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1. Introduction  

Two occasionally forgotten dietary factors that impact human lives are breastfeeding and 

weaning practices. They infer with the health of both mother and child and give an indirect 

effect on population growth. The two factors also function as a control over reproduction 

which makes this thesis relevant for understanding our prehistory especially when regarding 

children. “Weaning-age” is misleading as a word and should instead be seen as a process that 

begins with the introduction of solid foods and ends with the last breastfeeding. Consequently 

breastfeeding becomes a part of the weaning process. Early researches within this field show 

the possibility to trace breastfeeding and weaning in individuals by means of stable nitrogen 

isotope analysis of deciduous teeth (Eriksson 2003:16 p). This master thesis will focus on the 

children’s weaning pattern, breastfeeding, dietary practices and migration. The source 

material originate from Smörkullen, RAÄ 24:1 (1, 2) (The Swedish National Heritage Board 

database 090415), Alvastra, Östergötland, Sweden. Results derive from stable nitrogen, 

carbon and sulphur isotopic analyses conducted on human skeletal elements i.e. bones, 

deciduous and permanent teeth. A possible relationship between the local fauna and the 

results from the stable carbon, nitrogen and sulphur isotopic analyses will be examined in 

order to further understand dietary practices. Stable sulphur isotopic analyses are conducted 

on deciduous teeth. The material raises many questions but only some questions are relevant;  

 

1. For how long did a woman breastfeed her child? 

2. For how long was a child weaned? 

3. When was children first introduced to solid foods? 

4. What did the introduction food possibly consist of? 

5. In what sense does the local fauna correlate to the stable   

carbon, nitrogen and sulphur isotopic values regarding to human diet? 

6. Is it possible to identify any non local individual on the cemetery?  

1.1 Material and method 

The source material consists of human bones, permanent and deciduous teeth from an Iron 

Age burial site in Sweden. The material derives from thirty four individuals between nil and 

fifteen years of age and of different biological sex. Archaeological reports have been made 

over the material before but it is in modern times that the entire material is being examined by 

an osteoarchaeologist. Carola Liebe-Harkort has documented all individuals from the burial 

site. The bone and teeth material from the individuals were chosen by their preservation state. 

The majority of the bone and teeth material was well preserved and most of it is used except 

for too small bone pieces and badly broken teeth. Bones, permanent and deciduous teeth from 

children contain a dietary record and traces of weaning that can be analyzed in a laboratory. 

Chemical analyses on bones and teeth material give an insight of a long-term consumption 

pattern (DeNiro 1987). The results derives from the stable carbon, sulphur and nitrogen 

analysis builds upon the isotopes values originated from individual weaning traces and/or diet 

(Brown et al 1988:172 p). The breastfeeding and the weaning process are complex and they 

interact with biological, social, cultural, ecological, economical, individual aspects and the 

breastfeeding practice in our prehistory differs broadly (Eriksson 2003:18). I also intend to 

refer to different social and/or cultural factors that can affect breastfeeding and the weaning 

period in hopes of gaining further understanding about the two important matters. 
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2. Background 

2.1 Previous studies with focus on diet and breastfeeding in Sweden 

There are different ways for studying breastfeeding, weaning and diet. Some methods for 

studying breastfeeding are anthropological, ethnological, historical, theoretical, medical and 

trough scientific laboratory studies. All the factors mentioned in chapter one (economy, 

ecology, culture, biology, etc) are important in the contexts of breastfeeding and weaning 

(Eriksson et al 2000:7, Beausang 2003). It is today recognized that modern and pre-historic 

hunter-gatherer cultures breastfeed their children for three - four years. The traditional 

cultures still breastfeed their infants for almost four years (Maher 1992). Weaning and 

breastfeeding could be reasons for child mortality and in some societies raw breast milk was 

considered dangerous for infants (Maher 1992:110 pp, Welinder 1995:15-16, Artswager Kay 

1992:21, Beausang 2003:112-113). Elisabeth Beausang’s PhD thesis from 2003 is about the 

childbirth event and mothering seen from an archaeological context and she approaches the 

issues through identifying prejudices that hinders complex discussions of birthing events in 

archaeological research, she also acknowledge and elucidates the essence of the birthing event 

and identifies general birth performance. She points to possible birth-related material culture 

in prehistoric contexts and suggests possible implications of research on the birthing event in 

archaeology (Beausang 2003:2).  

 

But Beausangs purpose with the PhD thesis was to acknowledge childbirth in prehistoric 

contexts in order to identify a specific life-span event with an interrelating material culture, 

which seldom is recognized in archaeological dissertation (Beausang 2003:2). She includes 

anthropological, antic, archaeological writing and personal narratives from birthing women in 

her broad PhD thesis in order to gain knowledge about childbirth and mothering. In the 

archaeological material from England and Cyprus interesting feeding bottles used for weaning 

were found. A feeding bottle from 5500 BC might have contained porridge. Porridge could be 

one of many possible supplemental foods. A somewhat scheduled breastfeeding could have 

derived from the fact that women got an increased workload with the introduction of 

agriculture. Therefore porridge was given instead (Beausang 2003:116). The porridge theory 

is interesting and her work has many aspects about what factors could affect breastfeeding 

and weaning (Beausang 2003). Historical and antic records, practical archaeology and 

osteology have many times been used as complementally topics in breastfeeding and diet 

studies in order to understand breastfeeding, weaning and diet in different periods (Beausang 

2003, Lindholm 2004). Issues such as infant mortality, substitute foods and wet-nurses are 

some of the areas that comes up when studying weaning during the medieval and industrial 

period (Lindholm 2004). Lotta Mejsholm conducted a study about the Christianisation 

process in Scandinavia in which she focused on social constructions of childhood and infancy 

as it was expressed in the inhabitant’s ideals and practices. She approaches the matter trough 

archaeological and written sources that tells about different myths. She implies that childhood 

is a social construction by our contemporary society, which also is implied by Elisabeth 

Beausang (Beausang 2003:99 p). Furthermore Lotta Mejsholm examines the matter of infant 

deaths. She implies that children were put out to die when times were bad or in other ways 

lost their lives due to ideology, tradition, social factors, economy etc (Mejsholm 2009, 

Beausang 2003:111). 

   

In order to examine social factors that affect children and the children’s social role Lotta 

Mejsholm use Olaf the holy saga and the Vale mythology and other sagas. Her results from 

the study of the written sources show that the ideology concerning children changed with the 

establishment of Christianity (Mejsholm 2009). Her archaeological research material included 

inhumations of seventy-six children of different ages from Fjälkinge burial site and the 

cemetery in Kattesund (Mejsholm 2009). She wanted to see how children of different ages 
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were perceived and socially classified in burial contexts in pre-Christian societies during late 

Iron Age. Some child burials dated to the pre-Christian time in Fjälkinge contained food 

vessels (Mejsholm 2009). Different age classifications and food vessels also exist in my 

study. Mejsholm´s results show that an individual expression for children from Fjälkinge was 

not as visual as it was for the children from Kattesund cemetery and that the burials separate 

impressions in Fjälkinge were a result of the individuals’ age variations (Mejsholm 2009). 

One laboratory study conducted at the Archaeological Research Laboratory (ARL), 

Stockholm University, focused on breastfeeding pattern during the Stone Age and those 

results gave information about women and breastfeeding in a non rural population (Lidén et al 

2003:7 paper 1). The research results from the study at ARL were out of the ordinary and 

derived from stable carbon and nitrogen isotopic values from collagen. The results concerning 

breastfeeding showed that in ideal cases for breastfeeding and weaning pattern to be traced in 

an individual the breastfeeding process must have started during a child’s first ten months of 

age. The research itself showed that in order to receive sufficient results the complete 

dentition should be used in analysis, which seldom is the case. In the study it was noticed that 

an incisor, canine and a molar from an individual was sufficient for breastfeeding pattern 

studies (Lidén et al 2003:7 paper 1). Data from the same study showed that lactating mothers 

are the source for a child’s stable nitrogen isotopic values. The results also demonstrated that 

if no breastfeeding took place, if supplementary foods were given or if more than one female 

breastfed the same child, the data would be unreadable (Lidén et al 2003:7 paper 1). Pia 

Schoulz’s BA- thesis for ARL included twenty-one adults from pastoral settlement in Bjärby, 

Öland. Her thesis material had been dated to the elder part of Roman Iron Age. She conducted 

a diet and gender research. Her results derived also from stable carbon and nitrogen analysis. 

