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Abstract: 
This thesis deals with individuals buried at Smörkullen, Västra Tollstad parish, 
Östergötland, Sweden. The aim is to reconstruct the diet of the individuals through stable 
isotope analyses and then try to identify if social hierarchy correlates with the diet. To do 
this, 35 individuals were divided into different groups (males, females, high status graves, 
low status graves, young adults, adults, seniors and trepanned individuals) and then 
subjected to stable isotope analyses of carbon, nitrogen and sulphur. The results show that 
all individuals lived mainly on freshwater fish with a few exceptions that had a more 
mixed diet of terrestrial protein and freshwater fish. The sulphur analyses showed that one 
female (possibly two) has moved to the area sometime after the age of seven. Because of 
the homogenous diet of freshwater fish no social hierarchy based on diet could be 
established.   
 
Key words: Roman Iron Age, Östergötland, Västra Tollstad, Alvastra, Smörkullen, diet 
and stable isotopes. 
 
Front page picture: View over the Smörkullen cemetery during excavations 1906. 
Photograph taken by T.J Arne 1906 (ATA, National Heritage Board). 
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1. Introduction 
 
1.1 Preface 
This thesis will deal with isotopic analysis of human and animal bone and teeth from the 
Roman Iron Age cemetery Smörkullen, Västra Tollstad parish, Alvastra area. Alvastra is 
located in Östergötland (figure 1). In this study, I will perform circa 100 stable isotope 
analyses on the human and animal bones to study their diet. The animal bones will be used 
as a reference material for the local diet in the area. Collagen will be extracted for the 
stable isotope analyses. To eliminate the risk of testing the same individual twice, bones 
will, to the greatest extent, be used from the right hand side. Although in some cases a 
bone from the other side (left) may have to be used because there were no other available. 
Thirty-five individuals are included in the analyses as well as the reference material from 
animals. The osteologist Carola Liebe- Harkort has researched the material and for her 
work determined the individuals’ sex, age, and illnesses and so on within the frames of her 
PhD thesis. 
 
Smörkullen was excavated during 16 seasons between the years of 1900 and 1922. The 
cemetery originally consisted of about 600 graves, both inhumations and cremations. It 
was used over a period of about 400 years. There are men, women and children buried at 
the cemetery. Besides the reports, two graduate theses have been written on the subject. 
One in archaeology (Borgström 1973) and one in History of ideas (Ahlin Sundman 2006). 
Hans Browall (2003) has also written a popular science book about the Alvastra area that 
includes Smörkullen.  
 
There are not many dietary studies performed on skeletal remains from the early Roman 
Iron Age (circa 0-200 AD). Only one study has been done before on a “Swedish” material. 
It was done by Schoultz (2006) and dealt with the Roman Iron Age diet on the island 
Öland (figure 1), Sweden.  

 
This thesis will concentrate on identifying different diets between different human groups 
and if there are any migration patterns. Differences in diet between human groups might 
tell us more about diet-patterns during Roman Iron Age, for example men versus women 
and individuals buried in high status graves versus individuals buried in low status graves. 
This will be compared with medieval diets, because medieval diets are well known when 
it comes to what kind of food was eaten by whom. Medieval diets are well known because 
of written sources and because of earlier scientific investigations similar to this thesis. 
There is also a good structure in Medieval diet because of the odal society, which makes it 
grateful to compare with. Hopefully this will also shed light on the context of Smörkullen 
during Roman Iron Age.  

 
1.2 Aim and questions 
The aim of this thesis is to try and identify if social status, sex and age correlates with diet. 
To do this the individuals that are subjected to the stable isotope analyses in this thesis 
will be placed in groups (male, female, indeterminate adults, young adults, adults, seniors, 
high status graves, low status graves, different ages based on teeth and trepanned 
individuals). The dietary patterns of different groups will then be compared with each 
other to try and identify differences in social hierarchy during the Roman Iron Age, with 
the Smörkullen cemetery as the subject.   
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• What food was the diet based on? 
• Are there any dietary differences between the selected groups? 
• In reference to Medieval diet patterns, when it comes to social differences can the 

same social patterns from Medieval times be traced down already as early as in 
Roman Iron Age? 

• Can any migration patterns be traced? 
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Figure 1. Map over northern Europe. The square symbolizes the areas and provinces named in the thesis 
(Lindberg, Tove). 
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2. Food 
 
Many disciplines are included in food research. In ethnology the search for ancient food 
culture is an important research-area (Bringéus 1970:10). Food related archaeological 
remains such as utilities and bread, are also very helpful when unfolding prehistoric food-
ideology and food-culture (Egardt 1970:24). The ethnologist Egardt writes that even 
though northern Sweden gives some material about food in history and prehistory, 
southern Sweden show more food stuff that indicates culture-contacts. These differences 
can be detected thanks to the southern regions different geographical, economical and 
trade-political situations, due to the fact that they had more cultural contacts (Egardt 
1970:27). Prehistoric food can be studied in many different ways, not only in ethnological 
or historical disciplines. In archaeometry the study methods of food can be divided into 
two groups, direct and indirect. The indirect methods give information about what has 
been in ceramic vessels or what was grown in an area for example, through lipid-, protein- 
and pollen-analyses (Lidén 1995:14 and Lidén 2005:238p). Direct methods are for 
example the study of stomach contents in bog bodies and stable isotope studies (Lidén 
2005:241). A direct method that has increased during the last decades is the study of stable                        
isotopes in bones and teeth. Most of these studies are done on the collagen component of 
bones and teeth (Mays 1998:182). There is also the study of bones by osteoarchaeologists, 
they can study the remains of animals and look for marks that can be indications of 
butchery or other food-related marks. They also give information about what kind of 
animals inhabited the area. These studies will fall in with the indirect methods of studying 
food (Lidén 2005:239). 

 
During the Roman Iron Age, even though cereals were important, most of the economical 
part of a household was based on cattle and cattle-herding (Andersson & Herschend 
1999:47). Stabling animals were already in use in the centuries after the Roman Iron Age, 
which lead to an economical rise since this lowered the loss of cattle and gave better milk 
and milk products (Myrdal 1988:195p). When it comes to stabling cattle, there is no 
reason for why this was not in use already during Roman Iron Age, especially with the 
reforms in house-holding and so forth (see chap. 3.1). 
 
In waste-pits from the Roman Iron Age site RAÄ 89 between Skrukeby and Hulje, 
Östergötland (figure 2) there are bone-remains from cattle, sheep/goat, horse, fowls, geese 
and fish. These remains are interpreted as waste from slaughter (Kaliff 1999:78) and can 
therefore be related to food and food-usage.  
 
The results of an isotopic study done on material from a cemetery in Dorchester, England, 
dated to 100-400 AD show that individuals buried in high status graves had eaten more 
marine based food, than individuals buried in low-status graves (Richards et al. 
1998:1251). Schoultz (2006) analysed twenty-one adult individuals from the Roman Iron 
Age cemetery Bjärby, Öland. The intent of the thesis was to look at the diet in relationship 
to the significance of farming, herding and fishing. She also wanted to see if there were 
any gender-patterns among the individuals on the cemetery. The conclusions she drew 
was that the population’s main food-source contained of freshwater fish and then of 
terrestrial protein and that farming was of a subordinate consequence. When it came to 
differences in diet between the genders she detected a difference in trophic levels between 
males and females. She offers two explanations to why this might be and these are 1) that 
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the females ate more freshwater fish than the males, and/or 2) the females ate larger 
quantities of meat from animals that were still affected of lactation. She also draws the 
conclusion that the females might have moved to Bjärby for marriage, to form families 
(Schoultz 2006). From the Mediterranean area an isotope study of the Christians buried at 
the St Callixtus catacombs has been preformed. The result showed that the diet had been 
simple and that the intake of freshwater fish was not based on religion. They conclude that 
the reason for the freshwater fish intake was based on wealth or rather the lack of that 
(Rutgers et al. 2009:1133). Another study from almost the same area is one done on a 
cemetery at Isola Sacra. This study explains that during the Roman period fish was an 
expensive food item and should only have been eaten by the elite. Instead they suggest 
that the most common foodstuff was cereals (70-75 per cent of the food-intake consisted 
of this). The most common meat was pork and sheep/goat. Sheep/goat could have made 
up to one fourth or even one third of the Roman diet. Beef though was mostly popular in 
the Roman army and not among the people of Rome (Prowse et al. 2004:261).  
 
Isaksson (2000) discusses the knowledge of food-culture in Early Medieval Svealand, 
Sweden, with focus on the social elite (Isaksson 2000:7). One of his results shows that 
there is a difference in pottery use at cemeteries and pottery use at settlements. The results 
show that in cemetery contexts the pottery contains more meat products than the pottery at 
the settlements (Isaksson 2000:57).  
 
According to the Edda poem Rigsþula there are no differences between the social classes. 
In the poem the God Rig is served meat and bread in three different versions by the 
different classes (Sturluson, translated by Thall 1995). When using literature such as 
Eddan, one has to be aware of the problems with this kind of literature. The sagas and 
eposes were written a long time after the events they tell about occurred and therefore 
there may be faults and changes. There is also the problem that they were written by 
Christians about non-Christians and some Christian values are likely to sneak into these 
texts. Although these are later periods in prehistory they are worth mentioning as 
references or for comparison. 
 
The knowledge of Medieval diets come from many separate sources, such as historic 
recepies from Medieval times, feasts, fasts and from natural science knowledge like 
animal-remains and pollen-diagrams (Iregren et al 2000:179 reference cited therein). 
During the Medieval time the population increased and towns were formed, which lead to 
an increased food-consumption that segregated the rich and poor. The poor had to live to 
an even greater extent on vegetables, fish and similar food, but the rich could still 
consume meat-products in the same or in a larger scale than before (Montanari 
1999:247pp, Riela-Meris 1999:258 and Lagerqvist & Åberg 2004:21). In studies in 
England on Medieval diet, they concluded with the help of written sources, archaeological 
finds and natural scientific studies, that pigs were an important source of food because of 
the meat and the lard the animal provided. In peasant families pig was usually consumed 
in a preserved form whereas in rich families the animal was consumed fresh (Albarella 
2006:72, 86). The most common meat though came from cattle which did not only 
provide meat but also dairy products. This kind of food became the most valuable protein 
during the Medieval period. Among the richer classes meat-products usually came from 
younger animals (Woolgar 2006:100p).  
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Fish is a very interesting group in Medieval diet because not only did the church go out 
with restrictions against eating meat, they also told the people that eating fish was more 
like the food served in paradise (Hudson & Gradon 1983:194p). Fish is a light dish that 
suited perfectly for the fasting periods. Fish was also a cheaper alternative to meat, 
because fish could be easier obtained in lake-areas. Fishing may not have cost anything 
for most people (Serjeantson & Woolgar 2006:102pp). Even-though there are sermons 
and other decrees from the church, it is not likely to draw the conclusion that this was the 
main reason for the fish-intake during the Medieval period (Serjeantson & Woolgar 
2006:130). Birds were also permitted by the church as a lighter meal in contrast to 
mammals with four legs (Harvey 1993:39). Archaeological remains of English bird-bones 
are found more often in castles, manorial sites and houses affiliated with the church and 
religion, but all of these birds may not have been used for food since many of them show 
no marks of butchery or other preparations associated with food (Serjeantson 
2006:131pp). Chicken was food for all classes since they were easy to handle and cheap to 
keep (Serjeantson 2006:147). Archaeological fish-remains cannot tell us about the 
peasants eating habits when it comes to specific food-intake, (Serjeantson & Woolgar 
2006:102) but isotope analyses from some Medieval sites in England show that during 
fasting periods, peasants chose dairy products before fish or poultry (Dyer 1998:157p). 
Müldner and Richards point out that there are too few isotopic results to give any concrete 
conclusions about the Medieval diet but that their results from their study is a step in the 
right direction (Müldner & Richards 2006:235).     
 
