex nature of ethnic
identities – particularly in light of migrations or population movements and interaction
between different cultures.
The potential for oxygen and strontium isotope research to provide direct evidence of
the geographical movement of individual people (as opposed to the movement of artefacts
or ideas) is a significant development in our understanding of the processes through which
migrations took place in the past. For example, studies have revealed possible biological
evidence for Anglo-Saxon immigrants in Yorkshire (Budd, et al. 2004; Montgomery, et al.
2005), and demonstrated migrants in Iceland (Price and Gestsdóttir 2006). A study of a
Norse cemetery at Cnip, Isle of Lewis, has shown that the majority of the individuals studied
were of local origin but with two having immigrated from elsewhere (Montgomery and
Evans 2006; Montgomery, et al. 2003).
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In addition to placing these individual traces of geographical relocation in the wider
context of population mobility and migrations, the technique can also shed light on social
processes which may otherwise be invisible in the archaeological record. For instance, a
study of four Neolithic multiple burials discovered near Eulau, Germany, showed through
strontium isotope analyses that females from the site had spent their childhoods in other
locations than the males and children; thus indicating a practice of exogamy and
patrilocality (Haak, et al. 2008). At Trelleborg in Denmark, a study of burials from the tenthcentury fortress revealed that the many of the male inhabitants, interpreted to be members
of Harald Bluetooth’s army, had been recruited from outside Denmark – in some cases
perhaps with their families (Price, et al. 2011). Slavery is suggested another possible
explanation for the presence of non-local females and sub-adults at Trelleborg. Similarly,
Montgomery suggests that the foreign individuals identified at Cnip may be evidence of the
Viking slave economy (Montgomery, et al. 2003:652), even though this interpretation is not
directly supported by the archaeological evidence.
It is important to note here that stable isotope analysis can only pick up on first
generation migrants, as any subsequent generations will reflect isotope ratios of the new
‘homeland’. Thus, individuals identified as ‘local’ may retain cultural or ethnic identities of
their immediate ancestors and thereby be second generation representatives of a migrant
population rather than of indigenes. It is perhaps in such contexts that dietary analyses may
be of particular us in contributing to a better understanding of social identities in terms of
migrations, mobility and diaspora.
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3. Material and analytical techniques
This chapter will outline the original and comparative skeletal material studied in this
project, and outline the specific analytical procedures used.
3.1. Original research material
3.1.1. Material from Norway
The skeletal material from Norway was obtained from the Schreiner collection, which is kept
at the Department of Anatomy at the Institute of Basic Medical Sciences, University of Oslo.
The collection contains human skeletal material from throughout Norway, deposited at the
university between the early 19th century and the 1990s (Holck 1990). 37 skeletons were
selected, all dating from the Late Iron Age (approx 550-1050AD), which encompasses the
Merovingian-period (approx 550-800AD) and the Viking Age (approx. 800-1050AD). This
broad age range was selected in order to increase the sample size, as the number of
inhumations suitable for analysis was limited. The three northernmost counties (Finnmark,
Troms and Nordland) and all double-graves were excluded, as this material is currently
being analysed by PhD-student Elise Naumann at IAKH, University of Oslo. Much of the
skeletal material at the Schreiner collection did not arrive there through archaeological
investigations, but through donations or purchases in order to increase the research
collections of the Anatomical Institute. Thus, documentation for some of the material there
is unsatisfactory or absent. For this study, only material of certain provenance was selected.
Burials which did not include at least one molar and at least one long bone were also
excluded. Permission to carry out research on this material was sought from the museums
curating the skeletal material; the Museum of Cultural History, University of Oslo (KHM) and
the Museum of Natural History and Archaeology, NTNU in Trondheim. In addition a
recommendation was applied for and received from the National Committee for Research
Ethics on Human Remains. All classifications of date, age, and sex are taken from the
Schreiner database. A summary of the Norwegian material is given in Table 5, and a full
catalogue in appendix A. The selection consists of 17 females, 14 males and 6 individuals of
undetermined sex. All are adults, i.e. approx. 18 years and over. All individuals from the

35

Figure 2 Map of Norwegian material
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collections belonging to NTNU are from Nord- and Sør-Trøndelag, whilst the individuals
from the KHM collections were found in the counties of Hedmark, Oppland, Telemark and
Møre og Romsdal (see Figure 2). The majority of the material comes from locations
containing only a single grave, with the exception of 11 individuals from Sandvika at Jøa in
Namdalen, Fosnes (Nord-Trøndelag). The latter come from a burial ground containing a total
of 24 individuals, excavated by Sverre Marstrander in 1963-66. Typological dating of the
artefacts found within the graves lead Marstrander to conclude that the burial ground may
have been in use from the late 7th or early 8th century to the end of the 10h century AD
(Marstrander 1978:28). The burials at Jøa are highly unusual in form; the dead were buried
in a sitting position in shallow pits, with no obvious mounds or other grave demarcations.
Seated burials are rare in the Viking world; when they do occur they are usually found in
chamber graves (e.g. at Birka) or on ships (Price 2008:263). The only other location where
graves similar to those at Jøa have been found is Iceland; at the Dalvík burial ground in
Svarfaðardalur, Eyjafjörður (see Figure 4), which dates to the same time period (Bjørlo
2010). A link between the two regions is found in the Landnámabók from the twelfth
century, which describes the settlement of Iceland. The text describes a man named
Torstein from Namdalen who travelled to Iceland and settled in Svarfaðardalur (Bjørlo
2010:36); thus potentially supporting the possibility that this particular burial rite travelled
with the Norwegian settlers.
It is important to note that the selection is biased towards wealthier graves. All skeletal
material has been dated typologically, either through grave furnishings directly associated
with the individual or by association with other graves in a burial group. Graves with enough
diagnostic elements to provide a fairly secure date are therefore likely to be well furnished,
and consequently over-represented in the selection. Furthermore, in the Viking world in
general, the number of graves identified in the archaeological record does not match
estimated population numbers; it has been suggested that as much as half the population
may not have been accorded a formal grave (Price 2008:259). It is not known whether this
may simply reflect a widespread use of different burial customs which are invisible in the
archaeological record (e.g. cremation and scattering of ashes), or if it reflects differential
treatment of the lower strata of society.
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All individuals were sampled for carbon and nitrogen isotopes from a long bone
(femur where possible), and subset of eight individuals were also analysed for oxygen and
strontium isotopes from dental enamel, and carbon and nitrogen from dentine. The sample
processing and analytical procedures are outlined in section 3.3. As there is some overlap
between this project and the SIGMA project run by KHM, a small number of samples were
obtained through PhD student Maja Krzewinska at the University of Oslo.
It was not possible to collect any faunal material for analysis for this project. If
available, isotope data from animal teeth and bone can provide baseline data with which to
compare the human isotopic values (see e.g. Privat, et al. 2002). The oxygen and strontium
isotope values should be comparative to the human values, as the animals are likely to have
consumed the same ground water as the human population. In addition, carbon and
nitrogen isotope values from faunal material can provide references for analysing the
human diets, by comparing trophic levels of species that are known herbivores or omnivores
with the human data. Comparative material for this project was therefore obtained from
published faunal isotopic data from elsewhere in Scandinavia.
3.1.2. Material from the British Isles
Original material was obtained from inhumation burials from Repton in Derbyshire, England,
with the permission of Prof. Martin Biddle. Repton was excavated by Martin Biddle and
Birthe Kjølbye-Biddle in 1974-88, and the excavations uncovered a large defensive ditch
surrounding an Anglo-Saxon church (see Biddle and Kjølbye-Biddle 1992, 2001). The AngloSaxon Chronicle mentions Repton as the location of a winter camp for the Viking Great
Army in 873-74, and the ditch is thought to relate to this occupation. Furthermore, a
number of burials with distinctly Scandinavian grave goods were found within and in close
vicinity of the defensive structure. Underneath a mound in the Vicarage garden a mass
burial of at least 264 people was found, and a number of coins found within the mound
dating to the period 872-874 relates it to the presence of the Viking army during that
period. The mound had been disturbed during the 17 th century, and historical records
describe a central burial surrounded by bones stacked charnel-wise along the walls (Biddle
and Kjølbye-Biddle 2001:67-81). This assemblage consisted of a very high percentage of
males, which is one of the reasons why it has been interpreted to contain the remains of
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Figure 3 Location of Repton. Map from Richards et al. (2004:24)

members of the Viking army. However the interpretation of this assemblage has been
debated (cf. Biddle and Kjølbye-Biddle 2001; Richards, et al. 2004); in part due to
radiocarbon dates indicating that some of the bones date to an earlier period and may
therefore represent the disinterred remains of earlier burials from a monastic cemetery at
Repton. A sample of four individuals from the charnel and four of the Viking burials were
analysed for strontium and oxygen isotopes by Paul Budd, et al. (2004:137-138). The isotope
data showed that three of the Viking burials and three of the charnel individuals may have
spent their childhoods in southern Scandinavia or Baltic Europe. However the researchers
noted that overlap between isotope ranges in Scandinavia and Britain makes these
conclusions somewhat tentative. Of the later cemeteries at Repton, cemetery 3M (dating to
the first half of the tenth century) has been interpreted to possibly contain individuals of
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Scandinavian origin or descent. This is based on coffin types, grave goods and physical
stature of the population, all of which are different from the other cemeteries (Biddle and
Kjølbye-Biddle 2001:85-86). For this project, tooth samples from four individuals from
cemetery 3M were analysed for oxygen and strontium isotopes, to establish whether any of
these could be first generation immigrants. In addition these individuals were analysed for
carbon and nitrogen isotopes from rib, long bone and dentine samples. Another four
individuals from the charnel deposit were also analysed for carbon and nitrogen values (see
Table 2 for a complete list).

Grave / Charnel ID
G372
G393
G395
G397
R82.8/379/F931/6L
R82.8/718SW/149L
R82.8/717/4L
R82.8/718SW/107

Cemetery
3M
3M
3M
3M
Charnel
Charnel
Charnel
Charnel
M=male, F=female

Samples taken
L, R, T
L, T
L, R, T
L, R, T
L
L
L
L
-

L=long bone, R=rib, T=tooth

Table 2 Material from Repton
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Sex
M?
F
M?
M?
-

Age
17-25
Adult
25-35
>40
Adult
Adult
Adult
Adult

3.2. Comparative material
Table 3 lists all the published isotope data used for comparison in this study (see map in
Figure 4). In particular, the following sites are of importance:

St John’s college, Oxford, England:
In 2008 a mass burial of up to 37 individuals was excavated in the grounds of St John’s
College in Oxford by Thames Valley Archaeological Services (TVAS). The burial contained
only males, mainly aged between 16-25, who all displayed multiple serious perimortem
injuries, and many also had healed injuries (Pollard et al 2012:84). The excavators
speculated whether this mass grave may be attributed to the St Brice’s Day massacre of
1002, as recorded in the Anglo-Saxon chronicle. This event occurred as a result of King
Aethelred (978-1016AD) ordering the killing of all Danes in the country, and it is known from
other historical sources that such a massacre took place in

Figure 4 Map of comparative sites
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Site
Adwick-leStreet, England
Berinsfield,
England
Birka, Sweden
Björned,
Sweden
Cnip, Isle of
Lewis, Outer
Hebrides

Date
10th century AD

Isotopes
87
Sr/86Sr, 18O

mid 5th - late 7th
century AD
c. 750 - 950AD
c. 10th – 13th century
AD
c. 8th – 11th century AD

13

87

Sr/86Sr, 18O

Dublin, Ireland

9th – 11th century AD

13

C, 15N, 87Sr/86Sr,
O

C, 15N

13

C, 15N
13
C, 15N, 34S

18

Data sources
(Speed and Walton Rogers
2004)
(Privat, et al. 2002)
(Linderholm, et al. 2008)
(Andersson 2006;
Linderholm, et al. 2008)
(Evans, et al. 2012;
Montgomery and Evans
2006; Montgomery, et al.
2003)
(Knudson, et al. 2011)

Iceland

c. 9th to 16th century AD

87

Sr/86Sr

Newark Bay,
Scotland
Norway

c. 10th – 14th century
AD
c. 6th to 11th century AD

13

C, 15N

C, 15N, 87Sr/86Sr,
18
O

This study

Norway

12th – 15th century AD

87

(Åberg, et al. 1998)

Oxford, England

c. 10th century AD

13

C, 15N, 87Sr/86Sr,
18
O

(Pollard, et al. 2012)

13

C, 15N, 87Sr/86Sr,
18
O
13
C, 15N

This study, (Budd, et al.
2004; Evans, et al. 2012)
(Kosiba, et al. 2007)