Her results showed that the inhabitants’ at Bjärby, Öland lived of freshwater fish and young 

animals (Schoultz 2006). An individual’s diet signals alters due to dietary shifts in economics, 

habitat changes or other factors (Eriksson et al 2000:7, Mejsholm 2009).  

 

A method for approaching the matters of breastfeeding, weaning pattern and/or diet is a 

scientific laboratorial method, in this case the modified Longin method (Brown 1988), which 

includes an analysis of stable carbon and nitrogen isotopes. The isotopic information show 

more specifically what was eaten and at what approximate age the breastfeeding and weaning 

happened. The information bearing chemical traces from an individual’s diet or weaning 

pattern is fixed inside the teeth and bones. Breastfeeding yield a stable nitrogen isotopic 

signature change, which make the breastfeeding pattern visible. The change is highly 

detectable due to good precision in measurements (Olsson 1996/1997:38). Laboratory 

research demonstrates that stable carbon thirteen isotopic values give information about 

wither an individual consumed terrestrial or marine foods and the stable nitrogen fifteen 

isotope values indicate the trophine level. From the trophine level the breastfeeding pattern 

can be deduced. Outcomes from the ARL research proved that breastfed children yield higher 

trophine level than the mothers who have their own trophine-level (Olsson 1996/1997:38). 

Dietary records in permanent teeth are initiated from early childhood up to the beginning of 

early twenties, approximately when the third molar appears (Lidén et al 2003:8 paper 1, 

Hillson 1986, Olsson 1996/1997:38). In order to detect dietary changes occurring in life 

deciduous and permanent teeth are used. Deciduous teeth are good sources for gaining the 

desired dietary information from the first year of life; mainly the breastfeeding pattern (Lidén 

et al 2003:9 paper 1). 

2.2 Research background to Smörkullen 24:1  

The first Swedish archaeologist to write about the Smörkullen burial site was T.J Arne (Arne, 

T.J.: 1903, 1904, 1905, 1919). Later Eric Oxenstierna (Oxenstierna, C.G.E: 1948, 1958) 

summed up information about the burials and objects found at Smörkullen in 1948 (see figure 
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1, p 4). He described the site, the graves and the burial finds. Harriet Borgström wrote a BA-

thesis in 1973, re-documenting all graves and burial finds. Furthermore she added maps over 

the total extent of the burial site, which did not previously exist (see figure 2, p. 12). Påvel 

Nicklasson authored a book (1997) about the Roman Iron Age period in which he describes 

Smörkullen in general and puts it almost in a category of its own. Hans Browall wrote about 

Alvastra in 2003 and gave an insight of the burials found at the Alvastra site and put them in 

social/status contexts. Osteologist Carola Liebe-Harkort is currently (2009) doing a PhD 

about the inhumations found at Smörkullen burial site.  

 

  

 
  

Figure 1. To the left is a map over Sweden. The map to the right shows the location of 

Smörkullen which is marked with a square 

(http://www.stayseek.com/Img/Layout/karta_sverige.gif) 090430, eniro.se 090527). 

http://www.stayseek.com/Img/Layout/karta_sverige.gif
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2.3 Early and more recent archaeological studies  

The burial site at Smörkullen was excavated in the beginning of the 20-th century and the 

total amount of inhumations today is one hundred seventy-seven (Liebe-Harkort O.M. 2009). 

The burial forms varied and the grave depths were nil point seventeen and one point fifty 

meters with an average of nil point eighty-five meters. What ground reference was used is 

unclear. The orientations of the skulls were dominated by north and east direction but other 

directions of skulls also occurred. It was possible to determine the biological sex in field for 

several inhumated adult individuals (Borgström 1973). Now when most of the inhumations 

have been osteologically analysed it can be constituted that out of the 177 individuals there 

were 51 children found at the burial site. Out of the 51 there are 34 individuals classified as 

very young children and 17 individuals are classified as young adults. The information has 

been affirmed by Osteologist Carola Liebe-Harkort (Liebe-Harkort O.M. 2009). The 

inhumations of children were evenly distributed over the burial ground (Borgström 1973). In 

some inhumations a piece of charcoal was found (Browall 2003:99-101). Crania trepanations 

in six adult individuals were caused by a surgical tool of some sort. Signs of healed crania 

lesion caused by trepanation indicate that the surgeries were successful and that the 

individuals´ lived some time after the operation (Browall 2003:99-101p). Perhaps the surgery 

took place in order to cure some disease (Browall 2003: 99-101 p). I wonder if the same 

surgeon even helped out in child delivery. Historically trepanation operations were performed 

in many other sites in Sweden and Europe (Browall 2003 99-101 p). The trepanised crania 

were placed at the very centre of the burial site at Smörkullen, some thirty meters apart from 

each other. Maybe the six adult individuals were treated by the same surgeon? It seems that 

the inhabitants in Alvastra had the need of a skilled surgeon (Browall 2003:99 pp). Further, 

several adult individuals exhibited heavily worn teeth (Liebe-Harkort O.M 2009) perhaps due 

to rough diet caused by cereals. The children demonstrate less worn teeth than the adults 

(Liebe-Harkort O.M 2009). 

 

I wish to present the Germanic culture as it is presented in Tacitus “Germania” by Alf 

Önnerfors (Önnerfors 1961) since burial objects found at Smörkullen, according to Hans 

Browall, could be of West Germanic and Gothic background and could maybe indicate 

migration of foreign people to Smörkullen. I believe that migration does not exclude children. 

Perhaps children followed their parents and were taught their parents values while growing 

up. According to Tacitus the Germanic inhabitants did not marry citizens from other tribes 

than their own and thereby keeping their ethnicity intact (Önnerfors 1961 cap 4:37). But the 

very sentence can be questioned and it is hard to say if Tacitus descriptions of the Germanic 

peoples are correct. The texts by Tacitus are secondary sources, information given to him by 

others. But apart from the reliability problem I do think that information about the burial 

objects and the buried individuals at Alvastra and other nearby sites do that a non-local 

ethnicity can be reached through Önnerfors “Germania” and Browall´s work.  

 

The main two settlements, in which some of the now buried people from Smörkullen once 

lived, are believed by Browall to be located in Alvastra and Stora Broby area. The distance 

between the settlements and Smörkullen burial site is not long (see figure 1, p.4). The dates of 

the many burial objects found near the settlements are placed at the transition period between 

the Bronze Age and the Iron Age and furthermore Alvastra became early a central place for 

homeland foundation (Browall 2003:96 p). Skeletal remains found at Alvastra were dated to 

the birth of Christ. The oldest graves at the Alvastra site were dated to 150 BC and were 

cremations. Twenty percent of the cremations contained burial gifts in form of different tools 

and jewellery. The tools from Alvastra were sheers, crum knives, fire tongs, iron pickaxe, iron 

chain, iron needle, whetstone and rivets. The tools were probably used for preparing animal 

skins and hides. The jewelleries were bronze fibulae, bronze needle, and bronze ring, iron 
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strap fitting and play marks of coloured milk glass. Other burial objects were different 

armoury items, chips of flint and wooden chip boxes (Browall 2003:97-98). Three item 

categories stand out and are considered to be imported or otherwise foreign in style; bronze 

fibulae, a bronze needle and play marks of coloured milk glass. Those three item categories 

are from Smörkullen. The bronze fibulae are believed by Browall to be from an area between 

the river Oder and the river Weichsel in modern Poland (Browall 2003:104 pp). The area was 

once inhabited by Gothic tribes such as the Rugii and the Helvetigones (Önnerfors 1961 cap 

44:95-101). How did the bronze fibulae and the bronze needle come to Smörkullen? It could 

be plausible that people from Alvastra or Stora Broby traded with Germanic and Gothic 

tribes. The bronze needle could have been a gift bought in trade. The bronze fibulae perhaps 

came with women who moved away from their homes located in the Gothic area in Poland? 