There have also been studies performed on Swedish Medieval diets. Iregren et al. (2000) 
studied the diet of the Medieval cemetery of Westerhus, Jämtland. Results from this study 
show that the individuals buried at Westerhus lived on a diet primarily consisting of 
terrestrial protein and with vegetables and cereals as complements (Iregren et al. 
2000:196). A study by Linderholm et al. regarding the early Christian cemetery at 
Björned, Ångermanland, indicate that the buried population had a more marine based diet 
in early years, and that this diet then changed to a more terrestrial based diet when 
becoming adults. The study also shows that there had not been any large change in diet in 
Björned over 300 years (Linderholm et al. 2008:185p). In a graduate thesis on stable 
isotopes by Lindkvist (2007) the diet between three different church-cemeteries in 
Medieval Visby, Gotland was studied. The results show that there were no significant 
differences between the three cemeteries although there were differences in origin of the 
populations buried. St Mikael cemetery had a more mixed clientele of rich and poor, St 
Hans cemetery had more Hansan Germans and the St: a Gertrude cemetery had belonged 
to a monastery (Lindkvist 2007).  
 
3. Archaeological background 

 
3.1 Roman Iron Age  
The Roman Iron Age period dates from year 0 to approximately 375-400 AD (Browall 
2003:87). The name derives from the contacts with the upcoming Roman Empire. Trading 
between Romans and Germanic tribes becomes more elaborated over the Roman border, 
called limes (Andersson & Herschend 1999:32). The finds from the period show large 
exchanges between the Roman Empire and southern Scandinavia, especially with what is 
today Denmark. The imported material during the earlier part of the Roman Iron Age is 
more concentrated to commerce and the late part of the period more on wars and such. 
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The trading has mostly been interpreted as taking place between Roman salesmen and the 
elite-personalities of south Scandinavia (Kaliff & Sundqvist 2004:24). 
 

    
Figure 2 Map over middle Sweden and above more focused to the Alvastra area with Smörkullen marked. 
The larger square represents the area around Alvastra and the smaller square represents the area for RAÄ 
89, the settlement between Skrukeby and Hulje (Maps from digitala kartbiblioteket)  
©Lantmäteriet Gävle 2009. Medgivande I 2008/1957. 
 
The period also provides new types of living conditions. Instead of living in large 
separated households, now farms and even villages were formed. One settlement, from the 
same province as Smörkullen, that can be used as a good example is the excavated area 
RAÄ 89 between Skrukeby and Hulje, Östergötland (figure 2). The area consists of two 
three-aisled houses that are circa 20 metres long and 7.5 metres wide. They are divided 
into a living-area and an economy-area. The economy area is also where the stables were 
situated. The two houses were radiocarbon dated to the early part of Roman Iron Age. 
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These houses may have been used at the same time and are interpreted as the main 
buildings for two farms, centred with the remaining economy-buildings placed around the 
main buildings (Carlsson et al.1997:22pp).   
 
Another change is that new burial traditions appear during the first centuries AD. Instead 
of cremations, inhumations start appearing side by side with the cremation burials. The 
most common type of burial is the unmarked grave and besides these it is the graves 
marked with large stones or graves with somewhat regular stones in patterns (Fernholm 
1982:56). Another grave type is the weapon grave. In Östergötland there are over one-
hundred known weapon graves dated to the pre Roman Iron Age and Roman Iron Age 
(Niklasson 1997:29pp). Stenberger assess that this new-old way of burials derive from the 
Celts and that Germanic tribes in the continent spread this tradition to the south of 
Scandinavia where it later spread to the middle of Sweden (Stenberger 1979:362). In 1996 
in the lake Mälar region cremated burials represent as much as 70 per cent of the material 
(Wikborg 1996:38).  
 
Hedeager (1992) discusses Roman Iron Age societies, in a study based on the positioning 
of the graves and the layout that show that a new elite appears during the late Roman Iron 
Age. Kaliff means that this new phenomenon, with the weapon-graves, is already an 
indicator for the new elite and that the weapon-graves and the changing system of living-
arrangements and other factors indicate a new power structure, perhaps even formed like 
the Medieval systems with vassals. These new graves are always inhumations and 
positioned, not on large cemeteries but on more private cemeteries or by themselves 
(Kaliff 1999:90pp). These new graves also contain large amounts of imported goods from 
the Roman Empire. During the early Roman Iron Age cremated and inhumation graves 
lies side by side in large cemeteries and do not contain the same amount imported goods 
and are not or as rich as the inhumation graves during the late period (Hedeager 1992:80, 
139, 146 and 151). Overall the grave-gifts during the beginning of Roman Iron Age and 
especially grave-gifts in cemeteries in Öland, in Östergötland and in Västergötland show 
items with connections to leather work. In these areas there are also many items in graves 
that are imported from the Roman Empire which lead Hagberg to the conclusion that these 
items for leather are connected with trade since the Roman army used large quantities of 
leather (Hagberg 1967:115pp, Hagberg 1967C:115 and 125, Petré 1981, Kaliff 1999:81).  
 
3.2 Alvastra - a much explored area 
When you speak of Alvastra most people think of the monastery or the Neolithic pile 
dwelling. Although important there is much more to Alvastra than these two ancient 
monuments, there are remains from every archaeological period. This chapter will shortly 
point out some important moments in the Alvastra history. 
 
The first find that emanate from the Stone Age was discovered in 1895. It was a harpoon, 
likely not placed there intentionally (Browall 2003:22). The first indicators of building 
activity in the area dates to circa 8000 BC. At 6000 BC the shoreline was 95 meters above 
today’s sea level. At this time burials starts to appear. The so-called “Alvastramannen” is 
radiocarbon dated to about 6300 BC. This skeleton was found in a megalithic tomb from 
the Neolithic. This means that the man was about 3000 years older than the tomb. Isotopic 
analyses have been performed on the “Alvastramannen”, and the δ13C shows that this 
person basically lived on terrestrial food sources (Browall 2003:24pp and 28). The Funnel 
Beaker Culture is well represented in the Alvastra area compatable to Skåne and Denmark 
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(Browall 2003:34p). In the Alvastra pile dwelling, built approximately 3100 BC, the 
Pitted Ware Culture is well represented (Browall 2003:42p). Whereas there are only some 
smaller finds found from the Battle Axe Culture. There are few finds overall from the late 
Neolithic period, most of the finds from late Neolithic are in the area around Ödeshög 
(Browall 2003:62 and 65). All six Bronze Age periods are represented in the Alvastra area 
and about 50 meters north of the pile dwelling an axe of antler from the Bronze Age has 
been found (Browall 2003:60 and 69). 
    
3.3 Smörkullen- the forgotten area in Alvastra 
The name Smörkullen can be directly translated into “Butter hill” (figure 2). There are 
more places in Sweden and Denmark with the same or similar name and function. The 
name can with certainty be traced back to the 18th century, but it can be much older than 
that (Browall 2003:107p). 

 
Figure. 3 Map over the graves at Smörkullen (Borgström 1973). The legend is translated as follows from the 
top: 1. inhumation supine position known orientation, 2.  inhumation crouched position right known 
orientation, 3. inhumation crouched position left known orientation, 4. inhumation supine position unknown 
orientation, 5. inhumation unknown position of the head, 6. cremation, 7. fire-pit, 8. grave with urn, 9. 
erected stone, 10. well, 11. other structure, 12. property border, 13. earlier border and fence, 14. sand pit 
edge, 15. border for the excavated area, 16. current border and fence, 17. railway track closed in 1958 and 
18. closer knowledge about location unknown. 
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Smörkullen as a cemetery was used from approximately 150 BC to 260 AD but there are 
also finds from earlier dates in the field, such as axes from the Mesolithic and one axe 
from the Battle Axe Culture (Browall 2003:27, 61, 63 and 97). There are also indications 
that the footbridge of the pile dwelling landed on the cemetery’s outer exterior. Another 
interesting fact is that there was a skeleton found inside the pile dwelling construction that 
could be dated to 25 AD, which is within the time of use of the cemetery (Browall 2003: 
46 and 60).  
 
 
Table. 1 Table over the excavators and years  
(after Borgström 1973).  

As mentioned above the cemetery 
was used from late Pre Roman 
Iron Age (150 BC) to Roman Iron 
Age (260 AD). Arne (1903) 
estimated the graves to 600, 
although not all could be restored 
because of human interference 
when extracting sand from the 
ridge. Between the years 1900 to 
1922, 280 graves and 42 other 
structures were found (table 1, 
figures 3 and 4). On the cemetery 
both cremation and inhumation 
graves were found. Seventeen of 
the cremated graves have been 
dated to Roman Iron Age. There 

are 178 inhumation burials with 198 skeletons found that could be dated to the Roman 
Iron Age. Ten more skeletons have been found in between excavations. The skeletons 
were found laying on their back with their heads in a north or north-east direction about 
one metre below the ground, the children were buried a little bit shallower than the adults. 
However there are some exceptions to the supine position burials, 17 skeletons were 
found on their side in a crouched position and others were buried with their heads directed 
to the south or the west (Arne 1903:2p, Browall 2003:92 and 96pp). The inhumations 
usually contained stone-constructions or stones that covered the individual (Arne 
1903:2p). 

Excavation year: Excavation leader: 
1900 O. Almgren 
1901-1904 T. J. Arne 
1906 T. J. Arne 
1907 B. Schnittger 
1909 O. Frödin 
1910 O. Frödin, T. J. Arne 
1911 B. Schnittger 
1912 S. Lindqvist 
1913 Unknown, likely B. Schnittger 
1914 Unknown 
1915 E. Sörling 
1917 A. Enqvist 
1922 E. Sörling 



 
 
 
 

13 

 
Figure. 4 Map showing the different areas of excavations with the years of the excavations marked 
(Borgström 1973). 
 
Both men and women of all ages were buried at Smörkullen. Among the first osteological 
determined skeletons there were 45 children or young adults, 10 females and 14 males. 
This makes a total of 69 sex and age determined skeletons. The children are evenly 
distributed over the cemetery (Browall 2003:100). After 2003, 177 skeletons of the 
originally 198 have been submitted to a full osteological examination, performed by 
Carola Liebe-Harkort. Out of these new results there are 46 males, 40 females, 15 
indeterminate adults and 68 children/young adults (Liebe-Harkort personal 
communication May 2009). 
 
The preservation conditions on the cemetery are very good. This is indicated by finds of 
textiles, thread and parts of wood. The grave gifts are rich and circa 40 per cent of the 
inhumation burials contain grave gifts. Some of the items are keys, case fittings, pearls, 
swords, parts of shields and much more. The richest burials have seven or more items. 
These are the weapon burials. There is one burial that has been plundered but still 
contained game pieces of glass, skeletal parts from goose, horse, pig, dog and much more. 
Totally there have been 215 items found in 30 different item categories (Browall 
2003:101pp). 
 