Repton, England 9th - 10th century AD

13

Sr/86Sr

(Price and Gestsdóttir
2006)
(Richards, et al. 2006)

Ridanäs,
Gotland,
Sweden
Risby, Denmark

9th - 11th century AD
c. 12th - 17th century AD

18

O

(Fricke, et al. 1995)

Trelleborg,
Denmark
Weymouth,
England

10th century AD

87

Sr/86Sr

(Price, et al. 2011)

c. 890-1030AD

13

C,15N, 87Sr/86Sr,
18
O

(Evans, et al. 2012; Pollard,
et al. 2012)

Yarnton,
England
York, England

late 5th - early 6th
century AD
late 8th - early 9th
century AD

13

C, 15N

(Lightfoot, et al. 2009)

13

C, 15N

(Müldner and Richards
2005)

Table 3 Comparative reference material and data sources
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Oxford (Pollard et al 2012:84). Radiocarbon dates from the skeletal material gave calibrated
date ranges between 893 and 970AD; thereby seemingly excluding the events of 1002.
However, as the dietary analysis of these individuals showed that they had diets consisting
of a reasonably high proportion of marine protein, the radiocarbon dates may be affected
by what is known as a marine reservoir effect (MRE), whereby the 14 C ages differ between
carbon derived from terrestrial and from marine environments (Pollard et al 2012:85). Thus
samples from humans consuming large quantities of marine foods may yield radiocarbon
dates up to 400 years too old (see e.g. Ascough et al 2006 for a discussion on the MRE in the
North Atlantic), and the St Brice’s day event cannot be excluded. Oxygen and strontium
isotope analyses of a sample of these individuals showed that whilst a majority of those
sampled had oxygen values consistent with a UK origin (but also with modern day
Denmark), another six had combined oxygen and strontium values which are marginal to or
outside values expected from the UK (Pollard et al 2012:98). Thus Pollard et al concluded
that the burials may represent a group of raiders with mixed Scandinavian origins, though
most likely not killed as a result of the St Brices Day massacre (Pollard 2012:98).

Weymouth, England:
A mass burial of 51 decapitated skeletons was found during investigative excavations before
the construction of a relief road in Weymouth, England in 2008 by Oxford Archaeology. All
individuals are thought to be male, and are mostly aged in their late teens or earliy twenties.
Radiocarbon dates have placed the skeletons to between 890 and 1030AD (Chenery and
Evans 2010), which lead the excavators to the hypothesis that these may be the remains of
a group of Viking raiders. A number of the skeletons were subjected to isotope analysis,
which showed that the tooth enamel oxygen isotope values were consistent with origins in
Scandinavian countries. Furthermore the strontium data showed that none of the
individuals studied originated from chalky areas of lowland Britain (Chenery and Evans
2010). Dietary analysis of carbon and nitrogen isotopes carried out on dentine samples
showed that the men had subsisted on diets more similar to diets typical of populations in
Scandinavia than diets from the UK.
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Newark Bay, Orkney:
The site of Newark Bay has been the focus of isotopic studies looking at the changes in
palaeodiet throughout the different settlement periods represented there (Richards, et al.
2006). Situated in a location where there was access to both arable land and abundant
marine resources, the data from human burials from Newark Bay showed a wide range of
diets throughout the periods studied, with an increasing focus on marine diet in the Viking
age and Medieval period (Richards, et al. 2006). Furthermore the researchers observed
differences in diet between males and females, whereby males exhibited diets with more
marine protein on average than females (Richards, et al. 2006:128).

Cnip, Isle of Lewis:
Eight individuals from a cemetery at Cnip on the Isle of Lewis in the Outer Hebrides dating to
the Norse period were analysed for strontium isotopes by Montgomery, et al. (2003), in a
study aiming to investigate whether any of these individuals were migrants from Norway.
Although the study did not find any first generation Norwegian settlers, it did show mobility
in the North Atlantic region. The study showed that two of the individuals, including one
female, grew up elsewhere, and the researchers tentatively suggest that they may have
arrived in the Hebrides as slaves (Montgomery, et al. 2003:652).

Dublin, Ireland:
The nature of Viking settlement in Dublin, which became the largest and most powerful
Viking settlement in Ireland, is thought to have been characterised by considerable
interaction and acculturation between incoming Scandinavians and the indigenous
population (Knudson, et al. 2011:308). Both material culture studies and bioarchaeological
biodistance studies have supported this relationship, and a recent isotopic study of burials
from 9th to 12th century Dublin has examined this further (Knudson, et al. 2011). The study
found no individuals with origins inconsistent with local geology and ground water, and the
population sampled exhibited homogenous diets with a mix of terrestrial and marine food
sources (Knudson, et al. 2011:316-317).
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Birka, Sweden:
Birka was an important Viking age trading post founded in the mid-8th century, where
extensive cemeteries have been excavated (Ambrosiani 2008). An isotopic study by Anna
Linderholm, et al. (2008) showed great diversity in diets across the populations buried there.
Male burials with weapons generally had diets higher in marine foods, whereas some of the
burials with the highest status showed mainly terrestrial diets (Linderholm, et al. 2008:458).
Furthermore analysis of sulphur isotopes (which can show different environmental sources
of sulphur in the food chain, and therefore differing geographic origins of food sources)
indicated that the populations at Birka were heterogenous and of varied geographical
origins.

Björned, Sweden:
The cemetery at Björned in Ångermanland, northern Sweden, contained around fifty burials
dating to the late Viking Age and early Medieval period, from the 10th to 13th centuries
(Andersson 2006; Linderholm, et al. 2008). The burials showed evidence of Christian burial
practices, and may have been one of the earliest Christian burial grounds in northern
Sweden. Stable isotope dietary analysis of a sample of individuals buried at Björned showed
largely terrestrial diets with some freshwater fish (Linderholm, et al. 2008:185). Comparison
with diets from nearby contemporary pagan sites showed no differences in diet, nor could
any dietary change be seen over time. The material from Björned was also analysed for
sulphur isotopes, which indicated a population with mixed geographical origins.
(Linderholm, et al. 2008:186).

Trelleborg, Denmark:
The tenth century fortress at Trelleborg in western Zealand, Denmark, which has
interpreted as a center of royal power established by Harold Bluetooth, had a cemetery
containing a total of 157 individuals (Price, et al. 2011:477-478). Thought to have served the
occupants of the fortress, the cemetery contained both male and female graves as well as
three mass graves. The individuals in the mass graves, although not exhibiting any
significant evidence of trauma, have been interpreted as being the victims of “violent or
catastrophic events” (Price, et al. 2011:477). Analyses of strontium isotopes on a sample of
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burials from Trelleborg carried out by T. Douglas Price, et al. (2011) showed that a majority
of the individuals analysed (67%) were likely to have been born outside southern
Scandinavia. These individuals were interpreted as members of the royal forces. The
presence of sub-adults and women of non-local origin (at least one buried with high-status
grave goods) may suggest that some foreign soldiers arrived in Trelleborg with their families
(Price, et al. 2011:487).

Yarnton
Yarnton in Oxfordshire has evidence of settlements spanning from the Neolithic to the
Saxon period. Saxon buildings appeared in the late fifth or early sixth century, and total of
nine burials and some disarticulated human bone have been found in relation to the Saxon
settlement (Boyle 2004; Lightfoot, et al. 2009:303). A multi-period isotopic study of diet at
Yarnton revealed generally elevated δ15N and δ13C values for both the Roman and the Saxon
periods in relation to the Iron Age settlements. The researchers concluded that there was
no evidence for fish consumption, and that the increased δ15N values may have been due to
environmental change or changes in animal management practices (Lightfoot, et al. 2009).

York
The data used here is from the Anglian period (late 8 th to early 9th century) cemetery from
Belle vue House in the parish of Fulford, York. Diets here yielded very low δ13C values,
indicating little or no contribution from marine food sources (Müldner and Richards 2005).

Berinsfield, England
The Anglo-Saxon cemetery at Berinsfield, dating to the mid-5th to mid-7th centuries AD, has
been extensively analysed in terms of artefact assemblages and issues relating to social
identity in the local population, such as status, age and sex (Privat 2002:780). Isotopic
analysis of bone collagen from the site concluded that there were distinct differences in diet
between wealthy individuals and the general population, whereby the former subsisted on
foods lower in δ15N. In addition, the study indicated an age-based status threshold in the
male population, where males under the age of approx. thirty consumed less protein
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derived from freshwater species and pork. This difference in status was also reflected in the
archaeological record (Privat 2010:788).
3.3. Methods used in sample collection, preparation and analysis
Where required by the museum collections, teeth and bones sampled were extensively
photographed prior to sampling.
For the strontium and oxygen isotope analyses, 10-20 mg samples of dental enamel
was taken from each individual where permission had been granted. Only molars were
used, and wherever possible the second or third molar was chosen to avoid weaning signals
from enamel mineralised during infancy. To facilitate sampling, the tooth was carefully
extracted from the jaw, and the surface of the enamel gently cleaned using a burr attached
to a handheld drill. Flakes of enamel were removed using a circular saw, taking care to
include the entire length of the crown in order to obtain an average result for the whole
period of enamel formation. The enamel was subsequently cleaned of any remaining
dentine, and split into two samples of 5-10 mg. For δ18O analysis the enamel samples were
powdered using a pestle and mortar, and sent to the Research Laboratory for Archaeology
and History of Art at the University of Oxford. The
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Sr/86Sr analyses were carried out by

Prof. Paul Fullagar at the Department of Geological Sciences, University of North Carolina
(Norwegian material) and by PhD student Jamie Lewis at the School of Earth Sciences,
University of Bristol (Repton material).
Dentine samples were taken from the same molar that was used for enamel
samples. For this purpose, a small (1.6mm) burr was used to make a small hole in the
surface of the tooth below the crown, and to extract approx. 50-100mg of powdered
dentine. Collagen was extracted from the dentine using the method described below for
bone samples.
Bone samples were taken from the diaphysis of the femur wherever possible. As
different bones have differing cell turnover rates (see e.g. Sealy, et al. 1995), choosing the
same bone from each individual will ensure a good basis for comparison. For the Repton
material rib samples were also taken. Isotope values from ribs represent diet during the
most recent period of an individual’s life, and by comparing these to the results from the
femur samples, changes in diet may be observed. For the Norwegian material, powdered
bone samples of approx. 200mg were taken after grinding off the surface layers of bone,
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which may be contaminated through diagenesis. However, experiments carried out on
modern sheep bone in the training phase of this project showed significantly improved
collagen yields when chunks of bone were used rather than powdered samples. It was
therefore decided to use whole pieces of bone from the Repton material to ensure
adequate collagen yields. The burrs and all other tools used were cleaned between each use
to prevent contamination.
There are a number of ways to extract collagen from bone, and the effectiveness of
these has been studied by several authors (see e.g. Ambrose 1990; Jørkov, et al. 2007;
Katzenberg 2008). For this study, a method similar to that described by Müldner and
Richards (2005:42) was followed. The bone chunks or powder were first demineralised in a
0.5M solution of HCl at room temperature for three days. The samples were then filtered
using an Ezee filter, and the acid was discarded. A solution of pH3 HCl was added to the test
tubes, and the samples were gelatinized at 70°C for 48h. The samples were filtered with an
Ezee filter once more, and the remaining collagen freeze-dried for 2-3 days. Finally the
collagen was weighed and collagen yields estimated by comparing the final weight with the
initial weight of the unprocessed bone (see appendix B for collagen yields). Duplicate
aliquots of 1-2mg of collagen were weighed into tin capsules and sent for analysis. The
majority of the material was analysed at the Research Laboratory for Archaeology and
History of Art at the University of Oxford, and a smaller selection of 15 samples were
analysed by Dr. Jason Newton at the NERC Life Sciences Mass Spectrometry Facility, Scottish
Universities Environmental Research Centre.
In order to determine whether the material analysed is in fact collagen, laboratories
provide the ratio of carbon to nitrogen (C/N) in each sample. Research has shown that C/N
ratios in the range of 2.9-3.6 should represent good quality collagen (De Niro 1985). Any
samples falling outside this range should be excluded as they are likely to have isotope
ratios affected by diagenesis. Furthermore Ambrose (1990) found that the percentage yield
of collagen in a sample can be used as an estimate of preservation, whereby samples
yielding more than 3.5% collagen should be classed as well-preserved.
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4. Results and analysis
This chapter presents the isotope data obtained from the original material. The Norwegian
and English material will first be analysed separately, in terms of general trends and
observations relating to mobility and diet. Finally the original data will be compared to other
material from Scandinavia and the British Isles, as outlined in section 3.2. A discussion and
contextualisation of the conclusions reached here will be given in chapter 5.
Due to equipment failure at the Research Laboratory for Archaeology and History of
Art at the University of Oxford, not all data has arrived in time for the submission of this
dissertation. A total of 19 duplicate collagen samples have as of the end of April 2012 not
been returned; this includes all the dentine samples and some of the bone collagen.
Furthermore four enamel samples from Repton sent for oxygen analysis have not been
received, and this data will therefore not be included in the analysis. A summary of the data
results will be given in this section. Complete data tables are given in appendix B and C.
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4.1. Norwegian material
All samples yielded sufficiently well-preserved collagen in terms of percentage collagen
yields and carbon-to-nitrogen ratios to enable analysis (see appendix B for full data). For the
sub-sample of eight from which molar enamel and dentine samples were taken, all yielded
enough enamel for strontium analysis and seven enough enamel for oxygen analysis.
4.1.1. Mobility – oxygen and strontium isotopes
Oxygen and strontium data for the individuals sampled are given in Table 4 (see also
appendix C). The strontium values are presented in Figure 5, and a plot of oxygen against
strontium data is given in Figure 6. All the samples are from Trøndelag in the central part of
Norway (see map of Norway in Figure 4). Four individuals were excavated from the Sandvika
burial site on Jøa island in Fosnes, Nord-Trøndelag, and the remaining four were from three
different sites at Ørlandet in Sør-Trøndelag, approximately 135km south of Jøa. These four
individuals were from a tightly defined area with a maximum distance of 8km between
burial sites (see Figure 7).
Sex