(Browall 2003:104 pp). The third item category found at Smörkullen is the play marks of 

coloured milk glass. According to Browall burial objects such as play marks of coloured milk 

glass and the bronze needle originates possibly from West Germania, in an area located near 

the river Rhine (Browall 2003:104 p, 109). The bronze needle has a rhombic head and is 

thought to be a hair needle (Browall 2003:109-110). Germanic tribes were settled by the 

Rhine River and some of the tribes were loyal to the Roman Realm (Önnerfors 1961 cap 

29:73-cap 34:81). Any of the tribes living by the Rhine could have traded with inhabitants 

buried at Smörkullen. But in this case the two object categories; bronze needle and the 

coloured play mark of milk glass, can have come to Smörkullen by import. The coloured play 

marks were found in a grave of a prominent person, possibly a chief from the Alvastra 

settlement (Browall 2003:111).  

3. Breastfeeding 

3.1 Cultural and natural influence on breastfeeding 

What is natural and what is socially constructed when regarding breastfeeding? As stated 

earlier breastfeeding has to do with: biological, ecological, economical, social and cultural 

factors. The bond between mother and child is important and unique (Eriksson et al 2000, 

Beausang 2003) and the facts of nature are always transformed by culture and by studying 

different societies. The cultural representations are studied as much as the biological factors 

(Hastrup 1992:91). Giving birth is a foetal growth phase which is followed by an external 

phase of lactation. The two phases are evident and fully normal. Naturalness does not exclude 

any of the choices a mother makes for her infant, but rationality has a different function in this 

context and more importantly; natural behaviour should be seen in a cultural and social light 

(Hastrup 1992:91 p). Breastfeeding was a part of life for woman in the ancient times and 

women were the ones who passed down the knowledge of breastfeeding, since they knew best 

how to breastfeed an infant (Svensson & Nordgren 1998:19).  

 

Year 1703 the population at Iceland was 50.300. The age ratio and the household composition 

from this time show a decline in population and ample evidence from ninety-three different 

sources points at a severe demographical problem. The first suspected problem was believed 

to be the biological reproduction. It was a part of the problem but not the main cause. Women 

married late in life and within the marriages there was a high birth ratio, which was shown by 

health surveys and an ethnographical fertility survey done by observers from Norway, 

Denmark and England (Hastrup 1992:93-99). Between 1580 and late nineteen century 

English, Norwegian and Danish observers noted that it wasn’t rare to meet a mother with 

twelve or fifteen children. The fertility rate on Iceland was high, but the child mortality 

number was also high. Only two or three of the 12-15 children grew up (Hastrup 1992:96 p). 

The population was declining and the reason was unknown for a very long time. The child 

mortality rate sank in late 1900 (Hastrup 1992:93-99). Observers who came to Iceland during 

the period when child mortality still was high recorded a strange behaviour that could have 



7 

 

been the reason for the high mortality numbers: the children were given cattle milk by their 

mothers and therefore the children suffered from digestion problems. Additionally women in 

Iceland gave their infants cream and added chewed fish or meat diluted with milk, cream or 

butter. The diet killed the infants but the Icelanders failed to see the connection (Hastrup 

1992:97-99).  

Mothers in Iceland did not breastfeed their children for two or three centuries due to the 

Icelandic religious world. The reason was simple. The cattle milk was regarded to be fatter 

than breast milk and therefore it was better for the children. Cream was the very best to give 

to an infant in their own opinion. Cream and butter were tokens of success and became 

images of the most important food items in a poverty stricken Iceland. In hopes of doing the 

best for their children the adult women refused breastfeeding and thereby threatening 

biological reproduction due to the vast infant mortality (Hastrup 1992:96-99). 

 

In the beginning of the 19
th

 century strict rules were laid down for breastfeeding. An example 

of it was the four hour schedule. Children were to be breastfed at specific times and not when 

the infant wanted. This strict point of view had its roots in 18
th

 century western cultures, 

excluding Iceland (Hastrup 1992:94-96). In the 18
th

 century moral issues and new health 

policies spread within the health sciences. The aim with the morality and the policies was to 

end infectioneus diseases and to get a psychologically and physically healthier population 

through obedience and patience. Paediatrics became a medical science guided by rules and 

discipline. Traditions, poverty and crime became a thing of the past (Svensson & 

Nordgren1998:19 p, 20, Beausang 2003:106-107 p, 111). Childcare became a matter of the 

society and children were fostered when they still lay in their cribs (Svensson & Nordgren 

1998:20, Beausang 2003:106-107 p, 111). The 18
th

 century’s paediatric care became the base 

for the new sciences concerning the infant’s motions (Svensson & Nordgren 1998:19 p).   

  

In 1930 the hospitals regulated child delivery through rules and routines. The rules were 

enforced upon parents from the very beginning by separating mother and child after birth. 

Mothers saw their precious infant for twenty minutes, during feeding time. Even the amount 

of milk was regulated. Short feeding times resulted in that mothers got low milk production 

and therefore they were forced to give replacement foods made of cattle milk, water, sugar 

and salt (Svensson & Nordgren 1998:21 pp). Flour or oats was added to thicken the poor 

quality home-mixture. Eventually milk replacements were introduced by the industry in order 

to help the strained mothers with their feeding issues. The industry claimed that the 

replacements are just as good as the natural product, i.e. breast milk, but that was and still is 

not the case. The milk replacement is just the better alternative to the home mixture. Luckily 

new scientific research and new medical knowledge added more meals and lessened the 

mothers’ feeding burden (Svensson & Nordgren 1998:21-27).  

 

The path toward a good experienced breastfeeding was long and challenging;  

Six percent of the infants at six months of age were fully breastfed in the first half of 1970´s. 

Then it suddenly changed. A new found environmental awareness inspired people to eat 

healthy, natural products and the women took an interest for breastfeeding (Svensson & 

Nordgren 1998:24-25). Women/mothers wanted to give the best nutrient available for their 

infants but the change was not uncomplicated (Svensson & Nordgren 1998:25). The hospitals 

still regulated infant feeding. Mothers who dared to ignore hospital regulations and advice 

about infant feeding did not tell anything to the nurses working at the child health clinics. 

Idealistic organizations were formed by women who believed that breastfeeding without 

regulations are the best choice for mother and child. Those women had experienced how it 

was to breastfeed according to the hospitals advice and chose to seek knowledge outside the 

hospitals in order to ease breastfeeding (Svensson & Nordgren 1998:25-26).  
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They sought knowledge through taking notice to themselves and their infants, finding out how 

breastfeeding functioned in traditional cultures and through interviewing elder women 

(Svensson & Nordgren 1998:25 p).  

 

In 1980´s a term called “Rooming in” became incorporated in paediatric care and meant that 

the infant was allowed to stay in the same room as its mother after birth, during the 

hospitalization period (Svensson & Nordgren 1998:26). The feeding time routines became 

more questioned and the fathers’ role was overseen. The new adjustments gave positive 

response. The breastfeeding frequency increased and the interest for new knowledge gained. 

Paediatrics and others now understood due to new knowledge that an infant felt best by being 

with its mother all the time and that the mother should breastfeed when needed and when she 

wanted. Infants are after all social beings. They react to and interact with their surroundings 

(Svensson & Nordgren 1998:27). The women’s duty to breastfeed changed to the better from 

having the function of sheltering children from poverty, diseases and lack of hygiene during 

the 1700-th century to the late 1980´s idea of fostering a social individual (Svensson & 

Nordgren 1998:24-27). Medical and women´s circles highlighted childbirth phenomenon 

within the western cultures in the 1980´s, from which the breastfeeding issue was excluded. 

The focus on childbirth was imposed by the industrial Western USA. Hospital rules 

concerning breastfeeding were strictly followed by hospital personnel. It was more convenient 

to hand out rules than letting a mother interact with her infant, i.e. the rules hindered the 

mother from interpreting the infants’ natural behaviour. The hospitals worsened the 

breastfeeding problem and furthermore contradicting advice from personnel made 

breastfeeding hard for mother and child (Maher 1992:1 p).  

 

Neglect and misleading information from hospitals, male doctors and consultants led to 

decreased breastfeeding and increased bottle feeding in western cultures and USA. Mothers 

and infants were two separate fields of research and therefore treated differently (Maher 

1992:2). How was this possible? As mentioned earlier, breastfeeding became a part of a 

regulated, disciplined childcare service. Regulated feeding times gave infants a good start in 

life and the child was not to be picked up when it cried and the infant was not to be spoilt with 

too much attention (Svensson & Nordgren 1998:20-22). Regularity and distance were 

scientific terms and the main explanation for the regulations was that the infants’ digestion 

system handled regularity better and that the infants’ nervsystem benefitted from being alone 

most of the day (Svensson & Nordgren 1998:20-22).  