Four crania show indications of trepanation (figures 5 and 6). Two are women and two are 
men. In the forthcoming work by Liebe-Harkort, she show that there are more than four 
individuals that show indications for trepanation, but she also registers a reservation that 
there might be some other reasons than trepanation to why these individuals show these 
injuries (Liebe-Harkort personal communication April 2009). There are difficulties to 
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determine trepanation because injuries originating from trepanation may also be marks 
from illnesses like tuberculosis, syphilis, myelomas and 
more (Buchan 2006:35). Trepanation is a surgical 
operation. The operation is meant to open up the skull to 
treat injuries on the human brain (Berg 1893:33). The 
first trepanations where interpreted as drinking-vessels 
(Hanssen 1889:170p). At a conference in Budapest in 
1876, Borca presented a hypothesis that trepanation 
during the Neolithic era was performed as a surgical 
incision and mostly on children, although newer research 
suggests that trepanations on children was unusual. In an 
article from 1893, Berg uses examples mostly from the 
Stone Age but also one example from the Bronze Age 
and one example from the Iron Age (Berg 1893:34,  

Figure 5 Picture of trepanned             Buchan 2006:38), 
individual 11180:17 from                       but this show that 
Smörkullen (Photo Liebe- Harkort       the trepanations 
and Lindberg).                                 were most 
                                                     common during 
the Stone Age period (Berg 1893). There are 
individuals who have survived trepanations. 
This is seen on the healing process of the skull. 
Sometimes it is not clear why the surgery was 
performed but it may have been because of internal 
pain in the brain area (Berg 1893:37).The tool that 
may have been used when performing trepanation is 
a small saw or something similar to a saw or an awl 
or an awl-like object (Berg 1893:35 and 39). The        Figure 6 Close-up of the trepanation 
most usual method was scraping of the skull, since     of individual11180:17 (Photo Liebe-    
this gave a lower risk of damaging the brain during     Harkort and Lindberg).   
the procedure (Buchan 2006:30). The healing of the     
Smörkullen trepanned skulls shows that the individuals have survived and lived for 
months or even years after the trepanation. The four trepanned individuals were placed 
close together in the central area of the cemetery. The furthest distance is 30 metres, 
which indicate that the individuals most likely were buried in close connections to each 
other. This and the technique of the surgery could indicate that the same surgeon 
performed the operation (Arne 1903:3p, Borgström 1973:24, Browall 2003:100p). 
                        
Some of the inhumation burials have been radiocarbon dated. These show a continuous 
use of the cemetery. Three skeletons are dated to 0-70AD, ten to 70-160AD and five to 
160-260AD (Browall 2003:105). 
 
Of the other 42 structures that were found there were hearths and particularly one large 
hearth that may have been used for cremation. The hearths could indicate that food and 
offering was part of the burial ritual. There was also a house foundation on the cemetery 
as well as a four metres deep well (Browall 2003:106p). 
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There are many cemeteries in the area so one could think that Smörkullen was a local 
cemetery. However, the number of inhumation burials and the house, which could be 
some kind of a cult house, could suggest that this cemetery had a special meaning 
(Browall 2003:106p). There is one other cemetery in Östergötland that show similarity 
with Smörkullen and that is RAÄ 14 in Högby parish. The similarities are within the 
grave design and the grave-gifts that have similar combinations (Helander and Zetterlund 
1992:23p). In an interpretation based on the grave-gifts, Arne (1903) means that there has 
been contact between the “Smörkullen people” and people in western Östergötland, 
Gotland, Öland, Bornholm and areas along the southern coast of the Baltic sea during the 
Roman Iron Age (Arne 1903:11). According to Kaliff (1999:87) Smörkullen is 
exceptional and one of a kind when it comes to cemeteries in Östergötland, although there 
are some similarities with other cemeteries they are only similar on one or a few points. 
    
3.4 Bone chemistry studies at Alvastra  
One study has already been mentioned above (chap. 3.2) and it is the one on the Stone 
Age man called “Alvastramannen”, that showed that he had eaten mostly land based food 
(Browall 2003:25p and 28). There has also been a study on the skeletal material found 
within the pile dwelling. The result was published by Sælebakke and Welinder in 
Fornvännen (1988). They used Sr/Ca and δ13C and their conclusion was that the three 
individuals analysed had a diet based on terrestrial protein and plant intake. They believe 
that 25 per cent of the food intake was based on eating meat and that 75 per cent of the 
food consisted of plants and seeds (Sælebakke & Welinder 1988). 

 
4. Method 
 
Using stables isotopes is not only useful in dietary studies. The method has also been used 
for studies in fields such as, chronological determinations, the process of fossilization, 
climates and environments in pre-history (Price 1989:1). By doing stable isotope analyses 
archaeologists can come closer to the prehistoric diet outside the finds themselves and 
outside ceramic analyses (Lidén 2005:238pp). The isotopes can tell us about prehistoric 
diets not only from one period in an individual’s life, but during several periods, which is 
more discussed below. The isotopes also give direct information about the diet of 
individuals unlike other methods that only give information about what kind of food that 
was available at certain places. 

 
4.1 Bones and teeth  
4.1.1 Bones 
A human body consists of more than 200 bones. These bones are divided into three major 
groups based on their shapes. The groups are long bones, flat bones and irregular bones 
(Mays 1998:1). The largest bone in the body is femur (the thigh bone). 
 
The first classification, of bone that needs to be done before stable isotope analyses, is 
made between the organic part of the bone (collagen) and the mineral part (apatite) (Price 
1989:4). Approximately 70 per cent of the bone is made up by minerals, and the rest 30 
per cent is organic. The mineral part of bone is mostly hydroxyapatite, the chemical 
formula for hydroxyapatite is Ca10(PO4)6(OH)2. The organic part of the bone is mostly 
collagen. Collagen is a protein that forms long fibres. The mineral and organic parts work 
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together to make the bones functional. The minerals give the bones rigidity and the 
organics its strength (Mays 1998:1). 
 
A large bone might be better to use for collagen extraction because it has a larger chance 
of being preserved and there is a better chance to extract enough collagen from the larger 
bones because of the size of the bone. The larger bones also have a more compact 
construction that serves them well for preservation and not be contaminated (Eriksson 
2003:13).  

 
4.1.2 Teeth 

Each individual has two different sets of 
teeth, the deciduous dentition and the 
permanent. The mouth is divided into the 
upper jaw and the lower jaw and an 
individual’s mouth is separated into four 
quadrants (upper left, upper right, lower left 
and lower right). Each permanent dentition 
quadrant contains two incisors, one canine, 
two premolars and two or three molars, 
where the third is the so called wisdom-
tooth. The names of the teeth are based on 
their position in the jaw. The first of teeth is 
the deciduous dentition, they are also called 
milk teeth. These      will be shed to make 
room for the permanent dentition. The 
permanent dentition is the teeth that are 

Figure 7 Picture of mandible with the teeth used          supposed to last from its formation until 
and drilled during analyses (Lindberg).                        the individual dies (Hillson 1996:6p). 
                                                                         Each tooth consists of several morphological 
characters but is first and foremost divided into crown and root, but also into different 
tissues, dentine, cement and enamel (figure 8) (Hillson 1996:8pp). These three are hard 
tissues and do not have or need any blood supply. Once the tooth is formed it cannot 
reshape or self heal injuries or diseases to any greater extent (Mays 1998:10p). 
Approximately 75 per cent of the dentine is inorganic, mainly hydroxyapatite, whereas the 
other 25 per cent is mainly collagen. Dentine is living tissue but still hard and has a cell 
structure and the same goes for cement, though cement does not always show a cell 
structure. When it comes to enamel there are almost no organic components. Most of the 
enamel content is hydroxyapatite. The enamel does not have a cell structure and is a dead 
tissue (Mays 1998:10p). 
 
Because teeth are fixed from its formation they are a valuable source of information when 
it comes to isotopic analyses. The tooth you extract from will tell you the “diet” from                               
that time of a person’s life. For example, if you extract dentine from the tooth M1 you will 
hopefully get the results of the person’s diet intake from the age around three or four, 
because that is when the M1 crown is completed. The root of the M1 is usually completed 
around the age of nine to twelve. The other molars can also tell the diet from the time of 
their formation and these time intervals are for M2 around the age of seven for the crown, 
and the root sometime after the age of twelve. For the M3 tooth the crown is formed 
around the age of seven to thirteen, the large variation is due to the very individual and 
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where the tooth formation starts to form differently for every separate individual (figure 
7). The root is formed sometime around the ages of seventeen to somewhere in an 
individuals early twenties (Hillson 1996:125). The samples of collagen derived from the 
dentine part of the teeth with a starting-point at the cervix (figure 8) and then drilled up in 
the crown area. 

 
 

 
 
4.2 The isotopes 
A chemical element can consist of 
several different isotopes i.e. 
atoms with a different mass. These 
isotopes have the same numbers of 
electrons and protons but differ in 
the number of neutrons. An 
isotope can be either stable or 
radioactive. Radioactive isotopes 
decay over time and are therefore 
good for dating. A radioactive 

Figure 8 A tooth construction with a mark where                             isotope is for example 14C. Stable 
samples for analyse has been drilled (after Hillson 1996:120).      isotopes do not decay and do not                                 
                                                                                         change over time. Many elements 
have two or more isotopes. Isotopes that are used for dietary studies in archaeology are 
carbon, nitrogen, sulphur, oxygen, hydrogen and strontium (Schoeninger and Moore 
1992). To calculate the isotope value the two stable isotope values are measured against 
each other and then compared to a standard (Lidén 1995:18).  
 
When performing dietary studies with stable isotopes, bone and teeth material gives 
different information. In dietary reconstructions teeth provides us with information about 
the individual diet from the time the tooth was formed and the bones provide information 
on the diet from the individuals last 10-15 years (Mays 1998:184, Lidén 2005:240). 
  
4.2.1 Carbon 
Carbon has three isotopes, carbon 12, carbon 13 and carbon 14, written chemically 12C, 
13C and 14C. Whereas 14C is radioactive and is used for dating, 12C and 13C are stable and 
used in dietary studies. The information carbon gives is if the diet has been terrestrial or 
marine, or from plants with different photosynthesis paths (Lidén 1995:17, Pollard and 
Heron 1996:357). 
 
Plants can be divided into three different groups depending on their photosynthesis C3, C4 
and CAM. C4 and CAM are plants that generally grow in warmer climates than in 
Scandinavia, and will therefore be disregarded in this thesis. The standard ratio for carbon 
is taken from a mineral called Pee Dee Belemnite (PDB). Because the PDB has a higher 
value than organic materials, organic materials will therefore show negative values (Lidén 
1995:16, Mays 1998:183).  
 
In order to determine the end value for different environments it is necessary to include 
faunal references from different environments. If an individual has lived of only marine 
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food in the Baltic sea area the results should be around –14 to -15‰. If the person has 
lived solely on terrestrial diet in the same area the values should be around –20 to –22‰ 
(Lidén and Nelson 1994:16pp). 
 
Marine carbon derives from dissolved bicarbonate, which has a higher value than carbon 
in the atmosphere. This is why marine based food has a higher δ13C value. Terrestrial food 
chains derive their carbon from the atmosphere. Important to know is that because of 
environmental change since the industrial revolution, mostly because the burning of fossil 
fuels, the carbon in the atmosphere is about 1.5‰ more negative, after the industrial 
revolution. This means that in analyses of modern carbon one has to add 1.5‰ to the 
“actual” result (Mays 1998:183). 
  
4.2.2 Nitrogen 
Nitrogen has two isotopes. Both of them are stable and are named nitrogen 14 and 
nitrogen 15 (14N and 15N). The nitrogen standard value comes from air. The standard is 
0‰ which gives positive values most of the time in analyses since most living organisms 
have nitrogen values higher than 0. A nitrogen isotope analyses of bone or tooth will 
hopefully give answers on where in the food chain the individual/subject has been eating 
(Eriksson 2003:12p). 