Age

Site

δ18Oph
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Sr/86Sr

Error (1σ)

3984

Museum
no.
T14456

M

60-70yrs

16.71

0.716593

0.000645

N17

4103

T15002

M

45-55yrs

16.86

0.710865

0.000498

N22

4481

T16298

M

Adult

16.09

0.713901

0.000500

N23

4503

T16402

F

20-40yrs

16.42

0.711677

0.000498

N27

4992

F

55-65yrs

17.66

0.708663

0.000496

N28

4993

F

45-55yrs

18.16

0.710495

0.000568

N38

7441

M

35-45yrs

0.712538

0.000428

N43

7446

U

Adult

Ophaug,
Ørlandet
Østråt,
Ørlandet
Østråt,
Ørlandet
Uthaug,
Ørlandet
Sandvika,
Jøa, Fosnes
Sandvika,
Jøa, Fosnes
Sandvika,
Jøa, Fosnes
Sandvika,
Jøa, Fosnes

0.713718

0.000500

ID

A-no.

N14

T18650

15.59

Table 4 Strontium and oxygen data from Norway
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Table 5 Norwegian material and isotope data
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Ørlandet

0.7160

Fosnes

87Sr/86Sr

0.7140
0.7120
0.7100
0.7080
0.7060
N17

N23

N22

N14

N27

N28

N38

N43

Østråt

Uthaug

Østråt

Ophaug

Jøa

Jøa

Jøa

Jøa

Figure 5 Strontium data from Norway

0.7170
N14

Jøa
N43

0.7160

Ørlandet
N22
0.7150

87Sr/86Sr

0.7140

N22

N43

0.7130
0.7120

N23

0.7110

N17

N28

0.7100
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18.00
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Figure 7 Geological map of Trøndelag. Maps from Norwegian Geological Survey (NGU 2012)

As discussed in section 2.5.3., baseline reference data is required in order to interpret the
isotope ratios obtained from the human samples in order to establish a ‘local’ range. At
present, no systematic surveys of strontium ranges exist for Norway. No faunal material was
available for sampling for this project, so reference data was obtained through previously
published and unpublished data from other Norwegian sites, and from geological maps and
typical reference values for the relevant geology.
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A study by Åberg, et al. (1998) found 87Sr/86Sr values ranging from 0.71087 to 0.73232 in
medieval human tooth enamel from central and southern Norway. Preliminary data from
Late Iron Age human tooth enamel from Norway analysed by PhD student Elise Naumann at
the University of Oslo has yielded 87Sr/86Sr values ranging from 0.709238 to 0.715948 (n=52)
(E. Naumann, personal communication). Thus, currently available
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Sr/86Sr ratios from

Norwegian human tooth enamel ranges from 0.709238 to 0.73232. However, it is not
known whether this range includes non-locals, and it should therefore be used with caution.
In general western and central Norway consists of Palaeozoic and Precambrian
geology. Parts of Trøndelag, which belongs to the Scandinavian Caledonides, are a part of
the Western Gneiss Region (see e.g. Rey, et al. 1997). Within Trøndelag, the geology of the
Jøa area generally consists of gneisses whilst the Ørlandet area consists mainly of granite,
conglomerates and metadiorite (see Figure 7). In an overview of strontium data for Sweden
by Sjögren, et al. (2009), the range for all gneisses start at 0.711. A survey of Precambrian
Holum granite in southern Norway by Wilson, et al. (1977) has yielded strontium ratios of
0.7102-0.7185 for Holum granite and 0.7088-0.7519 for the surrounding Augen gneiss. The
wide range for the latter can be paralleled in southern Sweden, were Sjögren noted
considerable variability in strontium values from Precambrian rocks (Sjögren, et al. 2009:8990). This may result in local areas with low strontium ratios within areas with higher values
overall.
The combined oxygen and strontium data suggests that two of the individuals from the
sample have values which are divergent from the remaining individuals. Excluding these as
possible outliers/non-locals (see discussion below), gives a mean strontium value of
0.713215 ± 0.002024 (1SD). Based on this and the surrounding geology, a tentative estimate
for the strontium range in this part of Trøndelag is 0.711 to 0.715.
Oxygen baseline data is typically obtained from maps showing current or recent δ18O
distributions in meteoric water,
Site

Present day
δ O estimate
-11.8
18

Ørlandet, Sør-Trøndelag
Jøa, Fosnes, NordTrøndelag

-12.3

e.g. from the Online Isotopes in
Precipitation

Calculator

(OIPC).

Table 6 gives estimated δ18O
values for the relevant sites from

18

Table 6 Estimated δ O SMOW values from OIPC (Bowen 2012)
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OIPC, and Figure 8 shows an

Figure 8 Oxygen map for northern Europe (after Arppe and Karhu 2010:1268)

estimated map of δ18O rainwater values from Northern Europe1. However, the problems
with relating the δ18O values measured in enamel phosphate to drinking water equivalents
through equations correcting for metabolic fractionation are discussed in section 2.5.3. As
discussed this process is problematic and different studies give different formulae for the
correction that can provide widely diverging results. The preferred alternative technique,
using a defined phosphate range from previously obtained local data, is not applicable to
Norway as no comparable oxygen isotope data is currently available from human or faunal
material of known local origin. Therefore exact local values from Trøndelag are not
available, and the data will be interpreted relative to other results and with tentative
conclusions drawn the δ18O maps.
Molar enamel is formed during childhood, and the first and second molar enamel
sections sampled would have mineralised between the ages of 2 and 7 (Bentley 2006:174).
The strontium results indicate that the individuals buried at Jøa and Ørlandet grew up in a
variety of places. One individual, N14, displayed a very radiogenic strontium ratio of
0.716593, which may represent a geographic area further inland or to the north (cf Åberg,

1

Available estimated maps of oxygen isotope values from Northern Europe include few measurements
from Norway, which are limited to the southern part of the country. Contour lines are therefore highly
generalised and may vary considerably. Although the map reproduced here only indicates one contour for
Norway, the data from Sweden provides the closest fit to the OIPC estimates from Trøndelag.
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et al. 1998). The δ18O values are also varied, and may therefore indicate that these
individuals did not grow up in close proximity to each other. However, it is important to
note here that both strontium and oxygen ratios are average values for the formation
period of the tooth enamel analysed, and may therefore also be a result of individuals who
were highly mobile during childhood (Bentley 2006:170, see also section 2.5.3. above).
Figure 6 shows that there are two clear outliers from Jøa, N27 and N28, who display the
least radiogenic strontium ratios (0.708663 and 0.710495) and the highest δ18Oph values
(17.66 and 18.16) – the latter corresponding to less negative enamel δ18OSMOW values. The
strontium ratio from N27 lies outside the currently available range for Norway, and N28 lies
towards the lowest part of this range. In combination with the difference in δ18Oph values
from the other samples from Jøa, this makes it very unlikely that these two individuals grew
up in Trøndelag. Although as discussed above, low strontium ratios have been measured in
granite and gneisses in southern Norway, strontium ratios below 0.709 are far more
common in Denmark (with strontium ratios ranging from approx. 0.709 – 0.7108 (Price, et
al. 2011:483)), and Britain (bioavailable strontium sources ranging from approx. 0.7070 to
0.7222 (Evans, et al. 2010)). The strontium values of N27 are too low for the currently
available range for Denmark, but in Britain such ratios can be found in eastern and southeastern areas (cf. Figure 15 in section 4.3). N28 has a somewhat higher strontium ratio,
comparable to those found in central and south west England, as well as the Outer Hebrides
(Evans, et al. 2010; J. Montgomery and J. A. Evans 2006), but also Denmark. The δ18Oph data
for these two women fit comfortably within the upper end of the estimated δ18Oph range for
UK populations suggested by Leach, et al. (2009), of 16.8-18.6‰ (see also section 4.3.1.).
Maps with estimated δ18O distributions for Northern Europe do, however, show that there
is some overlap between δ18OSMOW ratios in areas in England and Denmark, as well as the
southernmost parts of Norway. Although a southern Scandinavian origin cannot therefore
be excluded for N28, the links between Trøndelag and the British Isles known from
archaeological and historical sources makes England a highly likely candidate. A further
discussion of this is given in section 5.2.
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4.1.2. Diet – general trends
For the entire sample, the overall mean value for δ13C is -20.05±1.05‰, and for δ15N
12.03±1.4‰. The Norwegian data is shown in Figure 9. However, in order to interpret these
isotopic ratios in terms of consumption of marine and terrestrial food sources, reference
data is required as a baseline. A number of studies have provided typical isotope ranges for
different diets(see e.g. Kosiba, et al. 2007:403), however such values may vary between
different locations due to geographical and climatic differences (Van Klinken, et al. 1994).
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Figure 9 Carbon and nitrogen data from all Norwegian samples

Faunal data from sites as local to the region studied as possible may therefore act as
proxies for human isotopic ranges. As no faunal material was available for analysis from the
sites studied in Norway, previously published δ13C and δ15N faunal data from Denmark
(Fischer, et al. 2007; Yoder 2012), Sweden (Andersson 2006; Fjellström 2011; Anna
Linderholm, et al. 2008) and Norway (Barrett, et al. 2008) were used for comparison. Figure
10 shows a plot of this material with mean δ13C and δ15N values and one standard deviation.
To estimate isotopic ratios for the consumers of these animals, Figure 11 shows the
expected ranges for anyone consuming a diet based mainly on terrestrial food sources,
marine sources, or on a combination of the two using a trophic enrichment of +2-4% for
δ15N and 0.5-1**% for δ13C (Le Huray, et al. 2006:100). Finally, Figure 12 shows the human
isotopic ratios overlaid onto these predicted ranges. This figure shows that the Norwegian
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population subsided on a range of diets, with a large number consuming mainly terrestrial
animals such as sheep/goat, cattle and pigs. However, marine food sources also
contributed, with many individuals showing almost an estimated 50% fish and other marine
mammals in their diet. One outlier (N41/A7444/T18654) shows considerably enriched δ13C
and δ15N values, which would correspond to a diet comprised almost completely of marine
food sources. Furthermore, the charts indicate that wild animals such as elk, deer and
reindeer did not form a large part of the diets, as such food sources would have yielded less
enriched carbon and nitrogen ratios.
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Figure 10 Average and 1SD for faunal data from Scandinavia. Data sources: see text
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Figure 11 Estimated subsistence patterns based on faunal data