 

Despite all the rules an understanding of the importance of breast milk was reached. 

Paediatricians implemented new principles of child upbringing and the rules of breastfeeding 

were given to mothers at the hospitals and institutions. As stated before, the given principles 

resulted in that some mothers started to ignore given advice (Svensson & Nordgren 1998:21). 

Due to changes within child health clinical sciences breastfeeding was soon regarded to be the 

best feeding choice for infants but the trend became the very opposite, bottle-feeding. Mothers 

saw the hospital rules as complicated. And to maintain good milk production with the help of 

the new principles was difficult. Bottle-feeding was the easier alternative (Svensson & 

Nordgren 1998:22-23). An unexpected outcome for the women who bottle-fed was more free 

time outside, away from home and children. The bottle-feeding trend was the cause for a 

generation long forgotten breastfeeding knowledge, which earlier had been passed down for 

generations of women (Svensson & Nordgren 1998:23 pp). After some time the bottle-feeding 

trend planed out in favour for breast-feeding (Svensson & Nordgren 1998:28 p). 
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1996 every fifth child at the age of one was being breastfed according to Swedish statistics 

from that year. Some women in Sweden breastfed their children until they started school and 

often in secret due to social taboos (Svensson & Nordgren 1998:64 p) Children that are 

considered too old to be breastfed are supposed to eat solid foods but that was not and is still 

not the case in many other cultures and countries. In other cultures it is more accepted that 

children at age five still gets breastfed by its mother. The breastfeeding period in our western 

society takes place when the child is between four and six months old (Svensson & Nordgren 

1998:64 p, 126 p). In more traditional cultures, like the Muslim culture, the child is weaned at 

age two, which is the most natural and biological age for children to be breastfed (Maher 

1992:19 p). In those societies the rules regarding breastfeeding are laid down by men and by 

male dominated institutions. Countries which obey Muslim civil law regards that it is the 

women’s duty to feed her children and the length for breastfeeding, the conditions under 

which breastfeeding is done is determined by a male dominated legal system (Maher 1992:19 

pp).   

 

Blood kinship, marriage and milk kinship are the kinships mentioned in Islamic civil law. The 

Arabic and Persian word for milk kinship is al-rida’a, shiri and reza’i and develops when a 

woman outside a family suckles an infant other than her own. The bond between the suckling 

infant, the breastfeeding woman and her family is what creates the milk kinship. The 

breastfeeding mother becomes milk mother. The husband in the family owns the breast milk 

and is the milk father (Khatib-Chahidi 1992:109 p). The breastfed infant could be referred to 

as a milk child. The milk kinship involves prohibitions between the two involved families. 

The rules extend to all close related family members. The rules prevents the real father of the 

milk child to marry the milk mothers’ daughters, the milk father’s milk daughters or the milk 

mother’s milk daughters but the same rules permit an marriage between the milk child’s milk 

father and the milk child’s real sisters and the milk mother can marry the milk child’s real 

brothers (Khatib-Chahidi 1992:114 p).  

 

Milk kin do not inherit from each other and furthermore milk parents have no legal duty to 

maintain their milk children nor do they have any legal guardianship over the milk child 

(Khatib-Chahidi 1992:109 p). The milk mother has the equivalents to a wet nurse in cultures 

like the Islamic Shiite culture. Something similar to milk kinship existed in the Masai culture 

in East Africa. Once when a Masai tribe wanted peace with an enemy tribe something very 

significant was switched between them. The respective tribes exchanged cattle, a calf and 

babies. The enemy’s baby was suckled by a Masai woman and the enemy suckled a Masai 

baby in order to have peace between tribes. The Hindus of India does not recognize the milk 

tie in their law but the royal Raj-puts chose their children’s wet nurses from families which 

they had a milk kinship with (Khatib-Chahidi 1992:109-111 p).  

 

The breastfeeding culture in Sweden was heavily influenced by the medical establishments 

and by the baby food industry (Svensson & Nordgren 1998:11). Mother’s uncertainty and the 

misleading advice from doctors generated big profits for the baby food industry. Swedish 

mothers were often physically separated from their infants in hospitals and in homes young 

children were put early in their own beds and placed aside from social interactions, distancing 

mother and child (Svensson & Nordgren 1998:11 p). The breastfeeding period was stressful 

but today it is changed and closer to what it once was. A legacy from mothers in hunter-

gatherer societies is to breastfeed for a long time which is only natural. The milk binding 

hormone prolactine delay the menstruation and ovulation in women and breastfeeding is 

contraceptive if following criteria’s are fulfilled according to Kristin Svensson and Malin 

Nordgren (Svensson & Nordgren 1998:56 p): 
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1. The mother breastfeeds her infant fully six months with minimum six hours between 

feedings.  

2. The mother has not gotten back her menses.  

3. The child is under six months of age.  

 

If these criteria’s are fulfilled the risk for pregnancy is lower than 1-2%. The longer time that 

passes after delivery, the greater the risk for there is for pregnancy. This contraceptive method 

is called for Lactational Amenorrhea Method or LAM and has an efficiency of 92% 

(Svensson & Nordgren 1998:56 p). For how long a woman breastfeed her infant is today her 

and her infants’ choice. The composition of breast milk has been the same a long time and it 

does not become insufficient in any way. The infant feed the amount of milk which is 

sufficient for it by regulating the amount through suckling. If the child needs a lot of milk it 

suckles more and if it wants less it suckles less. In Sweden mothers’ breastfeed for four to six 

months and thereafter complements breastfeeding with food (Svensson & Nordgren 

1998:126-127). If there are allergies in the family the mother is recommended to fully 

breastfeed her child for six months or longer. Around eight months of age an infant should be 

introduced to solid foods. Mothers often choose to introduce solids at four months of age 

since they believe that the introduction becomes more difficult later on. The information is 

incorrect. The experiences of food introduction are mixed. It is stressful for mothers when 

their young refuse to eat other foods. The key factor is to read the child’s signals of when it is 

ready to try something new (Svensson & Nordgren 1998:126 p). The child tastes bits and 

pieces of different foods and takes what it wants to have. Small children mimic adult 

behaviour and introduction to food comes often naturally (Svensson & Nordgren 1998:64, 

127). 

3.2 The biological meaning and the physiological importance of Breastfeeding  

Everyone agrees today with the statement that breastfeeding is a good thing for the child and 

it gets most of the benefits from breastfeeding. But the very importance of breastfeeding is 

less talked about both when it comes to the emotional and the physiological effects of it. 

Those who work with breastfeeding mothers know that feeding experiences vary (Svensson & 

Nordgren 1998:53). The hormonal effects have been debated for years and have mostly been 

about whether women get affected from breastfeeding or not. The research background is the 

results from an emotional status and behaviour study in breastfeeding women who 

experienced changes in their hormonal balance. The debate environment verses biology is still 

going on. Both biology and environment are significant and interact with each other in 

complicated ways (Svensson & Nordgren 1998:53 p). If a woman’s physical health can be 

affected by breastfeeding is today less debated, even if results are not conclusive. Although it 

is clear and shown by scientific results that women are generally healthier and the risk for 

some types of cancer, (breast cancer and ovary cancer) decrease due to breastfeeding 

(Svensson & Nordgren 1998:53). The cancer risk is linked with the length of breastfeeding. 

The longer a woman breastfeed the lower the cancer risk is. Another effect of breastfeeding is 

weight loss when breastfeeding six months or longer (Svensson & Nordgren 1998:57).  

The composition of breast milk is perfect for an infant and contains all that it needs the six 

first months. Cholostrum milk or raw breast milk contain more antibodies and protein than the 

“mature” breast milk does after the six month period. Cholostrum milk is the only thing a 

normal sized infant needs. Cholostrum milk is easy to digest and prevents against 

physiological jaundice that infants often get during their first year (Svensson & Nordgren 

1998:57). Every mother’s milk is adjusted to their infant. If a child is born too early the breast 

milk will be more nutritious than the breast milk in mothers with infants who are born after 

nine months. The early born infant’s mother has breast milk that is easier to digest, contains 
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extra antibodies and other substances that it needs in order to grow. Furthermore the early 

born infant suckles more often than normal (Svensson & Nordgren 1998:57).  