 
4.2.3 Sulphur 
Sulphur has four stable isotopes, sulphur 32, sulphur 33, sulphur 34 and sulphur 36 (32S, 
33S, 34S and 36S) and these have been used in geochemistry for circa 50 years. In 
hydrology and the preservation of the environment sulphur isotopes have given answers to 
important questions (Han et al 2002:177, Ono et al 2006:1170). Sulphur isotopes started 
to be used in archaeology only about 15 years ago. One reason, for this late introduction is 
because the analyse needed a great deal of material. Thanks to new technology the need 
for collagen is not so demanding any more. Today circa 10 milligrams of collagen is more 
than enough for sulphur analyses (Richards et al 2003:37 and 39), but in reality only 3-5 
milligrams is needed to give a sufficient result. 
 
Sulphur has different values in terrestrial and marine environments. In ocean 
environments δ34S has a value of 20‰ and in water overall between 4‰ and 40‰. On 
land the values differ between +7‰ and –7‰ in magmatic rocks. In sedimentary rocks 
the value is between +50‰ to –45‰ (Richards et al. 2003:37pp). 
     
The purpose of using sulphur is to see if an individual or animal has moved. If the 
material and references are good a person’s migration pattern can be identified. This is 
because the trophic-level effect is marginal in sulphur and therefore reflects the skeletons 
local geological conditions. Sulphur isotopes are best to use in combination with carbon 
and nitrogen isotopes. It is also important that the reference material (animal bones) is 
local and contemporary with the skeleton material because of the small marginal’s and 
because of pollution (Richards et al. 2003:39, Fornander et al. 2008:285). 
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4.3 Collagen extraction and mass spectrometer analysis 
There are several methods to extract collagen and analyse stable isotopes. The method 
used at the Archaeological Research Laboratory at the Stockholm University will follow 
(Brown et al. 1988). There are several steps in the method and some of the steps will be 
accorded for here. 
1. Drill the bone and dentine (see figure 8 for example on where on the tooth the drilling 

takes place). 
2. Put the bone- and dentine-powder in 0.25M HCl for two days to demineralise. This 

will make the inorganic part dissolve. 
3. Wash the organic part with deionised water. 
4. Filter and clean the solution and put it in 0.01M HCl for 16 hours in 58ºC. This will 

solve the collagen. 
5. Pour the solution into an ultra-filter and centrifuge. The molecules that have a weight 

over 30kD (kilo Dalton) will be preserved and the rest will be removed. 
6. The remaining solution will now be frozen. 
7. Then the frozen collagen will be freeze-dried and weighed. 
8. The collagen will be weighed into tin capsules and for sulphur be mixed with 

vanadiumoxid. 
9. The samples burn in the element combustor and then go through the mass 

spectrometer. The elemental analyser combust the sample. The gas is ionised with the 
help of an electron beam. The gas passes a magnetic field and is sorted according to 
mass and size. 

10. The mass spectrometer results is put together and diverted into diagrams and tables. 
 
When performing stable isotopic analyses for carbon, nitrogen and sulphur you need a 
bone sample of at least 2 grams to start with. This number differs a bit depending on 
which isotope that is extracted (Brown et al 1988 steps 1 to 7, Lidén 1995:18, Pollard & 
Heron 1996:61pp and Mays 1998:182).     
  
4.4 Problems with stable isotope analyses 
There are a few problems with the stable isotope analyses method. The most primary is 
the risk of contamination. To avoid this one needs to be very careful and wear gloves at all 
time. Another thing to do is to always keep the workstation clean to avoid interference 
from other samples. One other large problem is the material. Bone material that is not 
cremated usually does not preserve well in the earth and cremated bones cannot be 
analysed because collagen does not endure in the heat (Lidén 1995:19). There is also an 
issue with the problems including available bones. Using bones from one side is preferred. 
But in some cases that is not a possibility and you have to use samples from the other side 
which might be a source of error. 
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5. The material 
 
All material has been identified to species, and humans also to sex, age and pathologies, 
by Carola Liebe-Harkort (personal communication May 2009). When determining the 
individuals biological age, she used the age-intervals developed by Sjøvold (1978). 
 
5.1 Animal remains 
Of 29 animal samples, 22 were selected for collagen extraction. The material consists of 
bones from horses, cattle, pig, dog, sheep/goat, cat, goose, chicken and mustelid. Teeth of 
animals are represented by cattle, dog and horses. 
 
5.2 Human remains 
The human material consists of 35 individuals of different sex and age (table 3). There are 
sixteen females, sixteen males and three indeterminate adults, because of their young age. 
One of the females is uncertain but will be included in the female group anyway. 
 
5.3 The groups 
The human material has been divided into different groups which are as follows, sex, 
female and male, age, young adults, adults and seniors, status, high status graves and low 
status graves and trepanned individuals (table 3). Some individuals have been placed in 
several groups. The trepanned individuals are based on results from Liebe-Harkort, which 
in this case correlates with the original reports (Liebe-Harkort personal communication 
April 2009). The group of high status graves include graves with four or more than four 

                                                                                                                                                               grave-gifts, 
Table 2. Grave-gifts distribution in high status graves.                                                                such as the 

one 
weapon-
grave, two 
graves with 
fibulas, one 
with a 
sickle and a 
stud and 
one with a 

belt buckle (table 2). There are generally few grave-gifts in the graves included in this 
study. Some of the other items include pins, knifes and needles (Borgström 1973:11pp). 
Most part of the graves in this study have no grave-gifts and they form the low status 
grave group. I will here assume that they are of a lower social status and let the results 
give me right or wrong. The remaining graves have either one up to three grave-gifts or no 
record about the status of grave-gifts at all. These graves will not be included in the 
comparison of high status graves and low status graves. The three age-groups are divided 
as follows, young adults (15-19), adults (18-44) and seniors (35-79). There is a problem 
with the age groups when it comes to that some of the ages belong to several groups, but 
for this analysis the age groups are determined by Liebe-Harkort following Sjøvold 
(1978). 
 
 

Inventory no: Grave-gifts: 
11180:15 1 belt buckle, 1 crum knife, 1 needle and 1 awl 
11180:17 1 fibula, 1 crum knife, 1 iron rod and resin-residues 
11180:52 1 sickle, 1 stud, iron-fragment and a ceramic vessel  
11746:95 1 belt buckle, 1 sword, 1 shield, 1 knife and organic 

material 
12273:157 1 fibula, 1 whetstone, 1 fitting och organic material 
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Table 3 The individuals inventory number (individual number), which groups they belong to. M= Male, F= 
Female, I= Indeterminate adults, YA= Young adult (15-19), A= Adult (18-44), S= Seniors (35-79), H= High 
status graves, L= Low status graves and T= Trepanned individuals and skeletal elements analysed. 
 
Inv. No: Ind. no: Sex: Age: T: H/L: Skeletal Element 

analysed: 
13132: VI M S, 35-64   Femur, M3 
13132: IX M A, 18-44   Mandible, M2 
13132: XI M S, 35-64   Mandible, M1, M2 
11180: 2 M S, 35-64  L Femur 
11180: 3 M S, 35-64 T L Humerus, Mandible 
11180: 9 F YA, 17-19   Mandible, M1, M2 
11180: 10 M S, 35-64  L Femur, M3 
11180: 15 F S, 35-64  H Mandible, M2, M3 
11180: 17 F S, 35-64 T H Femur 
11484: 52 F S, 35-64  H Humerus 
11484: 62 F A, 18-44  L Mandible, M2 
11484: 92 M S, 35-64  L Mandible, M1, M2 
11746: 95 M S, 50-79  H Femur, M3 
11746: 109 M A, 18-44 T  Humerus 
11746: 115 I YA, 15-18  L Humerus 
11746: 121 F A, 18-44  L Mandible, M2, M3 
11746: 122 M A, 18-44   Mandible, M2 
11746: 135 M A, 35-64  L Humerus 
12273: 157 F A, 18-44  H Mandible, M2 
12273: 159 I A, 18-44   Mandible, M2, M3 
12273: 163 M A, 18-44  L Humerus, M2 
12273: 173 F A, 18-44  L Mandible, M2 
12273: 190 F A, 18-44  L Mandible, M1 
14273  F S, 50-79   Femur 
14273: 1 M A, 18-44 T  Mandible, M2, M3 
14273: 2 M S, 35-64   Mandible, M2, M3 
14273: 3 I YA, 16-17  L Mandible, M2, M3 
14273: 4 M S, 50-79   Mandible, M2 
14429: 4b F S, 35-64   Humerus 
14801: 16a F S, 35-64   Mandible, M1 
15464: 1 F S, 35-64   Mandible 
15464: 3 F? S, 35-64   Mandible, M1, M2 
15464: 7 F S, 35-64  L Mandible, M2 
15464: 11 M S, 35-64  L Femur, M1, M2 
16867  F S, 18-44  L Mandible, M2, M3 
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6. Results 
 
For stable carbon and nitrogen isotope analysis the samples were combusted using a PDZ 
Europa ANCA-GSL elemental analyzer interfaced to a PDZ Europa 20-20 isotope ratio 
mass spectrometer at the UC Davis Stable Isotope Facility, University of California. 
Measurement error determined from replicate analysis of internal laboratory standards 
was 0.04‰ for δ13C and 0.2‰ for δ15N. For stable sulphur isotope analysis the samples  
were combusted with a Carlo Erba NC2500 analyser connected via a split interface to 
reduce the gas volume to a Finnigan MAT Delta+ mass spectrometer at the Department of 
Geology and Geochemistry, Stockholm University. From these measurements the 
reproducibility was calculated to be better than 0.2‰ for δ34S. 
 
There are some quality criteria for the collagen extraction and analysis of stable isotopes 
that needs to take into consideration. First there is the ocular assessment and then there is 
the collagen yield equal to at least one per cent. For a good quality, the carbon should fall 
between 35 to 43 per cent, nitrogen should be circa 11 to 16 per cent and sulphur around 
0.19 and 0.60 per cent. There is also a criteria based on the ratio between carbon and 
nitrogen C/N and carbon and sulphur C/S. This is performed after the sample has been 
analysed and the ratio should fall in the ranges of 2.9-3.6 for C/N and 212-801 for C/S 
(DeNiro 1985, van Klinken 1999, Fornander et al. 2008:290p). 
 
6.1 Animal results 
The animal remains consisted of 22 bone- or teeth-elements. Out of these, 16 had 
sufficient amount of collagen for analyses. All of these could be analysed for carbon and 
nitrogen (figure 9). Twelve out of the sixteen samples also yielded enough collagen for 
sulphur analyses (figure 10). Among the animal remains many different bone-elements 
were analysed, but for each species the same kind of bone was used, for example the 
horses were all analysed from coxae sinister. This to eliminate the risk of testing the same 
animal twice. There were a few animals that did not yield enough collagen or collagen of 
good standard to be analysed (see table 4).  