Figure 12 Estimated human diets
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4.1.3. Diet – coast and inland
In order to analyse the dietary variation observed in the Norwegian material, the population
was divided into two groups, of individuals buried in coastal regions or inland. For the
purpose of this analysis an arbitrary geodesic distance of approx. 50km from the coast (or a
significant fjord) was used to distinguish between the two categories. A plot of the results is
shown in Figure 13. For the inland population, the mean δ13C is -20.82±0.37‰, and the
mean δ15N is 10.89±0.64‰. For the coastal population, the corresponding figures are: mean
δ13C is -19.77±1.07‰, and the mean δ15N is 12.45±1.38‰. The chart shows a clear
difference between the two populations, and statistical analysis confirms that the difference
is highly significant for both δ15N (two-sample t-test, unequal variances, t=4.44, df=29,
p=0.0001) and δ13C (two-sample t-test, unequal variances, t=4.20, df=31, p=0.0002). This
confirms that the diets of the coastal populations consisted of significantly higher
proportion of marine foods than the inland populations.
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Figure 13 Diet in coastal and inland areas
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4.1.4. Diet – age, sex and wealth
Only 16 of the individuals from the Norwegian material have skeletal ages determined to an
age range within 10-15 years; the remaining are only classified as ‘adult’. Thus no reliable
conclusions could be drawn on any age-based differences in diet, as the ‘adult’ group is
likely to encompass the entire range of individuals who have recently reached adulthood
through to those who have reached old age. A comparison of adult against childhood diet
through the analysis of dentine will be possible when the remaining data is available.
The majority of individuals have osteologically determined sex, which allows for comparison
of male and female diets. These values are plotted in Figure 14. For males, the mean δ13C is 19.83±0.83‰, and the mean δ15N is 12.36±1.41‰. For females, the mean δ13C is 20.10±1.26‰, and the mean δ15N is 11.98±1.48‰. There is a small difference in these
average values; however a t-test shows that the difference is not statistically significant – in
other words the observed difference is most likely to have come from natural variations in
the sampling process rather than any real differences between male and female diets (δ13C:
two-sample t-test, unequal variances, t=-0.04, df=24, p=0.969 and δ15N: two-sample t-test,
unequal variances, t=-0.66, df=24, p=0.516). A comparison of male/female diets within the
coastal and inland regions respectively yielded no significant differences. It is however clear
that there is a wide variety of diets for both sexes. Many of the individuals buried in coastal
regions – both men and women – show a high degree of marine foods in their diets.
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Figure 14 Male / female diets
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Finally the graves were categorised into those displaying considerable wealth in grave
furnishings, and those with few or no grave goods. However, care must be taken here not to
classify the latter as ‘low status’ burials; as explained in sections 2.1. and 2.2. the presence
of grave goods should not be considered a direct identifier of ‘high status’. Furthermore, the
sample bias of the Schreiner collection, as outlined in section 3.1.1., makes it unlikely that
many of the individuals analysed are representatives of a ‘poor’ or ‘low status’ population.
For the ‘wealthy’ burials, the mean δ13C is -19.86±0.95‰, and the mean δ15N is
12.44±1.57‰. For the undistinguished burials, the mean δ13C is -20.14±1.12‰, and the
mean δ15N is 11.80±1.36‰. There is a small difference in these average values whereby the
‘wealthier’ burials are somewhat enriched in both δ13C and δ15N; however statistical
analyses show no significant differences at the 95% confidence level (δ 13C: two-sample ttest, unequal variances, t=-0.72, df=21, p=0.482 and δ15N: two-sample t-test, unequal
variances, t=-1.11, df=16, p=0.282).
4.1.5. Diet – summary
To summarise, the following conclusions can be drawn from the dietary analysis of the
Norwegian material:
1) The material shows a wide range of diets where a number of individuals consumed
mainly terrestrial food sources, but many consumed a mix of marine and terrestrial
foods. One outlier subsisted almost entirely on marine food sources. Domesticated
species dominate the terrestrial diets, and there appears to be insignificant consumption
of wild species such as elk and reindeer.
2) There is a highly significant difference between diets in inland and coastal regions,
whereby the former rely almost exclusively on terrestrial foods and the latter on varying
degrees of combined marine/terrestrial diets.
3) No dietary differences were seen between different age groups; however inaccurate age
determinations of the skeletal material makes this conclusion unreliable.
4) Although small differences were seen in both δ13C and δ15N mean values between male
and female diets, these were not found to be significant at the 95% confidence level. A
wide variety of diets was observed for both males and females.
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5) No statistically significant dietary differences could be detected in relation to wealth;
however the sample analysed should be considered biased and not representative of the
overall Viking population.
4.2. English material
As the oxygen, carbon and nitrogen data from Repton has not arrived in time for the
completion of this project, this section will only discuss the results from the strontium
isotopes.
4.2.1. Mobility – strontium isotopes
The geology of the area around Repton generally consists of sedimentary interbedded
sandstone, conglomerates and mudstone, with
superficial sediments consisting of clay, silt and
gravel (BGS 2012). A soil leachate from Repton was
measured by Budd, et al. (2004), and yielded a fairly
radiogenic
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Sr/86Sr ratio of 0.71153. This result is

close to the ratios measured in dentine from teeth
sampled for this project; 0.71084, 0.71173 and
0.71174. An estimated local strontium range for
Repton is therefore 0.71084 to 0.71174, which is
broadly consistent with the map of British biosphere
strontium variation published by Evans, et al. (2010)
(see Figure 15).
The results of the strontium analysis from cemetery
Figure 15 Map of bioavailable strontium in
Britain wth location of Repton (After Evans et al
2010:2)

3M is given in Table 7. Figure 16 shows a plot of all
the available strontium data from Repton divided into

the different cemeteries, with the estimated local range shown. Of the four individuals
from cemetery 3M, two fit well within the estimated local range. Of the remaining two, one
displays a low value of 0.710323, which could correspond to areas in the vicinity of Repton
in accordance with Figure 15. The fourth individual, an adult female, has strontium ratios
that are more radiogenic than the others, and which is also a higher value than any of the
other published data from the Repton. In Britain, strontium ratios comparable to or higher
than this are found in Wales (up to 0.7140 from a population in Hereford), parts of Cornwall,
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and in Scotland (Evans, et al. 2012; Evans, et al. 2010). However, this strontium ratio also fits
well within the expected range from Norway (see 4.1.1.) and Sweden (Sjögren, et al. 2009).
In general, there are close similarities between the distribution of strontium ratios between
the charnel deposit and cemetery 3M, which may indicate that they are from populations
with the same geographical backgrounds. When oxygen isotope data becomes available
from cemetery 3M, such similarities may be explored further.
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Sr/86Sr

Sample ID

Sex

Grave number

RT04

M

G372

0.710323

6.07941E-06

RT05

F

G393

0.712655

6.99064E-06

RT06

M

G395

0.710950

7.07323E-06

RT07

M

G397

0.711484

6.87628E-06

Table 7 Strontium data from Repton

Figure 16 Strontium data from Repton
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Standard error

4.3. Comparative results
4.3.1. Mobility
A recent article by Evans, et al. (2012) presents oxygen and strontium data from a total of
778 individuals excavated from 74 archaeological sites in Britain. From this they provide a
suggested 87Sr/86Sr range for Britain of 0.7078 to 0.7165. Similarly, Leach, et al. (2009:552),
suggests a range for δ18Oph for Britain to 16.8-18.6‰ at 2σ. Figure 17 shows a plot of the
Evans, et al. (2012) dataset along with the results from this study, with the expected range
for Britain shown. The British strontium range has been further subdivided to show the
expected range for lowland Britain (<0.7110), England and Wales (<0.7140) and Scotland
(<0.7165) (after Evans, et al. 2012; Evans, et al. 2010). Although the majority of the data fits
inside the expected range, there are also a number of outliers; these may be individuals of
non-British origin. Four of the Norwegian individuals lie, as expected, well outside the British
range, whilst one is on the borderline of the British and Norwegian ranges. The final two fit
well within the British range (see section 4.2.1. above).
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Figure 17 Strontium and oxygen ratios from British and Norwegian human samples. Expected range for Britain within
rectangle.
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Figure 18 Viking data with estimated strontium and oxygen ranges
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Location
Norway

87

Sr/86Sr range
0.709238-0.73232

δ18Oph range
-

Western/central
Norway
Southern Sweden
Denmark

-

15.59-16.86

0.711-0.730
0.709-0.7108

16.9-18.6

Great Britain

0.7078-0.7165

16.8-18.6

Dublin
Isle of Lewis

0.70824-0.71099
0.7095-0.7105

14.69-16.91
16.7-17.8

Iceland

0.7056-0.7092

-

Sources
Current project,
E. Naumann (pers. comm.),
Åberg et al (1998:113)
Current project1
Sjögren et al (2009:94-96)
Price et al (2011:484),
Fricke et al (1995:870)
Evans et al (2012)
Leach et al (2009:552)
Knudson et al (2012:314)
Montgomery et al
(2003:651)
Evans et al (2012:suppl.
data)
Price and Gestsdóttir
(2006:139-140)

Table 8 Estimated strontium and oxygen ranges based on currently available archaeological human tooth enamel data

Figure 18 shows a comparative plot of
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Sr/86Sr for the Norwegian data with other

confirmed and possible Viking populations in the British Isles. In order to attempt to identify
any individuals with non-local origins, the diagram also shows estimated 87Sr/86Sr and δ18O
ranges for areas in the British Isles and Scandinavia. This data is also given in Table 8. The
chart reveals considerable overlap in strontium ratios, as further shown in Figure 19. As the
only currently available δ18O data from Norway and Sweden is from the current study, it
cannot be considered to be representative of the entire country. Oxygen ranges for both
Norway and Sweden are likely to vary considerably, and southern parts are likely to have
oxygen values closer to Denmark and Britain (see Figure 8). Hence the estimated ranges in
Table 8do not represent the entire geographical areas, but are based on the information
currently available.
Nevertheless a number of observations can be made from Figure 18. All the data
from the presumed Viking ‘armies’ (Repton, Oxford, and Weymouth) that falls outside the
estimated British range, fits within the Scandinavian strontium ranges. The majority also
falls within the estimated oxygen range for western Norway and Denmark.

1

Excluding data from the two individuals thought to be of non-local origin
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Figure 19 Comparison of estimated strontium ranges

Figure 18 also reveals a number of data points with very similar combinations of
oxygen and strontium ratios. However, errors and variation associated with the sampling
and analytical processes can be significant, and as demonstrated above, ranges in different
regions overlap. The uncertainties are too great to confidently conclude that two individuals
with similar ratios originate from the same area. However, such interpretations of the
isotope data may be strengthen if associated archaeological material supports the proposed
links. An example of this is the 9th century woman buried at Adwick-le-Street with an
assemblage of artefacts typical of Viking Age Norway (Speed and Walton Rogers 2004).
Oxygen and strontium data proposed Trøndelag as a place of origin for this woman, and the
close similarity with the data from this project supports this suggestion. Similarly one of the
burials from Cnip on the Isle of Lewis, Cnip A, shows strong links with Norway through the
associated grave-goods. The burial, of an adult female, included a rich assemblage of
artefacts including two gilt bronze oval brooches, glass beads, a ringed pin, and textile
remains of a worsted diamond twill type particularly common in western Norway
(Welander, et al. 1987). Isotopic analysis of this woman could not exclude local Hebridean
origins (Montgomery, et al. 2003); however the data from Cnip A overlaps with data from
individuals from the current project – indicating that geographic origins in Norway are a
possibility. At Repton, several of the Viking burials have isotope ratios consistent with
origins in Denmark (and at least two are within the Norwegian range). However, due to the
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overlap between Denmark and the Isle of Lewis, a Hebridean background would also be a
possibility for some of the burials.
This leads to the question of whether the data from this project, alongside the available
comparative data, can bring us any closer to determining the makeup and geographical
origins of the presumed Viking armies and settlers in the British Isles. Most previously
published studies have focused on strontium isotopes only, which has had success in
identifying exotic individuals and local ranges (e.g. Price, et al. 2011; Price and Gestsdóttir
2006). However, the estimated strontium range for Britain shows a clear overlap with the
Scandinavian countries as shown in Figure 19 (see also Table 8). On the basis of strontium
alone, it is therefore not possible to discern between individuals with British origins and
those who have grown up in Denmark, or the less radiogenic areas of Norway and Sweden.
Although there are overlaps in oxygen ranges too, the combination of oxygen and strontium
analyses has much greater potential of providing more conclusive results. At present
however there is very little δ18Oph data available from Scandinavia for comparison.
The comparative data in Figure 18 also raises another important point. The possible
Viking ‘armies’ from Oxford and Weymouth both show a wide range of oxygen and
strontium ratios, which could correspond to origins in diverse geographical regions. Pollard,
et al. (2012:98) concluded that the Oxford burials, like the Weymouth burials, could
“represent a mixed group of professional soldiers”. Similarly data from Trelleborg indicated
that the Viking army buried there also had mixed origins, and may have included a number
of foreign soldiers (Price, et al. 2011). Although the Scandinavian burials from Repton
cannot be conclusively confirmed to represent an invading Viking army, the initial results
from Budd, et al. (2004) also indicate a variety of geographical backgrounds. Thus it appears
that Viking armies were heterogeneous in geographical makeup, and the data analysed here
therefore challenges the traditional view of invading forces from distinct and defined
Scandinavian homelands. This is particularly the case for present-day Denmark, which is not
a match for the wide range of strontium and oxygen ratios seen amongst the presumed
Viking armies. In other words, the data does not support the notion of armies consisting
solely of 'Danish' soldiers, all originating from the areas thought to be under Danish rule in
the Viking Age. It may be possible that these mixed military forces were in fact largely
consisting of members recruited from diverse places, but another interpretation is also
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possible. The Norwegian data and the results from Repton cemetery 3M are both
interpreted archaeologically to represent a different demographic from the ‘army’ burials –
that of settled populations. However, the results show mobility also within these
populations, which therefore implies a general tendency towards much more mobile
lifestyles during the Viking Age than previously assumed (see also section 5.2. for a
discussion of the wider implications of this). It is therefore possible that in addition to
recruitment from other places, the variation seen in the presumed armies also stems from
mobility within the home communities.