 

There are differences between human breast milk and cattle milk. Breast milk has a particular 

lactose compound which protects the infant against bacteria and works as laxative. Breast 

milk has less protein than cattle milk. Infants grow slowly but develop a large brain, thus the 

infant brain demand more lactose sugar than a calf’s´ brain (Svensson & Nordgren 1998:57 

p). Cattle milk is more salty and would damage the infants’ kidneys. The human milk is less 

salty which the infant handles better. The iron content is low in both milk types but the iron 

existing in breast milk is easier and more efficiently taken up by the infants’ metabolism and 

the mineral content and vitamins in breast milk is sufficient the first six months where after an 

introduction to other foods can be made (Svensson & Nordgren 1998:57 p). The composition 

of breast milk stays the same during several years with a small tendency for higher amount of 

protein when the infant is older. During the second half of the infants first year breast milk 

serves as a good basic food type. It is a complement to more solid foods. Later, breast milk is 

a valuable complement both as nutrition and as a protection against infections. The antibodies 

in breast milk protect against diseases like: diarrhoea, influenza, ear-infections, and different 

allergies, and helps the infant’s immune system to build up its own antibodies against 

different diseases. Furthermore the fatty acids in the breast milk are comparable to fatty acids 

found in human cellmembrains in the central nervsystem. That is the reason for why breast 

feeding is so good; it has a positive effect on the brains development, including eye sight 

(Svensson & Nordgren 1998:57-59 pp).  

4. The site 

4.1 Smörkullen 

During the Roman Iron Age there were settlements surrounding the burial site with three or 

four homesteads or small village groupings which in modern times was excavated 1900 and 

1922, through sixteen seasons. The archaeologists who excavated the site the first three years 

were G. Adlerz, Oscar Almgren and Ture Jonsson Arne. The excavations were rescue 

operations since skeletal findings hindered the railway construction (Browall 2003:109–111, 

Borgström 1973:3). The site was mainly active during the Roman Iron age but the sites 

history first starts in the pre-Roman Iron Age. Excavations revealed two hundred-eighty 

graves and forty-two remains from various constructions (Browall 2003:110 p, Borgström 

1973: 18-20).  

 

The graves contained cremated and inhumated remains and it is uncertain of how many 

graves existed at the site since some of the construction remains on the site could have been 

graves, and many other graves had been ploughed away due to land exploitation. There may 

have been up to 680-700 graves in total (see figure 2, p. 12). The number of graves is an 

estimation based on the calculation of an assessment on the total population (1 grave/ 24 m
2
) 

and the approximate size of the area (18.0000 m
2
) as it once could have been (Browall 

2003:110 p, Borgström 1973:18-20). The excavated constructions gave an insight of how 

Smörkullen became an important burial site and settlement. Of the three, four rural village 

groupings possibly only two village groupings Alvastra (Kungsgården) and Broby (Stora 

Broby) were of more importance for the development of the burial site and later settlement. 

The two village groupings had possibly a chieftain each and it is believed by Browall that the 

two settlements initially shared Smörkullen as a burial place (Browall 2003:111-112). 

Eventually the Smörkullen burial site was built upon. One building that existed is stated to be 

of cultic or religious significance, i.e. a cultic house (Browall 2003:106-109 pp).  
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Figure 2. This map shows the total extent 

of the burial site at Smörkullen. Every 

black marking is a grave. (Map modified 

after Harriet Borgström 1973). 
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4.2 Burial objects and status  

Some fifty agricultural tools (sickle, arched knife, knife, iron hatchet, fire tongs, awl, 

whetstone, rivets) and jewels (fibula, metal fittings, chain and a ring of bronze and play marks 

of milk glass) were found among the cremations and functioned as grave offerings and as 

status indicators. All burial objects were divided into twenty-two different categories. The 

cremations were dated to pre-Roman Iron Age and to the elder part of Roman Iron Age 

(Browall 2003:96-98). An ideological shift led to that cremation was abandoned as a burial 

custom and to an importance to relate the buried individuals to their status and social 

functions. Graves containing inhumations demonstrate thirteen additional objects apart from 

the customary objects. Forty percent of the inhumations had a burial offering of some kind 

and the set of objects were approximately the same as for the cremations. The estimated 

amount of objects from inhumation was two-hundred-fifteen that divide into thirty object 

categories (Browall 2003:102 p-104).  

 

Luxury objects and ordinary objects that individuals owned when they lived followed them to 

the afterlife. Ordinary objects such as keys, scissors, iron chain, bone needles could be buried 

with the individual in purpose to reflect their daily life while one bladed swords, iron 

arrowheads from spears and pieces from shields, coloured play marks of milk glass (grave 18, 

plundered) from the Rhine area and geese bones are of more exclusive character. According 

to Browall the objects characterize status (Browall 2003:109 pp). Two inhumations of 

children were buried with what could be categorized as ordinary burial objects i.e. key, metal 

fitting and a knife. The individual, who was buried in the plundered grave number 18 with 

coloured play marks of milk glass, had perhaps a significant role in the society when he lived. 

It is believed that the grave was for an important person-a man who was the head of a clan 

(Browall 2003; 109-112, Borgström 1973).  

 

The armoury items; spears, shields and swords found in graves express worried times and the 

need of protection from enemies outside their society boundaries. The weaponry show the 

authority of the individuals who lay buried with them and gives an impression of conflicts 

during early Roman Iron Age-late Roman Iron Age (Browall 2003:110). Two complete 

weaponry graves per generation indicate two equivalent population units lead by a chief each 

from early Roman Iron Age and onward (Browall 2003:111). Findings from burials at 

Smörkullen might indicate that some people lived in serfdom in the plausible settlements at 

Alvastra and Broby (Browall 2003:111). How serfs in Alvastra and Broby settlements lived is 

not known but according to Tacitus serfs in general had more rights in Germanic societies 

than in the Roman society (Önnerfors 1961:67-69, 91). Tacitus also wrote about the children 

in the Germanic societies. He wrote that children in Germanic societies grew up among 

animals and slaves. There was no difference between a child to a slave or to a freed woman 

until their social status separated them apart. Naked and dirty the children were breastfed by 

their own mother and not by wet nurses or other female servants. Nephews had the same 

status in is his uncles’ house as he had in his fathers. The blood tie between uncle and nephew 

was holy due to the fact that a nephew represented the entire family linage in hostage 

situations. There existed no testimonies or wills and childlessness was no blessing (Önnerfors 

1961: 61-63. Cap. 20-21). 
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4.3 Trade and signs of migration 

The people who lived at Smörkullen could have been good skin carvers and perhaps good on 

handling with textiles since a large amount of needles, crum knives and awls have been found 

there. It is mentioned by Browall that they specialized on skin handling and trading. The 

people traded with the Baltic regions, southern and western regions (Weichsel, Preussen, 

Pommern, Holstein, and Mecklenburg) and with the roman provinces. Some of the traded 

goods have been found in excavated graves. Further it is argued that exclusive objects mark a 

need for individualization and status (Browall 2003:106-109). The people probably traded 

pelts for fibulas incrusted with enamel, banded fibulas and fine garment pins. These luxurious 

objects were rare and exclusive gifts given during trade to compensate the amount of hides 

(Browall 2003:108-109). One very special rhomb shaped bronze needle found in Smörkullen 

is interpreted to be a sign of status. Totally thirteen rhomb shaped needles have been found in 

Sweden. Twelve rhomb shaped bronze needles have been found in Västergötland but one 

needle of rhomb shaped sort was found in Smörkullen, Östergötland and must have belonged 

to a person with high social standing. The person was a female and perhaps married into the 

society. Was she an immigrant? Or perhaps a man married a woman from the Smörkullen 

society and brought the status objects with him? Maybe the woman got a very nice gift from 

her husband gained from trade with foreign tribes? There are numerous possibilities of how 

the rhomb shaped needle came to Smörkullen and the burial site (Browall 2003:109-110). The 

needle functioned most likely as a hair piece and is regarded to be an indication of an ethnical 

belonging to the west Germania in the Rhine area. The needle is dated to the early Roman 

Iron Age (Browall 2003:109 p). The hair needle can indicate migration of a female adult 

individual and a possible scenario is that she did not come alone. Did she come with her 

family, including her children? 