 
The animal results range for carbon is from -22.6‰ (SMÖ025, cattle) to -20.4‰ 
(SMÖ013 and SMÖ016, dog and mustelid), nitrogen 4.5‰ (SMÖ006, horse) to 12.1‰ 
(SMÖ008, cat) and in sulphur -4.0‰ (SMÖ012, goose) to 9.5‰ (SMÖ024, cattle). 
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Figure 9 δ13C and δ15N chart for the analysed animal remains. 
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Figure 10 δ13C and δ34S chart for animals. 
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6.2 The human results 
Of the 35 individuals, each sample went through at least one extraction process (table 4). 
Some of the individuals had more skeletal elements and were extracted for collagen with 
more than one skeletal element. This resulted in 73 samples for analysis. Out of these 
almost everyone gave sufficient amount of collagen for a complete analysis. From the 
material only five samples did not yield good enough collagen or enough collagen for 
analyse. These are SMÖ030, bone from individual 12273:163, SMÖ059, M2 from 
individual 13132:IX, SMÖ068, bone from individual 12273:157, SMÖ086, bone from 
individual 14429:4b and SMÖ090, bone from individual 12273:159. The preservation of 
the human material on Smörkullen can be said to be very good but not as good when it 
comes to the animals’ bones preservation. Some of the bone-elements had to go through 
two extractions to give enough amount of collagen for both carbon, nitrogen and sulphur 
analyses. Forty-five samples contained enough collagen for sulphur analyses. This is more 
than 50% of the samples which can be interpreted as a very good preservation indicator. 
All samples that are used in this thesis fell within the acceptable C/N-ratio range of 2.9-
3.6 (deNiro 1985), which are all of the samples that went through the entire process.  

 
All of the results can be seen in tables 4 and 5. The results indicate a freshwater fish based 
diet, since there are low δ13C values combined with very high δ15N values (Eriksson et al. 
2003). 
 
 The carbon results for humans range from -21.7‰ to -20.0‰. Nitrogen range is 8.9‰ to 
13.7‰. The sulphur results range between 1.2‰ and 10.8‰. The mean value for carbon 
is -20.6‰ (s.d 0.3), for nitrogen 12.3‰ (s.d 0.9) and for sulphur 4.9‰ (s.d 1.8) (figure 11 
and 18). 
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Figure 11 Human and animal values in δ13C and δ15N, also mean value with standard deviation. 
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The males are a cohesive group. The range in carbon is -21.3‰ to -20.0‰, in nitrogen 
11‰ to 13.7‰ and in sulphur 2.9‰ to 8.1‰. Mean values are for carbon  
-20.5‰ (s.d 0.3), nitrogen 12.4‰ (s.d 0.8) and sulphur 4.5‰ (s.d 1.2). Females are a little 
bit more scattered. The range in carbon is -21.7‰ to -20.1‰, in nitrogen 8.9‰ to 13.3‰ 
and in sulphur 1.2‰ to 10.8‰. Mean values are for carbon -20.7‰ (s.d 0.3), nitrogen 
12.0‰ (s.d 1.0) and sulphur 5.5‰ (s.d 2.6). The indeterminate adults range in carbon 
from -20.7‰ to -20.2‰, in nitrogen 13.1‰ to 12.0‰ and in sulphur range is 4.9‰ to 
5.1‰. Mean values are for carbon -20.5‰ (s.d 0.2), nitrogen 12.9‰ (s.d 0.5) and sulphur 
5.0‰ (s.d 0.1). 
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Figure 12 Male, female and indeterminate adults δ13C and δ15N, with mean values and standard deviations 
plotted. 
 
The high status graves have a range in carbon from -21.1‰ to -20.6‰, in nitrogen 11.5‰ 
to 13.3‰ and in sulphur 4.5‰ to 6.0‰. Mean values are for carbon -20.8‰ (s.d 0.2), 
nitrogen 12.4‰ (s.d 0.7) and sulphur 4.9‰ (s.d 0.7). Low status graves result range for 
carbon from -21.7‰ to -20.3‰, in nitrogen 8.9‰ to 13.7‰ and in sulphur 2.9‰ to 
10.8‰. Mean values are for carbon -20.7‰ (s.d 0.4), nitrogen 12.1‰ (s.d 1.1) and 
sulphur 5.4‰ (s.d 2.0).  
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Table 4. Samples database. *The collagen yield was too low for further analyses. ** The collagen amount was too small for further analyses. 
***Unknown amount of bone powder. 

Lab no inv. no species 
Skeletal
element

Bone 
powder (mg)

collagen 
(mg)

collagen  
(%) δ13C (‰) δ15N (‰) % C % N C/N δ34S (‰) % S C/S 

SMÖ 001* 
11180:18 
Cairn Cattle- calf 

Milkteeth 
Pd 2 
Maxilla  32.3 0.2 0.7    

SMÖ 002* 
11180:18 
Cairn Pig Atlas 148.2 1.1 0.8    

SMÖ 003 
11180:18 
Cairn Dog Mt IV sin 81.3 5.8 7.2 -20.6 8.8 40.1 14.6 3.2 4.1 0.20 534.6 

SMÖ 004 
11180:18 
Cairn Sheep Mc 103.4 5.8 5.6 -20.8 9.4 36.8 13.4 3.2 3.8 0.19 517.3 

SMÖ 006 
11180:18 
Cairn Horse 

Tooth. 
Maxilla 
(over) 148.7 1.7 1.1    

SMÖ 007 11180:19 Sheep/Goat 
Mandible 
(under) dx 167.8 6.5 3.9 -20.8 9.4 40.1 14.5 3.2 2.8 0.20 535.3 

SMÖ 008 11180:19 Cat Femur dx 64.8 1.9 3.0    

SMÖ 010 
13132:IX 
Find 3 Horse- foal Ulna sin 125.5 1.1 0.9    

SMÖ 011* 
13132:IX 
Find 16 Dog 

M2 Maxilla 
(over) sin 53.0 0.2 0.4    

SMÖ 012 11180:18 Goose Humerus 108.4 5.6 5.2 -22.0 9.5 37.5 13.4 3.3 -4.0 0.27 371.2 
SMÖ 013 14273:1 Dog Ulna sin 127.3 6.5 5.1 -20.4 11.9 38.7 14.0 3.2 2.2 0.18 573.2 
SMÖ 015* 13132: (a) Hen Femur dx 96.9 0.1 0.1    
SMÖ 016 13132: (a) Mustelid Temporale 56.5 1.0 1.8 -20.4 8.4 38.3 12.7 3.5   

SMÖ 017* 14801:14 Cattle 

Tooth 
Maxilla 
(over) 61.4 0.2 0.3    

SMÖ 018* 14429:1 Sheep/Goat Kota 166.5 1.1 0.7    
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Table 4. Samples database. *The collagen yield was too low for further analyses. ** The collagen amount was too small for further analyses. 
***Unknown amount of bone powder. 

Lab no inv. no species 
Skeletal
element

Bone 
powder (mg)

collagen 
(mg)

collagen  
(%) δ13C (‰) δ15N (‰) % C % N C/N δ34S (‰) % S C/S 

SMÖ 020 11180 Cattle 
Calcaneus 
sin 178.5 8.5 4.7 -22.2 6.2 39.3 14.2 3.2 6.1 0.28 374.5 

SMÖ 021 11180 Cattle 
Calcaneus 
sin 187.9 13.8 7.4 -22.0 6.5 42.3 15.1 3.3 7.6 0.18 626.8 

SMÖ 024 11180 Cattle 
Calcaneus 
sin 118.7 4.3 3.6 -22.6 4.7 40.0 13.4 3.5 9.5 0.22 485.1 

SMÖ 025 11180 Pig 
Maxilla 
(over) dx 91.4 7.6 8.3  -3.4 0.38  

SMÖ 027 11180 Horse Coxae sin 198.9 12.3 6.2 -22.2 7.0 38.8 14.1 3.2 0.4 0.20 517.8 
SMÖ 028 11180 Horse Coxae sin 143.1 3.4 2.4 -22.4 4.6 40.4 13.9 3.4 7.3 0.20 539.6 
SMÖ 029 11180 Horse Coxae sin 138.6 6.2 4.4 -22.4 5.9 38.4 13.8 3.2 5.0 0.17 603.5 
SMÖ 030** 12273:163 Human Humerus x*** 0.1    
SMÖ 031 12273:163 Human M2 82.78+x*** 3.8  5.3 0.23  
SMÖ 032 11180:2 Human Femur 130.2 6.6 5.1 -20.4 13.3 42.4 15.4 3.2 4.7 0.22 514.4 
SMÖ 033 11180:3 Human Humerus 431.2 2.9 0.7 -20.7 11.8 25.8 8.6 3.5 5.5 0.22 312.6 

SMÖ 034 11180:3 Human Mandible 222.0 6.8 3.1 -20.8 12.0 41.0 14.5 3.3 4.6 0.21 521.5 
SMÖ 035 11180:10 Human Femur  142.8 10.5 7.4 -20.6 13.0 42.7 15.5 3.2 2.9 0.21 542.6 
SMÖ 036 11180:10 Human M3 147.7 9.2 6.2 -20.3 12.7 40.5 14.4 3.3 2.9 0.24 450.5 
SMÖ 037 11746:95 Human Femur 383.2 0.5 0.1    
SMÖ 038 11746:95 Human M3 201.2 9.1 4.5 -20.6 13.3 40.4 14.6 3.2 4.5 0.25 431.2 

SMÖ 039 11746:122 Human Mandible 109.9 2.4 2.2 -20.7 13.1 40.6 14.5 3.3   
SMÖ 040 11746:122 Human M2 105.4 1.7 1.6    
SMÖ 041 11746:135 Human Humerus 314.9 5.0 1.6  5.5 0.22  
SMÖ 042 11746:109 Human Humerus 360.6 0.6 0.2    

SMÖ 043 14273:2 Human Mandible 142.3 6.2 4.4 -20.3 11.3 41.7 15.2 3.2 4.9 0.20 556.0 
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Table 4. Samples database. *The collagen yield was too low for further analyses. ** The collagen amount was too small for further analyses. 
***Unknown amount of bone powder. 

Lab no inv. no species 
Skeletal
element

Bone 
powder (mg)

collagen 
(mg)

collagen  
(%) δ13C (‰) δ15N (‰) % C % N C/N δ34S (‰) % S C/S 

SMÖ 044 14273:2 Human M2 78.9 4.3 5.5 -20.4 12.0 40.9 14.9 3.2 5.1 0.24 454.7 
SMÖ 045 14273:2 Human M3 92.2 7.0 7.6 -20.0 11.0 41.3 15.1 3.2 4.6 0.24 459.7 

SMÖ 046 14273:4 Human Mandible 129.4 10.3 8.0 -20.7 13.0 41.0 14.6 3.3 4.6 0.22 497.1 
SMÖ 047 14273:4 Human M2 71.1 2.8 4.0 -20.5 12.5 37.4 13.4 3.3   

SMÖ 048 14273:1 Human Mandible 242.0 5.2 2.1 -20.4 12.7 40.6 14.4 3.3 4.0 0.22 492.9 
SMÖ 049 14273:1 Human M2 63.1 2.9 4.6 -20.1 13.4 40.3 14.7 3.2   
SMÖ 050 14273:1 Human M3 87.3 4.6 5.3 -20.4 13.5 40.3 14.6 3.2 3.7 0.23 467.1 
SMÖ 051 15464:11 Human Femur x*** 0.5 -20.3 12.0 35.3 12.4 3.3   
SMÖ 052 15464:11 Human M1 x*** 7.3 -20.4 11.7 41.9 15.3 3.2 1.6 0.25 447.1 

SMÖ 053 11484:92 Human Mandible 250.0 3.0 1.2 -21.3 12.8 35.0 11.5 3.6   
SMÖ 054 11484:92 Human M1 239.3 5.2 2.2  4.1 0.27  
SMÖ 055 11484:92 Human M2 159.6 6.2 3.9 -21.0 11.4 37.3 12.9 3.4 5.0 0.37 269.4 
SMÖ 056 13132:VI Human Femur 173.3 4.6 2.7 -20.8 11.5 40.5 14.6 3.2 8.1 0.23 469.7 
SMÖ 057 13132:VI Human M3 64.3 3.8 5.9 -20.7 11.9 41.0 14.9 3.2   

SMÖ 058 13132:IX Human Mandible 379.0 1.9 0.5    
SMÖ 059* 13132:IX Human M2 180.6 0.2 0.1    

SMÖ 060 13132:XI Human Mandible 131.84+x*** 10.5  4.6 0.27  
SMÖ 061 13132:XI Human M1 x*** 6.9 -20.5 12.8 41.5 14.9 3.2 4.6 0.28 395.3 
SMÖ 062 11180:17 Human Femur 341.1 4.2 1.2 -20.8 13.3 40.7 13.1 3.6 6.0 0.24 452.8 

SMÖ 063 11180:15 Human Mandible x*** 4.2 -20.8 12.1 36.3 12.7 3.3   
SMÖ 064 11180:15 Human M2 x*** 5.4 -20.7 12.4 41.2 15.0 3.2 4.5 0.25 439.9 
SMÖ 065 11484:52 Human Humerus 294.1 4.7 1.6 -21.1 12.0 39.0 12.5 3.6 4.7 0.23 452.6 
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Table 4. Samples database. *The collagen yield was too low for further analyses. ** The collagen amount was too small for further analyses. 
***Unknown amount of bone powder. 