4.3.2. Diet
In order to determine whether there are any general characteristics in diet amongst Viking
populations, the data from the Norwegian material will be combined with the other ‘Viking’
sites from elsewhere in Scandinavia and the British Isles. The comparative material used is
described in section 3.2. Figure 20 shows a plot of δ13C and δ15N values for Viking (and
possible Viking) populations in Scandinavia and the British Isles (see Table 3 for data
sources).
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Figure 20 δ C and δ N values for Viking (and possible Viking) sites in Scandinavia and the British Isles
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Figure 21 Comparison of Viking and Anglo-Saxon sites

The majority of the data, including the Norwegian material, is clustered between approx. 21.5‰ and -19‰ for δ13C, and 10‰ to 14‰ for δ15N. The Ridanäs and Newark Bay data
are somewhat different, with the latter showing a correlation of increasing δ15N and δ13C
ratios, perhaps consistent with the consumption of marine mammals. In comparison, Figure
21 shows a plot of the same sites against three Anglo-Saxon sites (Berinsfield, Yarnton and
York). The Anglo-Saxon sites display much less variation in diet, with the Viking sites
generally showing enriched δ15N ratios and a greater range of δ13C ratios. Statistical analysis
confirms that there is a highly significant difference for both isotopes (two-sample t-tests,
unequal variances, t=14.11, df=271, p˂0.001 for δ15N, t=3.94, df=182, p˂0.001 for δ13C).
To make the comparisons somewhat clearer, Figure 22 and

Figure 23 show box-and-

whisker charts with the mean, standard deviation and range for all sites. For carbon ratios,
the chart shows a distinct difference between Ridanäs and Newark Bay, and the remaining
sites.
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Figure 22 Comparison of carbon ratios (left) Figure 23 Comparison of nitrogen ratios (right)

The two former locations exhibit more positive carbon means and ranges, which is usually
an indication of a higher dependence on marine foods. The Anglo-Saxon sites are generally
similar to each other, and show smaller ranges in δ13C than the Viking sites. For nitrogen
ratios, there seems to be more variation overall. The highest means and averages are seen
at Birka and Newark Bay. Ridanäs however shows less enriched nitrogen ratios. For the
Anglo-Saxon sites, the range and mean values at Yarnton are higher than the other two for
nitrogen, and lower for carbon. In order to investigate these comparisons further, t-tests
were carried out on the mean ratios for δ13C and δ15N between all the sites studied. The
results are shown in Figure 24 and Figure 25. The statistical analyses indicate that there are
statistically significant differences between individual Scandinavian Viking sites analysed
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Figure 24 Comparative t-tests for carbon

Figure 25Comparative t-tests for nitrogen
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in terms of combined δ13C and δ15N ratios at the 95% confidence level. In other words, there
are no two sites from Scandinavia that are statistically similar in both carbon and nitrogen
ratios. Although some of the Scandinavian sites are statistically similar to Anglo-Saxon sites
in either carbon or nitrogen ratios, none show similarities in both. The implication of this is
that the Viking sites generally show a considerable variety in dietary focus. This is most likely
to be a result of regional adaptations to available resources; a result which is in accordance
with the regional variation in diet found in Norway. Of all the sites analysed only two have
statistically significant similarities in both mean δ13C and mean δ15N ratios; Weymouth and
Bjӧrned, and Oxford and Yarnton. It is noteworthy that the oxygen and strontium data from
the Weymouth material could fit geographical origins in Sweden and/or Norway. The
similarity between Oxford and Yarnton was briefly noted by Pollard, et al. (2012:92),
although the authors concluded that mixed Scandinavian, rather than local, origins for the
Oxford burials were most likely based on the strontium and oxygen data. However, with the
proximity between Yarnton and St John’s college in mind, another scenario is possible. Only
a sub-sample of the Oxford material was analysed for both strontium and oxygen isotopes,
and of these not all lay outside the estimated range for Britain. It is possible that the Oxford
burials consist of a mixed group of individuals with Scandinavian and local origins. The
excavations at Yarnton showed no indications of Viking contact (Hey and Allen 2004),
however the men buried at St John’s college could have lived locally and subsisted on similar
resources. The data from tooth enamel only relates to childhood place of residence whereas
the dietary data relates to a person’s last few years of life; it is therefore possible that the
burials represent a combination of individuals settled locally and more recent arrivals from
Scandinavia. Finally; although no overall similarities between Scandinavian Viking diets were
found here, the overall differences and variation in carbon and nitrogen between AngloSaxon and Viking diets is noteworthy. For δ13C, the variation in carbon ratios relative to
variation in climate and latitude observed by Van Klinken, et al. (1994) could be a possible
explanation. However, if this was the case then a greater similarity between the
Scandinavian Viking sites would have been expected. Furthermore van Klinken’s data offers
no explanation for the higher nitrogen ratios seen in the Viking material. The latter was also
noted by Pollard, et al. (2012:91), who attributed this to increased marine consumption at
Newark Bay and either consumption of freshwater fish or farming with nitrogenous
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fertilizers at Birka. However, in an isotopic study of late Viking Age and Early Christian
Gotland, Sweden, Kosiba, et al. (2007) noted that domesticated animal species (cow, pig and
sheep) had collagen δ13C and δ15N values more enriched than the same species in other
European countries and from other periods on Gotland. As C4 foods were most likely not
available in Northern Europe at the time, the authors attribute these enriched values to the
use of marine foods and/or by-products as animal fodder (Kosiba, et al. 2007:405). There is
historical evidence to suggest that seaweed, which is rich in nitrogen, was widely used as
animal fodder from the earliest settlement of Iceland (Kristjánsson 1982), and written
sources attest to such use in Norway from at least the late 16 th century, and probably also
much earlier (Høeg 1982). More recent sources from Norway suggest that seaweed was fed
in combination with leftover fish to most domestic animals except for the horse (Høeg
1982:125). This may be a possible explanation for the higher nitrogen ratios observed in
Scandinavian cattle, sheep/goat and pigs, but not in horse and other wild animals (see
Figure 10 in section 4.1.2. above). Furthermore, seaweed was commonly used as a fertiliser
in Iceland, Norway, Denmark and Finland until recent times (Høeg 1982; Kristjánsson 1982;
Lange 1982; Vilkuna 1982). Human consumption of certain species of seaweed was also
commonplace in Scandinavia. Kristjánsson (1982:129-130) suggests that this custom came
to Iceland through settlers from the British Isles, as the etymology of the names of certain
seaweed species suggest Celtic origins. If this is the case, then the widespread use of
seaweed for the same purposes as in Scandinavia may have been common in at least the
northern parts of the British Isles. This is supported by isotopic evidence for winter grazing
on seaweed by sheep in Scotland during the Neolithic, shown by a considerable enrichment
in carbon ratios (Balasse, et al. 2006). Although it has been suggested that seaweed may
have been brought to inland Anglo-Saxon England for use as fertiliser or animal fodder,
there is not any convincing evidence for this at present (Mays and Beavan 2012:872).
To summarise the comparison of the available data suggests the following points:
1.

There is a highly significant statistical difference in both carbon and nitrogen ratios
between the Viking sites analysed and the selection of Anglo-Saxon sites studied.

2.

The Scandinavian Viking sites show a varied range of diets, with no sites analysed
showing statistically significant similarities in both carbon and nitrogen ratios.
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3. Statistically significant similarities in both carbon and nitrogen ratios at the 95%
confidence level were found between Oxford and Yarnton, and Weymouth and Björned.
4. At some Viking sites, such as Newark Bay, the correlation of enriched carbon and
nitrogen isotopes indicates high levels of fish or marine mammal consumption.
However, at other sites the elevated levels may be due to widespread use of seaweed
as a fertiliser and/or as animal fodder.
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5. Discussion
5.1. A Viking diet?
Overall, the conclusions drawn from the Norwegian dietary analysis are in agreement with
archaeological sources for Viking Age diets. Kaland and Martens (2000) emphasise that
Viking economies were mainly based on agriculture and animal husbandry. However, local
adaptations were important, as conditions for farming varied throughout the Nordic region.
In coastal areas, and particularly further north, farming was combined with fishing and
hunting of marine mammals. This provided a secure food supply and enabled survival on
small farms with limited arable land; fish was therefore an important part of coastal diets
(Kaland and Martens 2000:46). Stockfish production and consumption was important, and
has even been shown to relate to the formation and maintenance of social and political
power (Perdikaris 1999). Analysis of faunal material from archaeological sites dating to both
the Viking Age and the medieval period has shown that cattle, pig and sheep/goat
dominated the terrestrial species consumed, with only a limited or negligible contribution
from wild species such as elk and reindeer (Barrett, et al. 2007; Hufthammer 2000; Kaland
and Martens 2000). This is reflected in the isotopic data from the current study. There is
considerable archaeological evidence for hunting and trapping of wild mammals in Viking
Age Norway (Kaland and Martens 2000; Solberg 2003:275), but the isotopic data analysed
here may imply that the main value of this lay in obtaining antler and hide for craft
production, trade and exchange, rather than for the consumption of wild meat.
The dietary analysis of both the Norwegian and the comparative material suggests that
subsistence patterns in the Viking world varied considerably. Regional adaptation appears to
have been of particular importance, as is shown by the strong correlation between a marine
focus in coastal areas of Norway, and more terrestrial diets inland.
Data from the current project could not prove any differences relating to status or age,
and only a slight but statistically insignificant difference between male and female diets.
Differences in diet between the sexes have been discovered through isotopic analysis
elsewhere, such as at Newark Bay, Orkney, and this may reveal hierarchies and gender
differences which may otherwise not be visible in the archaeological record. Viking Age
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society is usually considered to be male dominated (e.g. Magnúsdóttir 2008), with distinct
separation between the roles carried out by men and woman (but see Stig Sørensen 2009
for a review). These task-based gender differences usually see women working in the
domestic sphere, at home on the farm, whilst men were usually responsible for fishing,
trade and warfare (e.g. Kaland and Martens 2000:46). It is possible that such differences
may have had an impact on diet; those spending considerable periods at sea may plausibly
exhibit diets higher in marine foods (Richards, et al. 2006:128). However the data from the
current study does not indicate such differences between men and women, which may thus
imply less rigorous gender-based work divisions. Although care should be taken to draw
conclusions from single individuals, the female who exhibited this study's diet highest in
marine foods may perhaps suggest that women could also have had lifestyles focused on
sea-based activities. It is also noteworthy that dietary differences between the sexes were
not discovered at Birka (Anna Linderholm, et al. 2008:451), nor at Anglo-Saxon Berinsfield
(Privat, et al. 2002:786). It is possible therefore that the nature of gender identities at
Newark Bay was different from the Scandinavian sites, which may be of significance for
understanding the nature of identities in the Viking diaspora.
Importantly, the Norwegian data shows that variety in diet applied to aspects of identity
too. For example, within the coastal part of the sample one woman from a ‘wealthy’ grave
(N19) subsisted on a diet almost entirely based on terrestrial foods, whereas another
‘wealthy’ female (N40) consumed a very high proportion of marine foods. Almost
completely terrestrial diets were observed in the two females buried in the Oseberg ship
(δ13C ratios of -21.6‰ and -21‰), which has led to the speculation that both these two
women were of the same high rank, as opposed to queen and servant or slave (Holck
2006:205). However data from the current project does not indicate that marine diets
necessarily imply lower status. This may tentatively hint that diet may not have been a
strong marker of status-based social distinctions in Viking Age society. However, as the
techniques used here only analyse the protein part of the diet, the results may not be
entirely reflective of Viking Age dietary practice; bulk isotope analyses cannot differentiate
between quality of diet, or between different types of products derived from the same food
source.
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Are there, then, any dietary patterns that could be recognized as distinctly Viking traits?
Overall diets from Viking populations have enriched nitrogen ratios and a greater range of
carbon ratios relative to Anglo-Saxon populations. However, the inter-site variation is
considerable, and Viking populations do not seem to show an overall trend for higher
consumption of marine foods. At some sites the elevated nitrogen levels are clearly due to
the consumption of marine protein, but at others an alternative explanation is necessary. A
possible explanation lies in animal husbandry techniques, whereby domesticated species
were fed seaweed and marine foods and/or by-products as animal fodder, as well as the use
of nitrogenous fertilizers. The use of seaweed may be seen as another regional adaptation,
particularly useful in providing a nutritious source of animal fodder throughout the winter.
On balance, the results from the current study show that although the nitrogen levels
are higher among Viking than Anglo-Saxon population, they do not support a generalisation
to suggest that all Viking populations subsisted on diets high in marine foods. Although
there were distinct differences between the Anglo-Saxon and Viking diets analysed here, the
variation between sites shows that this should not be translated into a differentiation
between ethnicities.
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5.2. Mobility: impact on homelands old and new
The analysis of the Norwegian sample shows that there was a high level of mobility amongst
the individuals buried in Trøndelag. In particular, two women from Jøa, N27 and N28 are
certainly not local to the area. High mobility amongst women in a community is often taken
as a sign of exogamy and patrilocality, where women move their place of residence to that
of their husbands (see e.g. Bentley 2006; Haak, et al. 2008). The Icelandic sagas attest to the
political and social importance of alliances through marriage and concubinage in Viking Age
society (Magnúsdóttir 2008), and exchange of marriage partners is also known to have been
common amongst the Viking and Saami elites in Norway and Sweden (Zachrisson 2008:36).
The isotopic evidence presented here cannot give an exact answer to where these two
women originated from, as overlapping strontium and oxygen ratios mean they could have
originated from either Britain or possibly southern Scandinavia. However, archaeological
evidence demonstrates links between British Isles and Trøndelag in the late 9th and 10th
centuries, which makes Britain a very likely candidate. The presence of a Viking woman with
Norwegian origins at Adwick-le-Street in South Yorkshire in the late 9th century not only
confirms the link between these two areas, but also attests to mobility amongst 9 th century
Scandinavian women. It is very possible that alliances through marriage occurred between
the British Isles and Scandinavian countries. Such links have previously been proposed
through the presence of personal ornaments in female graves, whereby different dressstyles have been interpreted to be reflective of differing ethnic identities (see Glørstad
2010:122-123 for a discussion). Genetic evidence gives a further indication of mixed
marriages in the Viking world; DNA analysis of modern populations on Iceland have recently
estimated patrilineal ancestry to be 75% Scandinavian, and matrilineal ancestry to 66%
British/Irish (Goodacre, et al. 2005). In fact, Trøndelag, and Jøa in particular, has a link with
the early settlement of the Eyjafjörður region of Iceland, through written sources such as
the Landnámábok and burial customs. The only other place where the unusual seated
burials at Jøa are found is in this region (Bjørlo 2010). The isotope data supports the
possibility that N27 and N28 may have been British immigrants. Of course the isotopic data
does not provide us with any indications of the ethnic identities of these two women; they
could just as easily have been second generation Scandinavians as Anglo-Saxons. The latter
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opens for possibility that these women represented mixed marriages, and may even have
been amongst the ancestors of those who went on to populate Iceland.
Previous isotopic studies that have identified female migrants in the Viking World have
suggested that these may have been foreign slaves, even though this has not been
supported by the archaeological material (e.g. Montgomery, et al. 2003; J. Montgomery and
J. A. Evans 2006; Price, et al. 2011). Although it is known through both archaeological and
historical sources that slavery was a part of the Viking economy, recent studies have
suggested that it was a far less common feature in Scandinavian society than previously
thought (cf. Brink 2008b; Karras 1988). Interpretations of these women as slaves thereby
seem based largely on an assumption that mobility was uncommon amongst the general
female Viking Age population. Such views have been challenged recently by the
identification of a greater number of female Scandinavian migrants in eastern England
(McLeod 2011).