4.4 The faunal material and possible cultural believes 

What faunal material was found and what religious believe did the children grow up with? 

What possible foods were the children given by the adults? And what isotopic traces can be 

related to the faunal material? Animal bone materials from different species were found at 

Smörkullen burial site. The animal species are cattle (Bos taurus), pig/boar (Sus scrofa), horse 

(Equus), sheep/goat (Ovis aries/Capra hircus), cat (Felis), dog (Canis familiaris), goose 

(Anser aves sp.), chicken/ chicken (Gallus aves sp.) (http://www.nordiq.net/djurord/090425). 

Also a marten (mustelidae), a rodent and fish bones (Liebe-Harkort O. M. 090428) were 

found at the burial site. Fish is underrepresented in the fauna material and pig/boar and the 

like are possibly over-represented in the faunal material. The two wild animal species, rodent 

and marten, can belong to the burial site context in terms of offerings but it is more lightly 

that they are more recent. The presence of tame animal species is dominate the faunal 

remains, despite being used for food they were possibly also used in various other ways e.g. 

ploughing fields, hunting companions or keeping off rats from food storages. 

 

What practical and religious means did the animals have? Animals like the dog and cat could 

perhaps have been useful in different kind of hunts. The dog maybe helped in hunting down 

wild animals such as wild boar and/or elk. Domestic boar/pigs could have been slaughtered 

for feasts or kept in pens for its meat. Goats/sheep could have been herded on the pastoral 

landscape and kept for wool, milk and meat. I propose that geese maybe were kept for eggs 

and meat like the chickens and that the cattle had many other good qualities other than giving 

hides. Cattle gave perhaps milk of which it was possible to make butter and cream. Milk 

could plausibly be used in food cooking. Cattle gave also a lot of meat. Perhaps inhabitants 

sacrificed a large amount of meat at burial rituals which later was shared between them in 

honouring the deceased (Browall 2003). Tacitus writes in one text passage in “Germania” that 

Germanic peoples ate wild berries, newly killed game (boar?) and drank thick milk (possibly 

cream?) (Önnerfors 1961:67,cap: 23). As stated in the earlier chapter cattle hides could have 
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been traded for other items (Browall 2003) like broaches, perhaps even for pottery, iron 

objects and much more. The faunal report does not show what type of cattle existed. Horses 

were perhaps important in Germanic tribes and used in wars against invading Romans 

(Önnerfors 1961:47, 71 cap: 10, 27). Maybe horses also possessed religious qualities valuable 

enough for being sacrificed in rituals held for departed individuals (Browall 2003, Önnerfors 

1961:47, 71 cap: 10, 27). Cattles and horses were also used as payment for petty crimes in 

Germanic societies (Önnerfors 1961:49 cap: 12). Animals that followed the departed in death 

were perhaps regarded as metaphors for the living animals embodying all their abilities (Räf 

2001). An animal had the function of food, protector, pets, slaughter animals/animal-sacrifice 

or helpers (Räf 2001:38). It seems that different animals had different properties (Räf 

2001:38).  

 

Animal species of “pet” category has been found at Smörkullen (Browall 2003:106-109). The 

animal species is cat. Cats and bird of prey were personal animals and were put whole in the 

grave (Räf 2001: 38 p). Cats are mainly status animals (Räf 2001: 38 p) and possibly kept 

near households since it chased mice and rodents away from stocked foods. Sometimes horses 

partly belong to the pet category, especially when all its belongings are found with it in 

graves. Pets could be inherited between people and afterwards be put in a grave with their 

new owner (Räf 2001:38 p). Slaughter animals could be of any animal species and was put in 

graves whole and/or in parts. Protector animals were to keep the grave undisturbed and to 

protect the living. The species belonging to the protector category are dog, bigger predator 

animals, geese and rooster. All animal parts contributed to the protection of the dead 

individual and were placed near the body (Räf 2001: 38 p).  Two young children were buried 

with animal bones (Borgström 1973: p. 24 p, appendix) but the animal species are unknown 

but if I would guess is plausible that the animal species buried together with the two children 

could be chicken/geese or dog and fish.   

 

A few clay shards and numerous small chip boxes located near the dead individual, originated 

from the inhumation graves, is believed to symbolize the given food and the dead were meant 

to take it with them to the afterlife and it is possible to think that a ceremony of religious 

importance was given for them in connection with their burial (Borgström 1973: appendix, 

Browall 2003:106-109). Browall argues that food was probably shared between the 

population members. It is seen upon as an act of religious belief and a shared ritual for the 

diseased. Even whole animals (cattle, horses) have been found and are mainly interpreted as 

animal offerings (Browall 2003: 106-109, Räf 2001:38 p). Food animals were shared as food 

among the living at ceremonies held for the departed and later put in the graves. Sheep/goat, 

bovine, boar/pig, chicken, geese, birds, fish and small wild animals are within the food 

category (Räf 2001:38 p). The animal bones were placed inside or next to a vessel which was 

then put near the deceased individual together with a knife (Borgström 1973: appendix, 

Browall 2003:106-109, Räf 2001: 38 p). Animal bones found in disturbed inhumation graves 

could be from secondary meals (Räf 2001:38 p). This very scenario could be an explanation 

for the existence for the knife object and the chip boxes found in some of the children’s 

graves in Smörkullen (Browall 2003:106-109). Bones from food animals are often burnt-

cremated (Räf 2001:38 p). 
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At the site were remains of a construction interpreted as a cult or religious building (Browall 

2003:106-109). If there really excited a cult building it could be argued that the people who 

lived there used it for cult rites or ceremonies. The name of this site, Smörkullen, is associated 

with other similar religious or sacred places located in Sweden and Denmark and is likely to 

represent the sites main function, to be a burial place (Browall 2003:106-109).  

5. Carbon, sulphur and nitrogen stable isotope analysis 

5.1 The importance of bone and teeth in dietary reconstruction 

Age determination with the help of teeth is the most useful tool available and is used within 

forensic medicine. Age determination is complicated when skeletal remains have been 

subjected to fire or decomposition and in such cases the preserved teeth will be the only way 

for assessing age (Yasar Iscan 1989:214). It is often helpful to classify the different age 

periods and estimated age with the help of teeth. Teeth have distinct stages of formation and 

mineralization which correspond to certain age periods and the stages represent chronological 

age more than skeletal age for an individual (Yasar Iscan 1989:214). There are variations in 

timing of tooth eruptions which have to do with the individuals’ ethnicity and gender. It is 

noticed that age markers of this type needs to be related to the occlusal plane and to the bone 

surfaces of the jaws (Hillson 1986:177, 181).  

 

Regular development stages occur in most individuals irrespective of their actual timing. The 

development stages are usually directly comparable. The individuals actual age attached to the 

tooth development is however more uncertain (Hillson 1986:181). A child’s dental age is an 

expression of the development and eruption of his/her dentition. Teeth and the skeleton 

develop in different ways and dental age does not automatically show any relation to the 

skeletal age or to the chronological age and ages determined from archaeological material are 

always dental or skeletal ages. Deciduous teeth are formed in the prenatal period. Anterior 

teeth start earlier than molars. At birth, incisor crowns are two thirds complete, canines to 

one-third. The occlusal surfaces of first deciduous molars and cusps of second deciduous 

molars are also present. By the end of the child’s first year all deciduous crowns are complete 

and ready to be used (Hillson 1986:188).  

 

The third permanent molars are formed between ages seven and ten. Tooth crowns from a 

young individual can be the only thing that survives through time and therefore more 

frequently found at an archaeological site (Hillson 1986:188). Teeth are made up by dentine, 

enamel and cement. The enamel is a sheltering casing around the dentine, while the tooth’s 

root is protected by the cement (see figure 3, p. 17). Enamel is mostly an inorganic material 

called hydroxiapatite. The dentine chemical properties are those of bone and dentine is 

metabolically inert. Teeth have no collagen turnover, which therefore yield in fixed isotopic 

compositions at the time for tooth formation which is the reason for why teeth are applied in 

studies on diet and breastfeeding patterns (Sealy et al 1995:290 p, Cox & Sealy 1997, Hillson 

1986:107, 110-111 pp).  
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Inorganic hydroxiapatite and organic collagen is what bone is made of. The turnover in bone 

components happens through an individual’s whole life. But the turnover for collagen, a 

protein in the bone, is debated. It is believed that bones have a time range for collagen 

turnover between five and twenty years and depends on an individual’s metabolism and 

biological age. The turnover is faster in young individuals than in elder. Furthermore the 

turnover slows down with age. To be certain of what a tissue represents in isotopic analysis it 

is good to count with some growth in the bone element. The bone element is being analyzed 

due to the fact that newly produced tissue does not show the diet the individual had at the 

given moment in time in which the archaeologist is interested in (Schoeninger & Moore 

1992:247-296, van Klinken 1999:687). Different bone components represent different diets. 