Lab no inv. no species 
Skeletal
element

Bone 
powder (mg)

collagen 
(mg)

collagen  
(%) δ13C (‰) δ15N (‰) % C % N C/N δ34S (‰) % S C/S 

SMÖ 066 11484:62 Human Mandible 92.4 5.9 6.4 -20.7 12.4 40.6 14.6 3.2 3.9 0.24 451.4 
SMÖ 067 11484:62 Human M2 93.1 2.0 2.2 -20.8 11.9 39.3 14.2 3.2   

SMÖ 068* 12273:157 Human Mandible 111.4 0.3 0.2    
SMÖ 069 12273:157 Human M2 58.6 1.0 1.8    

SMÖ 070 12273:173 Human Mandible 107.2 5.6 5.2 -20.4 13.3 40.9 14.8 3.2 5.1 0.22 496.5 
SMÖ 071 12273:173 Human M2 92.6 4.2 4.5 -20.1 13.0 40.6 14.6 3.3 6.4 0.25 433.5 

SMÖ 072 12273:190 Human Mandible 255.4 4.7 1.8  6.4 0.22  
SMÖ 073 12273:190 Human M1 85.7 0.9 1.1 -20.6 12.3 37.6 13.4 3.3   

SMÖ 074 14801:16a Human Mandible 347.4 3.4 1.0 -20.8 12.6 38.5 13.0 3.5   
SMÖ 075 14801:16a Human M1 114.3 2.2 2.0 -20.8 11.8 40.4 14.3 3.3   

SMÖ 076 15464:1 Human Mandible 100.3 5.3 5.3 -20.4 11.9 41.3 14.7 3.3 1.8 0.22 501.3 

SMÖ 077 15464:7 Human Mandible 139.6 7.7 5.5 -20.7 10.3 41.3 14.8 3.3 7.4 0.23 479.5 
SMÖ 078 15464:7 Human M2 97.7 7.2 7.4 -20.7 8.9 41.2 14.8 3.2 10.8 0.27 407.0 

SMÖ 079 16867 Human Mandible 291.6 5.3 1.8 -20.9 13.0 38.7 13.6 3.3 7.3 0.23 449.0 
SMÖ 080 16867 Human M2 220.2 6.8 3.1 -20.6 11.7 36.7 12.7 3.4 8.0 0.35 279.9 
SMÖ 081 16867 Human M3 99.2 5.8 5.8 -20.4 12.7 41.4 14.9 3.2 7.5 0.27 409.7 
SMÖ 082 14273 Human Femur 311.6 3.3 1.1    

SMÖ 083 11746:121 Human Mandible 340.4 2.9 0.8 -21.7 10.6 34.5 11.4 3.5   
SMÖ 084 11746:121 Human M2 64.7 1.3 2.0 -21.4 10.4 37.1 12.4 3.5   
SMÖ 085 11746:121 Human M3 120.1 1.4 1.2 -21.3 10.9 37.2 12.7 3.4   
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Table 4. Samples database. *The collagen yield was too low for further analyses. ** The collagen amount was too small for further analyses. 
***Unknown amount of bone powder. 

Lab no inv. no species 
Skeletal
element

Bone 
powder (mg)

collagen 
(mg)

collagen  
(%) δ13C (‰) δ15N (‰) % C % N C/N δ34S (‰) % S C/S 

SMÖ 086** 14429:4b Human Humerus x*** 0.1    

SMÖ 087 15464:3 Human Mandible 309.0 10.4 3.4 -20.7 12.1 41.5 14.7 3.3 2.2 0.27 410.4 
SMÖ 088 15464:3 Human M1 63.9 2.5 3.9 -20.5 12.6 40.3 14.4 3.3   
SMÖ 089 15464:3 Human M2 154.3 6.5 4.2  1.2 0.27  

SMÖ 090* 12273:159 Human Mandible 186.9 0.3 0.1    
SMÖ 091 12273:159 Human M2 183.5 7.4 4.0 -20.7 12.0 39.8 14.0 3.3 5.1 0.26 408.3 
SMÖ 092 12273:159 Human M3 179.7 5.2 2.9  4.9 0.24  
SMÖ 093 11746:115 Human Humerus 259.7 3.6 1.4 -20.6 11.8 40.7 14.1 3.4 4.7 0.22 494.2 

SMÖ 094 14273:3 Human Mandible 249.5 8.2 3.3 -20.7 13.1 42.1 15.0 3.3 5.2 0.25 449.5 
SMÖ 095 14273:3 Human M2 280.5 7.8 2.8 -20.6 13.2 37.4 12.8 3.4 4.9 0.25 399.8 
SMÖ 096 14273:3 Human M3 71.2 2.6 3.6 -20.5 13.0 40.4 14.5 3.2   

SMÖ 097 11180:9 Human Mandible 141.5 9.5 6.7 -20.6 12.2 42.3 15.1 3.3 4.8 0.22 513.3 
SMÖ 098 11180:9 Human M1 84.6 2.5 3.0 -20.2 12.2 40.8 14.6 3.3   
SMÖ 099 11180:9 Human M2 109.7 7.9 7.2 -20.5 12.7 42.3 15.2 3.2 3.4 0.24 470.8 
SMÖ 100 15464:11 Human M2 95.48+x*** 2.6  3.2 0.26  
SMÖ 101 11180:15 Human M3 x*** 5.5 -20.6 11.5 41.8 15.0 3.3 4.5 0.24 464.8 
SMÖ 102 13132:XI Human M2 x*** 6.0 -20.3 12.9 42.4 15.2 3.2 4.6 0.27 418.8 

 
 
 
 
 
 

 
 



 
 
 
 

31 

Table 5. Displaying maximum, minimum and mean value and standard deviation (s.d) for humans overall, M= male, F= female, I= indeterminate, H= high status graves, 
L= low status graves, YA= young adults, A= adults, S= seniors and T= trepanned individuals. 

 Human  
n = 66 

M  
n = 30 

F  
n = 30 

I 
n = 5 

H  
n = 7 

L  
n = 29 

YA  
n = 7 

A  
n = 21 

S  
n = 37 

T  
n = 6 

δ 13C 
max 

-20.0  -20.0 
SMÖ045 

-20.1 
SMÖ071

-20.2 
SMÖ092

-20.6 
SMÖ038 

-20.3 
SMÖ036, 

051 

-20.6 
SMÖ097 

-20.4 
SMÖ048 

-20.0 
SMÖ045

-20.8 
SMÖ062 

δ 13C 
min 

-21.7  -21.3 
SMÖ053 

-21.7 
SMÖ083

-20.7 
SMÖ094

-21.1 
SMÖ065 

-21.7 
SMÖ083 

-20.7 
SMÖ094

-21.7 
SMÖ83

-21.3 
SMÖ053

-20.1 
SMÖ049 

δ 13C 
mean 

-20.6  -20.5 -20.7 -20.2 -20.8 -20.7 -20.6 -20.8 -20.7 -20.5 

δ 13C 
s.d 

0.3 0.3 0.3 0.2 0.2 0.4 0.1 0.4 0.3 0.3 

δ 15N 
max 

13.7  13.7 
SMÖ058 

13.3 
SMÖ062

13.1 
SMÖ092

13.3 
SMÖ038

13.7 
SMÖ041 

13.1 
SMÖ094

13..7 
SMÖ058

13.7 
SMÖ041 

13.5 
SMÖ050 

δ 15N 
min 

8.9  11.0 
SMÖ045 

8.9 
SMÖ078

12.0 
SMÖ091

11.5 
SMÖ101

8.9 
SMÖ078

12.2 
SMÖ097

10.6 
SMÖ083

10.3 
SMÖ077

11.8 
SMÖ033 

δ 15N 
mean 

12.2 12.4 12.0 12.9 12.4 12.1 12.6 12.6 12.3 12.9  

δ 15N 
s.d 

0.9 0.8 1.0 0.5 0.7 1.1 1.0 1.0 0.8 0.7 

δ 34S 
max 

10.8  8.1  
SMÖ056 

10.8 
SMÖ078 

5.1 
SMÖ094

6.0 
SMÖ062

10.8 
SMÖ078

5.2 
SMÖ094

7.3 
SMÖ079

10.8 
SMÖ078

6.0 
SMÖ062 

δ 34S 
min 

1.2  2.9 
SMÖ036 

1.2 
SMÖ089

4.9 
SMÖ095

4.5 
SMÖ038

2.9 
SMÖ036

4.8 
SMÖ097

3.9 
SMÖ066

1.8 
SMÖ076

3.7 
SMÖ050 

δ 34S 
mean 

5.0 4.5 5.5 5.0 4.9 5.4 5.3 5.3 4.8 4.8 

δ 34S 
s.d 

1.8 1.2 2.6 0.1 0.7 2.0 1.5 1.5 1.7 1.1 
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Figure 13 δ13C and δ15N chart for High status graves and Low status graves. Mean values with standard 
deviations is also plotted. 
 
There are four trepanned individuals in the material, but only three are represented here 
due to that the fourth did not yield enough collagen for analysis. The range in carbon is  
-20.1‰ to -20.8‰, in nitrogen 11.8‰ to 13.5‰ and in sulphur 3.7‰ to 6.0‰. Mean 
values are for carbon -20.5‰ (s.d 0.3), nitrogen 12.9‰ (s.d 0.7) and sulphur 4.8‰ (s.d 
1.1). 
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Figure 14 δ13C and δ15N of the trepanned individuals values together with all humans values as a reference 
point. Individual 11180:3 is represented by both mandible and humerus.  
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The range of carbon for young adults is -20.7‰ to -20.6‰, in nitrogen 12.2‰ to 13.1‰ 
and sulphur 4.8‰ to 5.2‰. Mean value for carbon is -20.6‰ (s.d 0.1), nitrogen 12.6‰ 
(s.d 1.0) and sulphur 5.3‰ (s.d 1.5). Carbon for adults range from -21.7‰ to -20.4‰, in 
nitrogen 10.6‰ to 13.7‰ and in sulphur 3.9‰ to 7.3‰. Mean value for carbon is -20.8‰ 
(s.d 0.4), nitrogen 12.6‰ (s.d 1.0) and sulphur 5.3‰ (s.d 1.5). Carbon for seniors range 
from -21.3‰ to -20.3‰, in nitrogen 10.3‰ to 13.7‰ and in sulphur 1.8‰ to 10.8‰. 
Mean value is for carbon -20.7‰ (s.d 0.3), nitrogen 12.3‰ (s.d 0.8) and sulphur 4.8‰ 
(s.d 1.7). 
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Figure 15 δ13C and δ15N values for young adults, adults and seniors. Liebe-Harkort has determined the ages 
of the individuals bones and by only using the bone element we get a more correct information of the diet of 
the individuals at the end of their lifetime. 
 