There are no indications in the archaeological material that any of the

burials at Jøa were those of slaves; although artefacts from some of the graves were of a
somewhat unusual nature (Marstrander 1978), these were still consistent with Scandinavian
origins1.
The presence of the two non-local women in Norway therefore leads to some important
considerations. The impact of migrations in general is often considered in terms of the
receiving country; i.e. how the arrival of the newcomers affects the indigenous populations.
However another important aspect is how the migrations affected those left behind in the
homeland communities. In Viking Age research much emphasis has been on male mobility
and migrations; on the raiding armies and male settlers abroad. However the impact of this
on gender relations in the homelands has also been considered. It has been proposed that
the absence of men through warfare and trade led to the opportunity of elevated status
amongst women in a society that was otherwise male dominated (Dommasnes 1987;
Solberg 2003:269; see Stig Sørensen 2009 for a critical discussion). Some of these theories
were particularly based on an analysis of the presence of artefacts imported from the British
Isles in Norwegian graves. More than 80% of such items are found in female graves; and it is
the presence of such objects and their links to foreign travel that has been translated to
1

Due to incomplete labelling it has not been possible to match the Schreiner collection’s anthropological
numbers with Sverre Marstrander’s grave numbers for all the burials from Jøa. A thorough examination of the
original excavation documentation should clarify this, but this was beyond the scope of the current project.
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elevated status (Wamers 1985 in Glørstad 2010:120). More recently however this view has
been criticised as a static view of gender identities where a woman’s role, actions and
importance are defined solely through the presence or absence of men (Glørstad 2010:121).
Of the Norwegian material analysed in this project, N24 (a female aged 20-30 buried in
Snåsa, Nord-Trøndelag), was buried with an artefact of Irish origin; a partially gilded silver
mount or fitting reused as a personal ornament. It was not possible to sample this individual
for oxygen and strontium analysis, so her geographical origins are unknown. Significanly, she
was buried on an east-west alignment in a stone coffin; a practice which was uncommon in
a pre-Christian cultural environment. It has been argued that women played an important
part in the Christianisation of Scandinavia (Gräslund 2003), and graves such as these may
represent an early conversion to Christianity. The contact between Norway and the British
Isles in the 9th and 10th century is important in this context, as it lead to increased exposure
to Christianity in the pagan Viking homelands. Hence, the presence of two women possibly
originating from Britain (regardless of their ethnic and/or cultural identities) may shed more
light on this process. The role of women in the migration process, and in the Viking diaspora
in particular, has been emphasised recently; in particular women’s active role in the
transference and maintenance of language, cultural and social norms and behaviours, and
material culture (Glørstad 2010:125). This role of communicating culture and identities may
have been of importance amongst the migrants in the receiving countries, but may also
have been valued amongst those who returned to Scandinava (Glørstad 2010:126) .
The recent evidence of mixed geographical origins in the presumed Viking armies
discovered in Weymouth and Oxford, as well as the evidence from Trelleborg, suggests that
these groups consisted of members from a variety of places within Scandinavia. However, as
the Trøndelag data suggests the populations in the homelands were also mobile, this leads
to a new set of considerations. Viking research in the British Isles usually divides the
Scandinavian incomers into groups of ‘Danes’ and ‘Norse’, based on presumed origins in
present-day Denmark and Norway respectively. While this is based mainly on historical, but
sometimes also archaeological and genetic evidence, such delineations tend to blur the
nuances and variety shown by the isotopic data. Furthermore the data from Oxford may
offer a different scenario. Some of the Oxford individuals lie clearly outside the expected
range of Britain, whereas others would fit English origins quite comfortably (Pollard, et al.
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2012). As the dietary analysis from this group shows an overlap with another, roughly
contemporary Oxfordshire population it is possible that the burial group consisted of a
number of settled Scandinavians alongside men who grew up in Scandinavian countries –
perhaps recently arrived in England. This may also indicate a migration process with more
continued contact between the new and original homelands, which could lend support to
the concept of a Viking diaspora.
How, then, do these high levels of mobility affect social identities – both locally and in
the wider geographical (and cultural) areas? Does mobility internally within the homelands
suggest greater variability, and subsequently a greater likelihood of adapting changes and
different circumstances – thereby creating more fluid and flexible identities? If so, then this
could be a vital clue to understand the rapid assimilation of Scandinavian settlers in the
British Isles, and the swift adaptation of new customs and religion, such as different burial
rites and Christianity.
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6. Conclusions and future work
The overall aim of this project was to investigate social identities in Norway and the British
Isles through isotopic analysis of diet and mobility. The results of the analyses showed
considerable dietary variation amongst the comparative Viking populations, but also in
Norway. A strong correlation was found between the emphasis on terrestrial food sources
in inland areas, and marine diets in coastal regions; thus implying regional adaptation to
available resources. In the Norwegian sample, no differential diets were found between the
sexes or different age groups. Furthermore, the variety in diets reached across status
groups, with no correlation seen between ‘wealthier’ graves and specific diets. More
enriched nitrogen and carbon ratios amongst the Viking populations than the Anglo-Saxon
sites studied were observed, which most likely relates to the use of marine by-products as
animal fodder and fertiliser.
The oxygen and strontium data showed considerable mobility in Trøndelag, and
identified two women of non-local origin; the isotope ratios in combination with
archaeological and historical sources suggest geographical origins in Britain for these
individuals. The indication of mobility in the homelands is paralleled in the makeup of the
presumed Viking armies in the British Isles; a result which may challenge the traditional
interpretations of mono-ethnic migration models and sedentary populations in the
Scandinavian homelands.
Results from this study raise several new questions. How representative of the whole of
Norway is the material analysed here? Is there further geographical variation elsewhere? A
combination of the current study with the data from KHM’s SIGMA project, which
investigates social identity in the Late Iron Age through isotopes, DNA and osteological
analyses, will provide a considerably more holistic view of Viking Age Norway. There is also
scope for further investigation of the material from Jøa, to get a better understanding of the
unusual burial rites and the historical and archaeological link with Iceland.
The project has also highlighted a need for a better understanding of the processes of
migration in the Viking diaspora, and of interaction between Scandinavian newcomers and
the settled population in the British Isles. Isotopic studies of both diet and mobility can
contribute further to this; both through the availability of more comparative data from
Scandinavia, and from further analysis of sites of Scandinavian settlement in Britain.
84

7. Bibliography
Åberg, G., G. Fosse and H. Stray
1998 Man, nutrition and mobility: A comparison of teeth and bone from the
Medieval era and the present from Pb and Sr isotopes. Science of The Total
Environment 224(1–3):109-119.
Abrams, L.
2012 Diaspora and identity in the Viking Age. Early Medieval Europe 20(1):1738.
Ambrose, S. H.
1990 Preparation and characterization of bone and tooth collagen for isotopic
analysis. Journal of Archaeological Science 17(4):431-451.
Ambrose, S. H., J. Buikstra and H. W. Krueger
2003 Status and gender differences in diet at Mound 72, Cahokia, revealed by
isotopic analysis of bone. Journal of Anthropological Archaeology 22(3):217-226.
Ambrosiani, B.
2008 Birka. In The Viking world, edited by S. Brink and N. S. Price, pp. 94-100.
Routledge, London.
Andersson, K.
2006 Diet och identitet : Analyser av kol- kväve- och svavelisotoper på indivier
från det kristna senvikingatida gravfältet i Björned, Torsåkers socken,
Ångermanland. MA dissertation, Stockholm University, Department of
Archaeology and Classical Studies.
Anthony, D. W.
1990 Migration in Archaeology: The Baby and the Bathwater. American
Anthropologist 92(4):895-914.
Appleby, J. E. P.
2010 Why We Need an Archaeology of Old Age, and a Suggested Approach.
Norwegian archaeological review 43(2):145-168.
Arppe, L. and J. A. Karhu
2010 Oxygen isotope values of precipitation and the thermal climate in Europe
during the middle to late Weichselian ice age. Quaternary Science Reviews 29(9–
10): 1263-1275.
Babic, S.
2005 Status identity and archaeology. In The archaeology of identity:
approaches to gender, age, ethnicity, status and religion, edited by M. DíazAndreu, S. Lucy, S. Babic and D. Edwards, pp. 67-85. Routledge, Abingdon.
Balasse, M., A. Tresset and S. H. Ambrose
2006 Stable isotope evidence (δ13C, δ18O) for winter feeding on seaweed by
Neolithic sheep of Scotland. Journal of Zoology 270(1):170-176.
Barrett, J., C. Johnstone, J. Harland, W. Van Neer, A. Ervynck, D. Makowiecki, D. Heinrich,
A. K. Hufthammer, I. B. Enghoff, C. Amundsen, J. S. Christiansen, A. K. G. Jones, A. Locker,
S. Hamilton-Dyer, L. Jonsson, L. Lõugas, C. Roberts and M. Richards
2008 Detecting the medieval cod trade: a new method and first results. Journal
of Archaeological Science 35(4):850-861.
Barrett, J. H.
2008 What caused the Viking Age? Antiquity 82(317):671-686.