Nitrogen is present in the organic and in the inorganic part of the bone that contains protein 

and can therefore be used in analyses. But different results can be expected, even collagen and 

hydroxiapatite yields in different information about an individual’s diet. Collagen is a protein 

with the characteristic fusion of amino acids with 3% glycine. Collagen, built up by protein, 

represents the dietary protein originated from different foods (Schoeninger & Moore 

1992:247-296). Collagen differs from degrading material in terms of dietary analysis (van 

Klinken 1999:687).  

5.2 Carbon, sulphur and nitrogen stable isotopes 

An isotope is a form of an atom containing the same number of protons as a stable atom of the 

same element but differ in number of neutrons and therefore having a dissimilar atomic mass. 

The variation in atomic weight causes isotopic fractionations. The unified atomic mass unit is 

called one Dalton (Da).One kilo Dalton is 1000 amu (Brown et al 1988:172 p). Carbon has 

two stable (
12

C
 
and 

13 
C) and one radioactive isotope (

14
C) and nitrogen has two stable 

isotopes; 
14

N and 
15

N (Pollard & Heron 1996:357 pp). Carbon is brought in the biological 

systems through the photosynthesis process in plants. There are three natural carbon isotopes 

that diverge as 98.89% for 
12 

C, 1.11%, for 
13

C and 1.2
-10 

for 
14

C. Plants at land have the 

atmosphere as their main source of carbon where the δ
13

C value is about -7 %. Marine plants 

have different sources for carbon. The carbon substance Detrius, is washed out from land to 

the ocean through rivers, atmospheric CO2 and unbound CO2 have a δ
13

C value of 0 %. 

Fractionation happens whenCO2 from the atmosphere solves in water. Marine plants have 

because of the fractionation a great variation in its δ
13

C value, which overlaps the terrestrial 

plants values. The opposite scenario occurs also. Carbon fractions happens by three very 

Figure 3. A tooth with its main 

components: dentine, enamel and cement 

(Hillson 1986:152). 
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different photosynthesis systems in plants; C3, C4 and CAM. All photosynthesis systems give 

different δ
13

C values. Some important food plants that have the C4 photosynthesis system are 

maize, durra and mill. The CAM plants are pineapple, agave and opuntia. C4 photosynthesis 

food studies have been carried out in North America (Schoeniger & Moore 1992:247-296). 

There are differences in carbon fractioning due to the variations in physiological processes 

occurring in body tissues (Pate 1994:171-178). Fat, collagen and carbon hydrates have 

different δ
13

C values within an individual and fat has five percent more negative value than 

collagen. There isn’t any difference in carbon fractionation between female or male 

individuals (Pate 1994:171-178, DeNiro & Schoeniger 1983:199-203). An individual’s diet is 

interpreted from end-values, which by the δ
13

C relates to a value in an individual who only 

consumes proteins from terrestrial, marine or freshwater environments. The variations in the 

different photosynthesis systems are excluded, which is the reason for why the values vary 

depending on the diets ecological origin. A marine end-value is related to the salinity 

variations in different locals. In the Baltic Sea region where humans mostly eats marine 

protein the δ
13

C value vary between -14‰ and -15‰ (Schoeniger & Moore 1992:247-296).  

 

For the diet interpretation it is important to have reference samples taken from various animal 

species that are contemporary and from the same local as the human material. Nitrogen 

isotopes are distributed as 99.64% of 
14

N and 0.36% 
15

N. Most of the nitrogen is in the 

atmosphere and oceans in form of nitrogen gas. Nitrogen enters the biological system through 

the plants roots in form of nitrates or ammonium or through nitrogen fixating bacteria which 

lives in symbiosis with leguminous plants. Nitrogen fixating plants with bacteria have a 

nitrogen value similar to the atmospheric nitrogen value (DeNiro & Schoeniger 1983:199-

203). Plants that absorb nitrates or ammonium have a higher value than the atmospheric 

nitrogen value of 0 ‰. Nitrogen fractions in the food chains all steps regardless to if it is of 

marine or of terrestrial origin. Every point up in trophic level gives a 3 ‰ higher δ 
15

 N-value, 

which indicates that leguminous plants, or the like, have a δ 
15

 N-value close to 0 ‰. 

Organisms that live of those green plants have 3 ‰ higher δ 
15

 N-value. Food chains in 

marine environments have high end-values in nitrogen than the terrestrial. Seals have a δ 
15

 N-

value of 18 ‰ and Inuit’s on Greenland has a δ 
15

 N-value of 20 ‰. As do freshwater fish. 

Predators that ate terrestrial prey have a δ 
15

 N-value between 10-12 ‰. Nitrogen fractions 

happen through physiological processes within an organism, which can give diverging δ 
15

 N-

value. Organisms that have to withstand drought avoids urinating and therefore yielding 

higher δ 
15

 N-value due to the fact that they need to manage excess nitrogen. Other 

adaptations that affect the δ 
15

 N-value are hibernation and starvation. Breastfeeding yields a 

higher nitrogen value in an individual. A child is weaned by its mother and gets therefore a 3 

‰ higher δ 
15

 N-value. Breastfeeding yields high δ 
15

 N-values and breastfeeding lowers δ 
15

 

N-values over time (Schoeninger et al 2000: 117-141, Schurr 1997:919-927). That is why 

models are use for describing changes in the δ 
15

 N‰-value over time (Schurr 1997: 924).  

 

The pace of the isotopic change during breastfeeding slows down which results in reduced 

growth rate after the infant stage and the gradual breastfeeding (Schurr 1997:925). Sulphur 

isotopes fractions are: ninety percent of 
32 

S and zero point seventy five percent 
33 

S, four 

point twenty-two percent 
34 

S and zero point zero-fourteen percent 
36 

S in nature. The 

variations are due to two processes; the translation of sulphur to sulphite through anaerobic 

bacteria and exchange reactions where 
34 

S concentrates into unions with high oxidation 

numeral for sulphur. δ 
34 

S values for sulphates vary between 4–40 ‰ with a median around 

20 ‰ in ocean water. On land the δ
34 

S values for sulphates vary between + 7 and – 7 ‰ in 

magnetic rocks and between + 50 ‰ and – 45 ‰ in sedimentary layers. The δ
34 

S in marine 

environment are higher than in terrestrial (Richards et al 2001:185-190). There is no 

fractionation in trophine levels in sulphur which is why isotopic quote in skeletal material can 
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be connected to the local geological sulphur values. Sulphur enters the biological system 

through plants intake of sulphate ions and builds up protein. The variations of sulphur depend 

on local geology which is why it is good to have faunal reference material from the same 

period and local as the humane material. The animal species should also have known diet and 

be from a known ecology (Richards et al 2001:185-190).  

5.3 Collagen extraction method 

The modified Longin method (Brown et al 1988) is based on carbon and nitrogen stable 

isotope analyses and is used when it comes to determine dietary habits and/or breastfeeding 

patterns. The first step before the analysis is to select material; bone and teeth elements from 

which the samples are taken. All samples needs to have an individual marking so that they do 

not get mixed up between extraction moments. The next step is sampling. This procedure is 

best conducted with a dentist’s drill. The bone or tooth powder from the drilling contains 

collagen, an organic fibrous protein and inorganic hydroxiapatite (Hillson 1986:111, 113). 

The amount of powder is 50-150 mg from each sample. About 12-16 samples were needed for 

one batch. 

Totally one hundred and four samples were taken. The different extraction moments are the 

following:  

 

 The bone/teeth powder is emptied into a glass funnel. The lipids, non-collagen 

proteins, (inorganic) hydroxyapatite and other contaminations in the sample are 

separated from the organic material. Contaminations can affect the accuracy of the 

analysis. 