The range in carbon for M1 range from -20.8‰ to -20.2‰, in nitrogen 11.7‰ to 12.8‰, 
and in sulphur 1.6‰ to 4.6‰. Mean value is for carbon -20.5‰ (s.d 0.2), nitrogen 12.3‰ 
(s.d 0.4) and sulphur 3.4‰ (s.d 1.6). The range in carbon for M2 is -21.4‰ to -20.1‰, in 
nitrogen 8.9‰ to 13.4‰ and in sulphur 1.2‰ to 10.8‰. Mean value is for carbon -20.6‰ 
(s.d 0.3), nitrogen 12.0‰ (s.d 1.1) and sulphur 5.3‰ (s.d 2.4). The range in carbon for M3 
is -20.5‰ to -20.0‰, in nitrogen 10.9‰ to 13.5‰ and in sulphur 2.9‰ to 7.5‰. Mean 
value for carbon is -20.5‰ (s.d 0.3), nitrogen 12.4‰ (s.d 1.0) and sulphur 4.7‰ (s.d 1.6). 
The range in carbon for bone is -21.7‰ to -20.3‰, in nitrogen 10.3‰ to 13.7‰ and in 
sulphur 1.8‰ to 8.1‰. Mean value for carbon is -20.7‰ (s.d 0.3), nitrogen 12.4‰ (s.d 
0.8) and sulphur 4.9‰ (s.d 1.5).   
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Ages through bone elements
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Figure 16 Chart for δ13C and δ15N in different human skeletal elements, to represent diets over the whole 
lifespan.   
 
 

7. Discussion 
 
7.1 The animal references discussion 
The animal reference material show that the diet of cattle and horse differs from the 
humans which is just as it should be since they have a main dietary intake of grass. The 
goose also has a separate diet from the humans with δ13C values similar to the cattle’s and 
horses which also are grazers. The δ15N though is higher in the goose and is similar to the 
human values. When it comes to the dog, sheep/goats and the cat, these animal values lie 
in the same area as the humans which is not surprising since dogs and cats traditionally 
always have been more like pets. Pets share food with humans or rather eat the leftovers. 
The notion of separate food for pets is modern. Sheep/goats are herbivores but especially 
goats can eat almost anything. The mustelids result also falls in with the humans. 
Mustelids are predators and eat mostly meat from animals larger than themselves but they 
can also eat greens, eggs, birds and fish (Wikipedia mårddjur 090428). Because of the 
mustelids eating habits there is not a surprise that this sample also falls within the human 
results (figure 9 and 11). The sulphur results show that the dogs and the sheep/goats 
correlates with the humans sulphur results and should therefore be a reliable source even-
though these animals are easy to carry during a move. Their results falls in with the larger 
group of humans and it is not very likely that all of the humans have moved to the area 
and brought their pets. That the cattle and horses material differs could be explained with 
that these animals have been imported or it could also be explained with that these animals 
can be let out on pasture. This could be in areas with different sulphur values in the soils 
and grass, since these values can shift very easily in areas that might not seem to be so far 
away from each other. The goose has a very deviant value but that has its explanation in 
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that geese are not mammals and therefore have different basic values, and geese are 
migratory birds. Because of this they have more variation in their sulphur isotope 
“intake”. 
   
7.2 Carbon/Nitrogen discussion 
In comparing diet between the sexes and indeterminate adults, there are no greater 
differences (figure 12). This is supported by a t- tests done in statistica 8.0, showing no 
statistical significance between any of the groups. The females show a more scattered diet 
pattern of a mixed diet between terrestrial protein and freshwater fish (table 5).  
 
Since the diet has not changed in an older age for all the females but two, I would like to 
suggest that these two changed their diet in older age from freshwater fish to a more 
mixed diet with terrestrial protein. I do not see this as a change in environment or as a 
classic social difference. I would like to suggest that these women for some reason needed 
more terrestrial protein in their diet, perhaps because of some sort of illness or even 
pregnancies. Being pregnant invades a female body in many ways. There are many social 
and bodily functions that interfere in being pregnant. Some interference can come from 
social beliefs. There are evidence that some cultures believe that eating certain foods can 
impact the foetus, for example over-ripe bananas are supposed to give the child brown 
spots. Another superstitious belief for pregnant females is that eggs are considered fertile 
and if eating them during pregnancy it could impregnate the foetus (Fieldhouse 
1996:169pp). Most taboos regarding diet have to do with meat and they are often the 
taboos with the strongest convictions. The taboos of eating certain foods could be a way to 
show social differences and assigning people their place in society. There could also be 
that a taboo is used for selfish reasons, and an example is from the aboriginal society in 
West Malaysia where children and women of childbearing age should not eat terrestrial 
protein, and this could do with the males need for meat because they are hunting 
(Fieldhouse 1996:170). The taboos mentioned are not only restricted to pregnancy but do 
include it. Cravings are also something greatly associated with pregnancies. A study done 
in 1971 by Dickens and Trethowan on pregnant women showed in that during the 
pregnancy the females craved fruit, fruit drinks, sweets, ice-cream, milk and other dairy 
products. They averted from tea, coffee, cocoa, vegetables, meat, fish and eggs (Dickens 
& Trethowan 1971). Of course cravings are individual and most of the things listed above 
from the study were not available during Roman Iron Age. Cravings can therefore be said 
to be what the foetus wants or needs and therefore it emerges (Fieldhouse 1996:201). 
Another study done on modern pregnant women is a study by Fuller et al. (2004). They 
studied hair keratin and concluded that during pregnancy the δ15N values decreases with 
circa 0.5‰ (0.3‰-1.1‰ lower than before the pregnancy). Why this occurs they are not 
sure of. One explanation could be that the foetus increases in 15N and therefore the mother 
will decrease, but together they have the original value. This has though been tested in 
other studies and is not the reason (Fuller et al. 2004). The more mixed diet in the 
Smörkullen females could be because of pregnancies, especially if the δ15N values 
decrease and special cravings can be associated with pregnancies. What could be said 
against this theory is that the females that are the most scattered in diet are of an older age, 
probably around 65 at their death, and might be past their childbearing years. The 
strongest explanation for the more scattered female values would be illnesses or 
pregnancies, because not all females of the same age show this mix. 
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There are a few female samples that stand out from the rest of this group  
                                                                                                and this could     
Table 6. Displaying the differences in the averages among the              indicate that these two  
females with and without the two outliers.                                                 females has had, either a 

special social standing or that 
they have moved. These 
samples are all adults or 
seniors and the skeletal 
elements are from M2, M3 and 
bones. Interesting their M2                                             

                                                                                                 isotope values also stood out 
from the group, I would like to suggest that they have had another diet in their early years. 
This could indicate migration for these two females (see chap. 7.3). There could also just 
be a matter of supply of more terrestrial food during their childhood, but if this were the 
case more M2 teeth should show indication of a more terrestrial protein mixed with 
freshwater fish diet. These two outliers do not interfere to a great extent with the average 
of the isotope values (table 6). 

 
Speaking of freshwater fish it becomes a little bit more complicated than comparing just 
marine and terrestrial diets. To detect freshwater fish in the diet both carbon and nitrogen 
has to be looked at, since the carbon value alone will show terrestrial values and without 
the nitrogen it can be misunderstood. Carbon values for a freshwater fish diet should be 
around δ13C -19‰ to δ13C -23‰ combined with a high nitrogen value, δ15N above 10‰. 
These numbers refer to the area of Zvejnieki during Stone Age (Eriksson & Zagorska 
2003), but when comparing the numbers of their freshwater diet with Smörkullen the 
numbers fall alike.  
 
The results from the low status graves are also a bit scattered, mainly because of the 
females mentioned above. The high status graves are more uniform and show a diet of 
freshwater fish. There is one female that differs slightly in δ13C from the other high status 
graves, but not as much that any conclusions about a different diet, geographical origin or 
different social status can be drawn. One problem with this individual though, is that there 
is only one bone sample analysed. This means that there is no way to tell weather or not 
she has had a different diet in early years (figure 13). 
 
Looking at the differences between young adults, adults and seniors there is not a 
difference in diet intake. The individuals was age determined based on their skeleton 
remains so when comparing young adults, adults and seniors they are only represented by 
skeletal elements, since these represent the diet closest to their age determination. There 
are two samples that stand out from the rest and they are two of the deviant samples 
discussed in the paragraph about males and females diet above. One other interesting fact 
that can be seen (figure 15) is that seniors have had a slightly more mixed diet and not a so 
cohesive diet. This could indicate some change in diet intake in the older days. This could 
be a change in beliefs when you get older or because of some illness or other weakness, 
but it could also be a form of showing respect to the elders by giving them a more mixed 
diet instead of mainly freshwater fish. This is just speculations though and there could be 
some whole other reason for this more scattered pattern among the seniors. The diet has 
not changed much over the individuals lifespan, as can be seen in figure 16 and figures 
23-31. There is however some individuals that stands out from the group. These samples 

 All females 
average 

All females except 
the outliers average 

Difference 
in averages 

δ13C -20.7‰ -20.6‰ 0.1‰ 
δ15N 11.9‰ 12.4‰ 0.5‰ 
δ34S 5.8‰ 5.2‰ 0.6‰ 
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that differ slightly are mostly from the skeletal elements of M3 and bone, which could 
indicate a more mixed diet in older days. The changes that indicate this are slim though, 
and are most likely just representing a slightly higher intake of terrestrial protein as a 
complement to the freshwater fish diet. These skeletal element differences are the same as 
those discussed in the paragraph about male and female diet. 
 
The trepanned individuals are represented by three of the four initial individuals when it 
comes to δ13C and δ15N values. One of these individuals (11180:3) is represented by two 
skeletal elements (two different bones). This was done to see how large a difference there 
could be from two separate bones. There was almost no difference at all (it differs for δ13C 
0.1‰ and for δ15N 0.2‰). All of the trepanned individuals have been eating a freshwater 
fish based diet, and they do not differ from the rest of the human samples in dietary intake 
(figure 14). The trepanned individuals also serves as a good example for the basically 
homogenous diet between all groups, since they almost represent all the groups adults, 
seniors, high status graves, low status graves, females and males. Of course they do not 
include all skeletal elements, but that is of no greater importance since they do represent 
the two largest age-groups. 
 

When it comes to similarities with the Medieval diet 
patterns I cannot detect any. The Roman Iron Age 
population has not been eating the same mix of diet as 
the Medieval population although in Medieval times 
fish was an important food-source in relationship with 
Christianity, especially among the clergy. Because the 
Smörkullen population all lived mainly on freshwater 
fish there cannot be any evidence of any social patterns 
in concern to diet, and therefore no similarities can be 
drawn with Medieval social hierarchy. Even though 
there are no isotopic references to a Medieval diet, 
there is the isotope study on Roman Iron Age diet on 
Öland (Schoultz). The results here show that the 
population of Bjärby, Öland lived mainly of freshwater 
fish just like the population at Smörkullen. This is 
exciting because the areas are located quite apart, 
Östergötland with Smörkullen on the mainland and 
Öland with Bjärby on an island in the Baltic sea (figure 
17). This could indicate some environmental 
geographical similarities since both sites are situated 
close to water or some cultural belief. There could also 

Figure 17. Map over Sweden                 be a question of specific food taboos. As a reference of 
marking Öland and Östergötland.             food and food-traditions and so on the Medieval diet           
                                                        has served me well but there are no social connections   
                                                        or similarities with a Roman Iron Age diet. 
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Figure 18 δ13C and δ34S chart for males, females and indeterminate adults, with the reference animals 
plotted. 
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Figure 20 δ13C and δ34S chart for the trepanned individuals. 
 