85

Barrett, J. H., A. Hall, C. Johnstone, H. Kenward, T. O'Connor and S. Ashby
2007 Interpreting the Plant and Animal Remains from Viking-age Kaupang. In
Kaupang in Skiringssal, edited by D. Skre, pp. 283-310. vol. 22. Kulturhistorisk
museum, Universitetet i Oslo, Oslo.
Barrett, J. H. and M. P. Richards
2004 Identity, Gender, Religion and Economy: New Isotope and Radiocarbon
Evidence for Marine Resource Intensification in Early Historic Orkney, Scotland,
UK. European Journal of Archaeology 7(3):249-271.
Bentley, R. A.
2006 Strontium isotopes from the earth to the archaeological skeleton: A
review. Journal of Archaeological Method and Theory 13(3):135-187.
BGS
2012 British Geological Survey: Geology of Britain Viewer (Web Page)
http://mapapps.bgs.ac.uk/geologyofbritain/home.html 18/04/2012
Biddle, M. and B. Kjølbye-Biddle
1992 Repton and the Vikings. Antiquity 66(250):36-51.
2001 Repton and the'great heathen army', 873-4. In Vikings and the Danelaw:
select papers from the proceedings of the thirteenth viking congress, Nottingham
and York, 21-30 August 1997, edited by J. Graham-Campbell, pp. 45-96. Oxbow
Books, Oxford.
Bjørlo, A. H.
2010 Fra landnåmet til fristatens slutt: migrasjon, tradisjon og strategier i
Eyjafjörður. MA dissertation, University of Oslo, Oslo.
Bourdieu, P.
1977 Outline of a theory of practice. Cambridge University Press, Cambridge.
Bowen, G. J.
2012 The Online Isotopes in Precipitation Calculator, version 2.2 (Web Page)
http://www.waterisotopes.org 20/01/2012
Boyle, A.
2004 The Human Burials. In Yarnton: Saxon and medieval settlement and
landscape, edited by G. Hey and L. Allen, pp. 317-323. Oxford Archaeology,
Oxford.
Brink, S.
2008a Introduction. In The Viking world, edited by S. Brink and N. S. Price, pp. 13. Routledge, London.
2008b Slavery in the Viking Age. In The Viking world, edited by S. Brink and N. S.
Price, pp. 49-56. Routledge, London.
2008c Who were the Vikings? In The Viking world, edited by S. Brink and N. S.
Price, pp. 4-7. Routledge, London.
Brothwell, D. R.
1981 Digging up Bones. Third ed. Cornell University Press, Ithaca.
Budd, P., A. Millard, C. Chenery, S. Lucy and C. Roberts
2004 Investigating population movement by stable isotope analysis: a report
from Britain. Antiquity 78(299):127-141.
Chenery, C., G. Müldner, J. Evans, H. Eckardt and M. Lewis
2010 Strontium and stable isotope evidence for diet and mobility in Roman
Gloucester, UK. Journal of Archaeological Science 37(1):150-163.
Cohen, R.
1997 Global diasporas: an introduction. UCL, London.
86

Daux, V., C. Lécuyer, M.-A. Héran, R. Amiot, L. Simon, F. Fourel, F. Martineau, N.
Lynnerup, H. Reychler and G. Escarguel
2008 Oxygen isotope fractionation between human phosphate and water
revisited. Journal of Human Evolution 55(6):1138-1147.
De Niro, M. J.
1985 Postmortem preservation and alteration of in vivo bone collagen isotope
ratios in relation to palaeodietary reconstruction. Nature 317:806-809.
Díaz-Andreu, M.
2005 Gender identity. In The archaeology of identity: approaches to gender, age,
ethnicity, status and religion, edited by M. Díaz-Andreu, S. Lucy, S. Babic and D.
Edwards, pp. 13-42. Routledge, Abingdon.
Dietler, M.
2007 Culinary Encounters: Food, Identity , and Colonialism. In The Archaeology
of Food and Identity, edited by K. C. Twiss, pp. 218-242. Occasional paper /
Southern Illinois University at Carbondale. . Center for Archaeological
Investigations, Carbondale.
Dommasnes, L. H.
1987 Male/female roles and ranks in Late Iron Age Norway. AmS-Varia 17:6577.
Downham, C.
2012 Viking Ethnicities: A Historiographic Overview. History Compass 10(1):110.
Evans, J. A., C. A. Chenery and J. Montgomery
2012 A summary of strontium and oxygen isotope variation in archaeological
human tooth enamel excavated from Britain. Journal of Analytical Atomic
Spectrometry.
Evans, J. A., J. Montgomery, G. Wildman and N. Boulton
2010 Spatial variations in biosphere 87Sr/86Sr in Britain. Journal of the
Geological Society 167(1):1-4.
Fischer, A., J. Olsen, M. Richards, J. Heinemeier, Á. E. Sveinbjörnsdóttir and P. Bennike
2007 Coast–inland mobility and diet in the Danish Mesolithic and Neolithic:
evidence from stable isotope values of humans and dogs. Journal of
Archaeological Science 34(12):2125-2150.
Fjellström, M.
2011 Stable isotope analysis and ethical issues surrounding a human skeleton
material from Rounala in Karesuando parish. MA dissertation, Archaeological
Research Laboratory, Stockholm University.
Fricke, H. C., J. R. O'Neil and N. Lynnerup
1995 SPECIAL REPORT: Oxygen isotope composition of human tooth enamel
from medieval Greenland: Linking climate and society. Geology 23(10):869-872.
Glørstad, Z. T.
2010 Ringspennen og Kappen. Kulturelle møter, politiske symboler og
sentralieringsprosesser i Norge ca. 800-950. Universitetet i Oslo, Oslo.
Goodacre, S., A. Helgason, J. Nicholson, L. Southam, L. Ferguson, E. Hickey, E. Vega, K.
Stefansson, R. Ward and B. Sykes
2005 Genetic evidence for a family-based Scandinavian settlement of Shetland
and Orkney during the Viking periods. Heredity 95(2):129-135.
87

Gräslund, A.-S.
2003 The role of Scandinavian women in the Christianisation: the neglected
evidence. In The Cross Goes North: Processes of Conversion in Northern Europe AD
300-1300., edited by M. Carver, pp. 483-496. York Medieval Press, Woodbridge.
Griffiths, D.
2010 Vikings of the Irish Sea: conflict and assimilation AD 790-1050. History
Press, Stroud.
Haak, W., G. Brandt, H. N. de Jong, C. Meyer, R. Ganslmeier, V. Heyd, C. Hawkesworth, A.
W. G. Pike, H. Meller and K. W. Alt
2008 Ancient DNA, Strontium isotopes, and osteological analyses shed light on
social and kinship organization of the Later Stone Age. Proceedings of the
National Academy of Sciences of the United States of America 105(47):1822618231.
Hadley, D. M.
2006 The Vikings in England. Settlement, Society and Culture. Manchester
University Press, Manchester.
Halsall, G.
2000 The viking Presence in England? The Burial Evidence Reconsidered. In
Cultures in Contact: Scandinavian Settlement in England in the Ninth and Tenth
Centuries, edited by D. M. Hadley and J. D. Richards, pp. 259-276. Studies in the
Early Middle Ages. Brepols, Turnhout.
Hamerow, H.
1997 Migration Theory and the Anglo-Saxon 'Identity Crisis'. In Migration and
invasions in archaeological explanation, edited by J. Chapman and H. Hamerow.
BAR international series ; 664. Archaeopress.
Härke, H.
1990 "Warrior Graves"? The Background of the Anglo-Saxon Weapon Burial
Rite. Past & Present (126):22-43.
Hastorf, C. A. and M. Weismantel
2007 Food: Where Opposites Meet. In The Archaeology of Food and Identity,
edited by K. C. Twiss, pp. 308-331. Occasional paper / Southern Illinois
University at Carbondale. Center for Archaeological Investigations. Center for
Archaeological Investigations, Carbondale.
Haywood, J.
1995 The Penguin Historical Atlas of the Vikings. Penguin Books, London.
Hey, G. and L. Allen
2004 Yarnton: Saxon and medieval settlement and landscape. Oxford
Archaeology, Oxford.
Hills, C. M.
1999 Early Historic Britain. In The archaeology of Britain : an introduction from
the Upper Palaeolithic to the Industrial Revolution, edited by J. Hunter and I.
Ralston. Routledge.
2003 Origins of the English. Duckworth, London.
Høeg, O. A.
1982 Tang I og tare. Generelt og Norge In Kulturhistorisk leksikon for nordisk
middelalder fra vikingtid til reformasjonstid, edited by J. Danstrup, pp. 124-128.
vol. 18. Rosenkilde og Bagger, København.
88

Holck, P.
1990 Den fysiske antropologi i Norge: fra Anatomisk institutts historie 18151990. Antropologiske skrifter 3. Avdeling for anatomi, Institutt for medisinske
basalfag, Universitetet i Oslo, Oslo.
2006 The Oseberg Ship Burial, Norway: New Thoughts On the Skeletons From
the Grave Mound. European Journal of Archaeology 9(2-3):185-210.
Hufthammer, A. K.
2000 Kosthold hos overklassen og hos vanlige husholdninger i middelalderen.
En sammenligning mellom animalosteologisk materiale fra Trondheim og Oslo. .
In Osteologisk materiale som historisk kilde, edited by A. Dybdahl, pp. 163-187.
vol. nr. 11. Senter for middelalderstudier, Trondheim.
Jenkins, R.
2004 Social Identity. . Second Edition ed. Routledge, London.
Johnson, M.
1999 Archaeological Theory: An Introduction. Blackwell, Oxford.
Jones, S.
1997 The archaeology of ethnicity. Constructing identities in the past and present.
Routledge, London.
2007 Discourses of identity in the interpretation of the past. In The Archaeology
of Identities. A reader, edited by T. Insoll, pp. 44-58. Routledge, London.
Jørkov, M. L. S., J. Heinerneier and N. Lynnerup
2007 Evaluating bone collagen extraction methods for stable isotope analysis in
dietary studies. Journal of Archaeological Science 34(11):1824-1829.
Kaland, S. H. H. and I. Martens
2000 Farming and daily life. In Vikings: the North Atlantic saga, edited by E. I.
Ward and W. W. Fitzhugh, pp. 42-54. Smithsonian Institution Press in association
with the National Museum of Natural History, Washington, D.C.
Karras, R. M.
1988 Slavery and society in medieval Scandinavia. Yale University Press, New
Haven.
Katzenberg, M. A.
2008 Stable isotope analysis: A tool for studying past diet, demography, and life
history. In Biological anthropology of the human skeleton, edited by M. A.
Katzenberg and S. R. Saunders, pp. 413-441. Wiley-Liss, Hoboken.
Knudson, K. J., B. O'Donnabhain, C. Carver, R. Cleland and T. D. Price
2011 Migration and Viking Dublin: Paleomobility and Paleodiet through
Isotopic Analyses. Journal of Archaeological Science.
Kosiba, S. B., R. H. Tykot and D. Carlsson
2007 Stable isotopes as indicators of change in the food procurement and food
preference of Viking Age and Early Christian populations on Gotland (Sweden).
Journal of Anthropological Archaeology 26(3):394-411.
Kristjánsson, L.
1982 Tang I Island. In Kulturhistorisk leksikon for nordisk middelalder fra
vikingtid til reformasjonstid, edited by J. Danstrup, pp. 128-130. vol. 18.
Rosenkilde og Bagger, København.
Lange, J.
1982 Tang I Danmark. In Kulturhistorisk leksikon for nordisk middelalder fra
vikingtid til reformasjonstid, edited by J. Danstrup, pp. 130-131. vol. 18.
Rosenkilde og Bagger, København.
89