7.3 Sulphur discussion 
The sulphur values are quite closely grouped, with a little bit more variation among the 
females than the males (figure 18). There is only one female that stands out. This female 
is 15464:7 and the skeletal elements is the M2, representing the early childhood. This 
skeletal element shows that she, based on nitrogen, during her pre teenage years has eaten 
a more terrestrial diet (figure 21). Her bone skeletal element though indicates a diet of 
freshwater fish and fits in with the larger group’s sulphur values (figure 18 and figure 22). 
This leads me to believe that this female has moved to the Alvastra area some time after 
the M2 was formed. This female’s terrestrial value is also one of the two M2 values that 
differed in the discussion above about male and female diet. She was buried in a low 
status grave and this does not give any indication that she should have had a special 
position in the society (figure 13 and 19). The other M2 value that differed from the larger 
male and female diet belongs to individual 11746:121 (figure 24). This is also a female. 
Unfortunately there was not sufficient amounts of collagen in any of the skeletal elements 
to perform a sulphur analysis, but based on this female’s M2 and her δ13C and δ15N values 
she might also have a different geographical origin, especially since all three of the values 
from this female belongs to the deviant values in the male and female δ13C and δ15N chart 
(figure 12 and figure 24). 
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Figure 21 Intra-individual δ13C and δ15N chart for 15464:7. 
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Figure 22 Intra-individual δ13C and δ34S chart for 15464:7. 
 



 
 
 
 

41 

All of the trepanned individuals δ34S values are conclusive with the males and females 
δ34S values and therefore I suggest that they are local (figure 20). This group was 
represented only by a few individuals and was interesting due to the fact that they had this 
surgery performed which is not usual during Roman Iron Age. I have not found any 
evidence that this has been performed on more individuals in Sweden during this time 
period. There are though evidence that there have been trepanations performed in 
Denmark during the Iron Age (Berg 1893), but there is not anything written that these 
trepanations were performed during the Roman Iron Age. The surgical art of trepanation 
during the Roman Iron Age or Iron Age overall need therefore to be investigated further, 
since it is a highly interesting phenomena.  
 
7.4 Intra-individual dietary studies. 
Nine individuals were chosen for a closer study of the dietary changes over time. These 
nine were chosen because they are all represented by three skeletal elements (figures 23 to 
31). All nine individuals are represented with their last stages of life diet in the form of 
bone, eight with mandible and one with femur. Five individuals are represented with M1. 
All individuals are represented with M2 and four individuals with M3. For the age 
equivalent see chap. 4.2.2. This intra individual study aimed to take a closer look at the 
dietary changes during their lifespan. In this case they represent a non-change in diet 
during their life or in some cases a very, very small change. These very small changes did 
not affect the main dietary intake. The main food-source has from childhood always been 
freshwater fish, although individual 11746:121 had a lower δ15N value and could therefore 
have had a more mixed diet of freshwater fish and terrestrial protein, which is discussed 
further in chap. 7.3. 
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Figure 23 Intra-individual δ13C and δ15N chart for female 11180:9 of the age 17-19. 
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Figure 24 Intra-individual δ13C and δ15N chart for female 11746:121 of the age 18-44. 
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Figure 25 Intra-individual δ13C and δ15N chart for male 14273:1 of the age 18-44. 
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Figure 26 Intra-individual δ13C and δ15N chart for male 14273:2 of the age 35-64. 
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Figure 27 Intra-individual δ13C and δ15N chart for indeterminate adult 14273:3 of the age 16-17. 
 



 
 
 
 

44 

16867

8

9

10

11

12

13

14

-22 -21 -20

δ13C(‰)

δ
15

N
(‰

) M2
M3

Mandible

 
Figure 28 Intra-individual δ13C and δ15N chart for female 16867 of the age 18-44. 
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Figure 29 Intra-individual δ13C and δ15N chart for male 15464:11 of the age 35-64. 
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Figure 30 Intra-individual δ13C and δ15N chart for possible female 15464:3 of the age 35-64. 
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Figure 31 Intra-individual δ13C and δ15N chart for male 11484:92 of the age 35-64. 
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7.5 Conclusion 
The results from the stable isotope analyses included in this thesis lead me to conclude 
that the main food-source consisted of freshwater fish, most likely fished in the lake 
Vättern and/or the lake Tåkern. When comparing diets between the selected groups (male, 
female, young adults, adults, seniors, high status graves, low status graves and trepanned 
individuals) I cannot detect any large differences between them. All sexes, ages, trepanned 
individuals and grave contexts are mixed and indicate the same food-source. I have not 
discussed the implications on diet by cereals because there is a very high probability that 
this of course has complemented the meals, especially since the health of the teeth 
indicates chewing cereals (Liebe-Harkort personal communication May 2009). 
 
There are a few individuals, especially females, which indicate a more mixed diet of 
freshwater fish and terrestrial protein in a later stage of their lives, which could indicate 
some health related problem, pregnancies or some social beliefs, although this is highly 
unlikely since it only concerns a few older females. If it would be connected to some 
social beliefs this would be shown among most of the females. The food intake was most 
likely not socially based during Roman Iron Age. There are no indications that individuals 
that should have had a higher social status in life differ in diet from those who had not. 
This can be shown in figure 13 where high status graves and low status graves do not have 
any remarkable differences in δ13C and δ15N values.  
 
Concluding the results from the sulphur analyses, I can detect at least one female that 
might not have originated from the Alvastra area. She has likely moved there after the age 
of 7, but before the age of 20. It might be later though since she is age determined to 35-
64 years old. I cannot tell why she has moved there but I suggest either marriage, a family 
move (and the rest of the family is not represented in this thesis) or some other reason for 
why she could not stay in her childhood area. She has no grave-gifts so her grave context 
is of no help either. 
 
To conclude this thesis I would like to say that the diet of the individuals buried at 
Smörkullen, with a few exceptions, has been very homogenous (figure 32). The diet has to 
most parts been consisting of freshwater fish. 
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Figure 32 Mean values for all groups included in this thesis, showing the homogenous of the diet on 
Smörkullen. 
 

8. Further research 
 
Although the 35 individuals in this thesis show a homogenous result in diet there are 177 
skeletons over all from Smörkullen. This could yield different results if all of them were 
to be included. There should also be dietary studies performed on the smaller Roman Iron 
Age cemeteries surrounding Smörkullen to see if there are differences in diet concerning 
cemeteries. Also the diet of Roman Iron Age Scandinavia needs more research since 
before this thesis only one other cemetery has been studied (Schoultz 2006), with similar 
results as this thesis. There also needs to be more research performed on individuals from 
Iron Age Scandinavia who shows indications of trepanation. Further studies and 
continuing use of sulphur isotopes in the field of bone chemistry in archaeology should be 
performed. 
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9. Summary 
 
This thesis aimed at looking at social hierarchy in Roman Iron Age from diet with the help 
of different groups (males, females, high status graves, low status graves, young adults, 
adults, seniors and trepanned individuals). To accomplish this 35 individuals and 22 
animals from the cemetery Smörkullen, Västra Tollstad parish, Östergötland, Alvastra 
area has been subjected to stable isotope analyses, using the stable isotopes of carbon, 
nitrogen and sulphur. The stable isotopes were calculated with a standard and presented as 
δ-values. The δ13C show if the diet was more terrestrial or marine. The δ15N show where 
in the food-chain the test-subject has eaten. To see if the diet has been mainly focused on 
freshwater fish these two values has to be combined. If the main food-source has been 
freshwater fish the δ13C value will be around δ13C-19.0‰ to δ13C-23.0‰, which if only 
looking at the carbon values would indicate a terrestrial diet, but when the main food-
source has been freshwater fish the δ15N value will be very high, around 10‰ or more. 
The δ34S value will provide information about the geographical origin. If some individuals 
has a deviant value from the rest of the tested individuals, one could suspect that this 
individual has had a different geographical origin.  
 
During Roman Iron Age many changes came to be, economical, socially and 
“religiously”. The people start to form more village-like communities instead of separate 
farms and the form of burial changes from cremations to inhumations. The Smörkullen 
cemetery is a good example of this. The cemetery has been used both during Pre Roman 
Iron Age with cremation burials and during Roman Iron Age with inhumation burials. The 
cemetery might have originally consisted of circa 600 graves, but due to interference of 
modern man many graves have been lost. Excavations took place between the years 1900-
1922. During the excavations 198 skeletons were recovered, whereof 177 still exists today 
and have been subjected to osteological examination and determination by PhD student 
Carola Liebe-Harkort. For this thesis 35 of these individuals were chosen for dietary 
studies, to answer my questions and aim concerning Roman Iron Age society.  
 
The first question of this thesis concerned the main food-source and could be answered 
with that the main diet intake consisted of freshwater fish. The second question had to do 
with the selected groups I had divided the individuals into. The question asked was if 
there were any dietary differences between the groups. The answer to this was that there 
were no significant differences. All groups main dietary intake consisted of freshwater 
fish. There were however more scattered values among the females that could indicate a 
more mixed diet. There were also a few females that separated themselves from the group. 
These females were older though and I believe that they might have had a more mixed 
diet because of some age-related illness or pregnancies but it could also be some other 
reason. The trepanned individuals also lived mainly on freshwater fish and did not differ 
from the other groups and/or individuals. This group includes males, females, high status 
graves, low status graves, trepanned individuals, adults, seniors and they represent most of 
the ages through skeletal elements. Otherwise no major differences could be detected 
between the groups. High status graves, low status graves, young adults, adults, seniors, 
skeletal element ages and trepanned individuals had all a freshwater fish based diet.  
 
In relation to Medieval diet patterns and social structure there are no similarities even 
though fish was important among the Medieval Christians. Since there are no dietary 
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changes over time among the individuals of Smörkullen or any differences among sexes 
and graves status there are no similarities with Medieval diet. Although as a food-source 
of reference the Medieval diet works very well, since there are many different records on 
Medieval food and diet. 
 
When it comes to the last question about migration, there is one female (15464:7) that 
show a great deviation in a δ34S value in her M2 tooth, but her mandible has a similar 
value as the rest of the analysed individuals. This probably means that she has moved to 
the Alvastra area sometime after the age of 7 but before the age of 20. An other piece of 
evidence is that her diet in young age show a more terrestrial based diet but whereas her 
latest diet consists of freshwater fish just like the other inhabitants that are buried at 
Smörkullen (figures 20 and 21). There could also be a second female (11746:121) that has 
moved to the Alvastra area around the same age but this individual did not yield enough 
collagen for sulphur analyses so the change in diet over time is the only evidence that 
could substantiate that claim. She too had a more terrestrial based diet in a young age that 
then becomes more based on freshwater fish in her older age (figure 23). 
 
To conclude with a look at the aim of the thesis, that were to look at social hierarchy 
based on diet, with a starting point on the different groups, there can be said that there are 
no evidence of a dietary based social hierarchy. All groups have lived of the same food-
source, which consisted of freshwater fish. 
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