Le Huray, J. D., H. Schutkowski and M. P. Richards
2006 La Tène Dietary Variation in Central Europe: A Stable Isotope Study of
Human Skeletal Remains from Bohemia. In Social archaeology of funerary
remains, edited by R. Gowland and C. Knüsel, pp. 99-116. Oxbow Books, Oxford.
Leach, S., M. Lewis, C. Chenery, G. Müldner and H. Eckardt
2009 Migration and diversity in Roman Britain: a multidisciplinary approach to
the identification of immigrants in Roman York, England. American Journal of
Physical Anthropology 140(3):546-561.
Levinson, A. A., B. Luz and Y. Kolodny
1987 Variations in oxygen isotopic compositions of human teeth and urinary
stones. Applied Geochemistry 2(4):367-371.
Lightfoot, E., T. C. O'Connell, R. E. Stevens, J. Hamilton, G. Hey and R. E. M. Hedges
2009 An investigation into diet at the site of Yarnton, Oxfordshire, using stable
carbon and nitrogen isotopes. Oxford Journal of Archaeology 28(3):301-322.
Linderholm, A., K. Andersson, C.-M. Mörth, L. Grundberg, B. Hårding and K. Liden
2008 An early Christian cemetery at Björned in northern Sweden. Fornvännen
103:176-189.
Linderholm, A., C. H. Jonson, O. Svensk and K. Liden
2008 Diet and status in Birka: stable isotopes and grave goods compared.
Antiquity Vol.82(316):446-462.
Longinelli, A.
1984 Oxygen isotopes in mammal bone phosphate: A new tool for
paleohydrological and paleoclimatological research? Geochimica et
Cosmochimica Acta 48(2):385-390.
Lucy, S.
2005 The archaeology of age. In The archaeology of identity: approaches to
gender, age, ethnicity, status and religion, edited by M. Díaz-Andreu, S. Lucy, S.
Babic and D. Edwards, pp. 43-66. Routledge, Abingdon.
Lund, N.
1997 The Danish Empire and the End of the Viking Age. In The Oxford
Illustrated History of the Vikings edited by P. H. Sawyer, pp. 156-181. Oxford
University Press, Oxford.
Luz, B., Y. Kolodny and M. Horowitz
1984 Fractionation of oxygen isotopes between mammalian bone-phosphate
and environmental drinking water. Geochimica et Cosmochimica Acta
48(8):1689-1693.
Magnúsdóttir, A. G.
2008 Women and sexual politics. In The Viking world, edited by S. Brink and N.
S. Price, pp. 40-48. Routledge, London.
Marstrander, S.
1978 Sandvikgravfeltet på Jøa med "sittende lik". Namdal historielag, Namsos.
Mays, S. and N. Beavan
2012 An investigation of diet in early Anglo-Saxon England using carbon and
nitrogen stable isotope analysis of human bone collagen. Journal of
Archaeological Science 39(4):867-874.
McLeod, S.
2011 Warriors and women: the sex ratio of Norse migrants to eastern England
up to 900 ad. Early Medieval Europe 19(3):332-353.
90

Meskell, L.
2001 Archaeologies of Identity. In Archaeological Theory Today, edited by I.
Hodder, pp. 187-213. Polity Press, Cambridge.
Montgomery, J. and J. Evans
2006 Immigrants on the Isle of Lewis - combining traditional funerary and
modern isotope evidence to investigate social differentiation, migration and
dietary change in the Outer Hebrides of Scotland. In Social archaeology of
funerary remains, edited by R. Gowland and C. Knüsel, pp. 122-142. Oxbow
Books, Oxford.
Montgomery, J., J. Evans and T. Neighbour
2003 Sr isotope evidence for population movement within the Hebridean Norse
community of NW Scotland. Journal of the Geological Society 160(5):649-653.
Montgomery, J., J. A. Evans, D. Powlesland and C. A. Roberts
2005 Continuity or colonization in Anglo-Saxon England? Isotope evidence for
mobility, subsistence practice, and status at West Heslerton. American Journal of
Physical Anthropology 126(2):123-138.
Müldner, G., C. Chenery and H. Eckardt
2011 The ‘Headless Romans’: multi-isotope investigations of an unusual burial
ground from Roman Britain. Journal of Archaeological Science 38(2):280-290.
Müldner, G. and M. P. Richards
2005 Fast or feast: reconstructing diet in later medieval England by stable
isotope analysis. Journal of Archaeological Science 32:39-48.
Naum, M.
2008 Homelands lost and gained: Slavic migration and settlement on Bornholm
in the early Middle Ages, Almqvist & Wiksell, Stockholm.
NGU
2012 Norges Geologiske Undersøkelse (Web Page) http://www.ngu.no/no/
20/04/2012
Nilsen, G. and S. Wickler
2011 Boathouses as Indicators of Ethnic Interaction? Acta Borealia 28(1):5588.
O Corrain, D.
1997 Ireland, Wales, Man and the Hebrides. In The Oxford Illustrated History of
the Vikings edited by P. H. Sawyer, pp. 83-109. Oxford University Press, Oxford.
Perdikaris, S.
1999 From chiefly provisioning to commercial fishery: Long-term economic
change in Arctic Norway. World Archaeology 30(3):388-402.
Pollard, A., P. Ditchfield, E. Piva, S. Wallis, C. Falys and S. Ford
2012 ‘Sprouting like cockle amongst the wheat’: The St Brice's Day massacre
and the isotopic analysis of human bones from St John's College, Oxford. Oxford
Journal of Archaeology 31(1):83-102.
Pollard, A. M., M. Pellegrini and J. A. Lee-Thorp
2011 Technical note: Some observations on the conversion of dental enamel
δ18op values to δ18ow to determine human mobility. American Journal of
Physical Anthropology 145:499-504.
Pollard, M., C. Batt, B. Stern and S. M. M. Young
2007 Analytical Chemistry in Archaeology. Cambridge Manuals in Archaeology.
Cambridge University Press, Cambridge.
91

Price, N.
2008 Dying and the dead: Viking Age mortuary behaviour. In The Viking world,
edited by S. Brink and N. S. Price, pp. 257-273. Routledge, London.
Price, N. S. and S. Brink
2008 The Viking world. Routledge, London.
Price, T. D., K. M. Frei, A. Siegried Dobat, N. Lynnerup and P. Bennike
2011 Who was in Harold Bluetooth's army? Strontium isotope investigation of
the cemetery at the Viking Age fortress at Trelleborg, Denmark. Antiquity
85(328):476-489.
Price, T. D. and H. Gestsdóttir
2006 The first settlers of Iceland: an isotopic approach to colonisation.
Antiquity 80(307):130.
Privat, K. L., T. C. O'Connell and M. P. Richards
2002 Stable isotope analysis of human and faunal remains from the AngloSaxon cemetery at Berinsfield, Oxfordshire: Dietary and social implications.
Journal of Archaeological Science 29(7):779-790.
Reay, D.
2004 ‘It's all becoming a habitus’: beyond the habitual use of habitus in
educational research. British Journal of Sociology of Education 25(4):431-444.
Redmond, A. Z.
2007 Viking burial in the North of England: study of contact, interaction and
reaction between Scandinavian migrants with resident groups, and the effect of
immigration on aspects of cultural continuity. Hedges, Oxford.
Rey, P., J.-P. Burg and M. Casey
1997 The Scandinavian Caledonides and their relationship to the Variscan belt.
Geological Society, London, Special Publications 121(1):179-200.
Richards, J. D.
1991 English Heritage book of Viking Age England. B. T. Batsford Ltd/English
Heritage, London.
2000 Identifying Anglo-Scandinavian Settlements. In Cultures in contact:
Scandinavian settlement in England in the ninth and tenthcenturies, edited by J. D.
Richards and D. M. Hadley, pp. 295-310. Brepols, Turnhout.
2002 The case of the missing Vikings: Scandinavian burial in the Danelaw. In
Burial in Early Medieval England and Wales, edited by S. Lucy and A. J. Reynolds.
The Society for Medieval Archaeology Monograph Series. The Society for
Medieval Archaeology, London.
Richards, J. D., P. Beswick, J. Bond, M. Jecock, J. McKinley, S. Rowland and F. Worley
2004 Excavations at the viking barrow cemetery at Heath Wood, Ingleby,
Derbyshire. The Antiquaries Journal 84:23-116.
Richards, M. P., B. T. Fuller and T. I. Molleson
2006 Stable isotope palaeodietary study of humans and fauna from the multiperiod (Iron Age, Viking and Late Medieval) site of Newark Bay, Orkney. Journal
of Archaeological Science 33(1):122-131.
Sawyer, P. H.
1957 The Density of the Danish Settlement in England. University of
Birmingham Historical Journal VI(1):1-17.
1997 The Age of the Vikings, and Before. In The Oxford Illustrated History of the
Vikings edited by P. H. Sawyer, pp. 1-18. Oxford University Press, Oxford.
1998 From Roman Britain to Norman England. Second ed. Routledge, Abingdon.
92

Schülke, A.
1999 On Christianzation and Grave-Finds. European Journal of Archaeology
2(1):77-106.
Sealy, J., R. Armstrong and C. Schrire
1995 Beyond lifetime averages - tracing life-histories through isotopic analysis
of different calcified tissues from archaeological human skeletons. Antiquity
69(263):290-300.
Sjögren, K.-G., T. D. Price and T. Ahlström
2009 Megaliths and mobility in south-western Sweden. Investigating
relationships between a local society and its neighbours using strontium
isotopes. Journal of Anthropological Archaeology 28(1):85-101.
Skipstad, E. M.
2009 Kvinner og kristendom på Vestlandet. En undersøkelse med utgangspunkt i
graver fra yngre jernalder i Sogn. MA dissertation, University of Bergen, Bergen.
Solberg, B.
2003 Jernalderen i Norge: ca. 500 f.Kr.-1030 e.Kr. Cappelen akademisk forlag,
Oslo.
Speed, G. and P. Walton Rogers
2004 A burial of a Viking woman at Adwick-le-Street, South Yorkshire. Medieval
Archaeology 48(1):51-90.
Stig Sørensen, M. L.
2009 Gender, Material Culture, and Identity in the Viking Diaspora. Viking and
Medieval Scandinavia 5(-1):253-269.
Stine, L. F.
1990 Social Inequality and Turn-of-the-Century Farmsteads: Issues of Class,
Status, Ethnicity and Race. Historical Archaeology 24(4):37-49.
Svanberg, F.
2003 Decolonizing the Viking age, Almqvist & Wiksell International, Stockholm.
Tauber, H.
1981 13C evidence for dietary habits of prehistoric man in Denmark. Nature
292(5821):332-333.
Thomas, R. M.
2007 Food and the Maintenance of Social Boundaries in Medieval England. In
The Archaeology of Food and Identity, edited by K. C. Twiss, pp. 130-151.
Occasional paper / Southern Illinois University at Carbondale. Center for
Archaeological Investigations, Carbondale.
Trigger, B. G.
1989 A history of archaeological thought. Cambridge University Press,
Cambridge.
Twiss, K. C.
2007 We Are What We Eat. In The Archaeology of Food and Identity, edited by K.
C. Twiss, pp. 1-15s. Occasional paper / Southern Illinois University at
Carbondale. . Center for Archaeological Investigations, Carbondale.
van der Veen, M.
2007 Food As an Instrument of Social Change: Feasting in Iron Age and Early
Roman Southern Britain. In The Archaeology of Food and Identity, edited by K. C.
Twiss, pp. 112-129. Occasional paper / Southern Illinois University at
Carbondale. . Center for Archaeological Investigations, Carbondale.
93

Van Klinken, G. J., H. van der Plicht and R. E. M. Hedges
1994 Bond 13C/12C ratios reflect (palaeo-)climatic variations. Geophysical
Research Letters 21(6):445-448.
Vilkuna, K.
1982 Tang I Finland. In Kulturhistorisk leksikon for nordisk middelalder fra
vikingtid til reformasjonstid, edited by J. Danstrup, pp. 131. vol. 18. Rosenkilde og
Bagger, København.
Vogel, J. C. and N. J. v. d. Merwe
1977 Isotopic Evidence for Early Maize Cultivation in New York State. American
Antiquity 42(2):238-242.
Welander, R. D. E., C. E. Batey and T. G. Cowie
1987 A Viking burial from Kneep, Uig, Isle of Lewis. Proceedings of the Society of
Antiquaries of Scotland 117:149-174.
Wilson, D. M.
1989 The Vikings and their Origins. Revised ed. Thames & Hudson, London.
2008 The Vikings in the Isle of Man. Aarhus University Press, Aarhus.
Wilson, J. R., S. Pedersen, C. R. Berthelsen and B. M. Jakobsen
1977 New light on the Precambrian Holum granite, South Norway. Norsk
Geologisk Tidsskrift 57:347-360.
Yoder, C.
2012 Let them eat cake? Status-based differences in diet in medieval Denmark.
Journal of Archaeological Science 39(4):1183-1193.
Zachrisson, I.
2008 The Sami and their interaction with the Nordic peoples In The Viking
world, edited by S. Brink and N. S. Price, pp. 32-39. Routledge, London.

94

8. Appendix A – Catalogue of graves

95

96

97

98

99

100

9. Appendix B – Collagen data

101

102

103

104

10. Appendix C – Enamel data

105