 About 15 ml of 0, 25 M HCl solvent is added to the powder. The glass funnel with the 

solvent is then sealed with a foil cap for two days during which the bone powder gets 

demineralised (Brown et al 1988:171-173). The sample solves itself into part liquid 

(the inorganic hydroxiapatite, contaminations and HCl solvent) and part bone/tooth 

material containing the organic collagen.  

 The liquid with contaminations and inorganic material is removed from all the 

samples through filtration. About 15 ml of 0, 01 M HCl solvent is added in order to 

extract the collagen from the bone/tooth residue. The samples are covered with rubber 

bungs and heated in an oven at + 58 degrees Celsius over night (16 hr) (Brown 

1988:171-173). The organic material gets dissolved and the collagen is extracted. 

 The third and final moment begins when the samples are emptied into ultra filters. The 

collagen in the ultra filters gets filtered in a centrifuge for 15 minutes. Particles smaller 

than 30 kDa are parted from the samples and particles over 30 kDa are left in the 

samples when filtered. The sample-substance in the filter, which is the collagen, gets 

pipette into small, labelled plastic tubes. All collagen samples are put in a -80 degrees 

Celsius freezer for minimum three hours. After this step the collagen is ready to be 

freeze dried and analyzed (see cap: 5.4 for Masspectrometry) (Brown et al 1988:171-

173). These moments/procedures described are repeated for every batch of samples 

and/or single samples needed. 

5.4 Masspectrometry 

The principle of mass spectrometry is that electrically charged atoms and molecules that pass 

an externally imposed magnetic/electric field get separated according to their masses and 

charge ratio. The isotopes of an element have different atomic masses and the fractions of the 

isotopes are therefore used for measurement of an element. The collagen in a sample gets 

vaporized through combustion and injected into a vacuum system where the matter is 

bombarded by an electron beam. The sample gets ionized. Positively charged particles give a 

fixed energy through acceleration before being transferred into the mass spectrometry in form 
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of an ion beam. The ion beam passes a bent, uniform magnetic field that deflects ions. The 

degree of deflection depends on the ion mass. Heavy ions deflect less than lighter ions. The 

deflected ions reach a collector system where the magnitudes of ions within the different 

deflection degrees are monitored (Pollard & Heron 1996:61 p). Approximately 0.5-1.0 mg 

collagen was analyzed from each sample and about three samples were taken per individual. 

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 δ
13

C 

and 0.2‰ for δ
15

N. For stable sulphur isotope analysis the samples were combusted with a 

Carlo Erba NC2500 analyzer connected via a split interface to reduce the gas volume to a 

Finnigan MAT Delta+ mass spectrometer at the Dept. of Geology and Geochemistry, 

Stockholm University. From these measurements the reproducibility was calculated to be 

better than 0.2‰ for δ
34

S. 

5.5 Diagenesis and collagen preservation 

The problem with dietary reconstruction, based on bone chemical analysis, is that it is hard to 

know if the information derived from the analysis results are original. The uncertainty is 

called diagenesis, a term for whether a bone element has gone through changes due to 

degradation. Diagenesis is known to be chemical, physical or biological changes which 

disturb the original isotopic signature. The processes are not a function of age (DeNiro 

1985:808). Diverse levels of degrading effects different proteins in the organic part of the 

bone. Non collagen proteins can be in bone for long time after the collagen has degraded. The 

phenomenon is explained with that the non collagen protein (NCP) absorbs to hydroxiapatite 

in the inorganic part of the bone. Dentine is better preserved than collagen thanks to the 

enamels protective layer (Schoeninger & Moore 1992:247-296). Compact bone has the best 

preserved collagen and heated bone material have altered isotopic signatures. Only unburnt 

bone material are suitable for stable isotopic analysis (DeNiro 1985:808).To find out if 

collagen has gone through chemical changes one can measure the proteins carbon/nitrogen 

quote. The value derived from the quote is given when isotopic analyses are being conducted. 

The model value for intact collagen is 2.9-3.6 (Schoeninger &Moore 1992:247-296, 

Schoeninger et al 2000:117-141).  

5.6 Collagen quality indicators and methodological concerns 

Many steps can be taken for being sure that the collagen selected for analysis is well 

preserved. It is important to do a control over the carbon and nitrogen concentrations, the 

C/N-ratio and the collagen yield. The information about the collagen quality is gained during 

the extraction and measurement processes. The visual appearance of the collagen is also 

significant. Good quality collagen looks like white cotton in its structure. An acceptable 

collagen sample yields 1-3.5% varv of the total weight. The C and N-ratio is a second quality 

indicator of good collagen. An acceptable range should lay around 2. 9-3. 6% if the sample is 

considered to be free from contaminants (van Klinken 1999:689, Ambrose 1990:447, DeNiro 

1985). Altered carbon and nitrogen concentrations in collagen, fall automatically outside the 

range of 5.5 and 17.3% for nitrogen and 15.3- 47% for carbon (Ambrose 1990:441). The 

method does have problems. The breastfeeding age of interest is earlier than the “deducted” 

breastfeeding-age, which shows in the curve created by the isotopic values (Eriksson 

2003:17).  

 

It means that there occurs a time gap between the intake of a certain food and the 

incorporation of the stable isotopic value into the skeletal tissue due to collagen turnover 

(Eriksson 2003:17). The collagen turnover in bone and the isotope ratios obtained corresponds 

to an average for several years prior to death but the isotope ratio obtained from teeth 
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represent a specific period and age in life (Lidén et al 2003: paper 1, p. 1 p). The problems are 

not unsolvable and can be helped by single actions. Food taboos and lactation can possibly 

cause diverging stable isotope marks from what is expected. Another issue is that the 

deciduous teeth are shed in early childhood and replaced with permanent teeth. The very first 

record of the individuals’ diet is lost for us when the individual grows, but if the material is 

good perhaps a small bit of the early record could be found in the first molars (Eriksson 

2003:17-18). The isotopic record of collagen represents protein input rather than whole diet 

which can give an over-representation in the isotopic data of protein-rich food sources in 

mixed economies. Such an over-representation occurs when land derived food sources include 

a significant non-protein component, as opposed to marine food sources. If the two 

components are equally proportioned in an individual’s diet, the isotopic signature will 

indicate a mainly marine-based subsistence (van Klinken et al 2000:50 p). Ingested protein is 

incorporated into collagen, and the δ
13

C value in the protein is therefore enriched to a varied 

degree. The difference is 5% in large animals and the enrichment varies within different 

tissues and in the different tissue compounds (Sealy 2001:271, Ambrose & Norr 1993:4 p). 

Existing contaminants in a sample can affect the accuracy of isotopic data (Brown 1988).  

 

In order to remove contaminants from the selected material it was ultrasonically cleansed and 

the outermost layers of the bone and tooth surface was removed before sampling. The 

laboratory work was carried out with the contamination risk in mind. Ultra filtration of the 

collagen removed contaminating particles and the criteria for good quality collagen were 

controlled. Diverse skeletal elements from each individual were chosen for analyses because 

different parts of the body yield diverging isotopic signatures due to the different turnover 

rates in them (Lidén & Angerbjörn 1999). The δ
13

C values in atmospheric CO2 have varied 

with climate changes and caused similar variations in plant δ
13

C (van Klinken et al 1994). The 

δ
13

C in C3 plants are sensitive to micro-environmental changes, which is a reason for local 

differences from the assumed dietary end-values (Ambrose & Norr 1993:3 p). It is important 

to establish local stable isotope ecology through faunal material of the same site and period as 

the source material, especially for the Baltic Sea region (Eriksson 2003, Eriksson & Lidén 

2002). Baselines can be drawn from animal isotopic signatures on sites where the faunal 

materials are present. With the isotopic data, from consumed animals, expectancy values for 

individuals with specific diets can be anticipated (Eriksson 2004:153 p, Eriksson & Lidén 

2002:6, DeNiro 1987).  

6. Selected samples 

6.1 Tooth and bone formation in children 

To estimate age in underdeveloped skeletons requires an establishment of the individual´s 

physiological age and a chronological age of death (Ubelaker 1989:55). As mentioned the 

accuracy depends on gender and on the population variability in the aging process. The 

physiological age is assessed from the appearance and union of epiphyses, bone size and 

formation, eruption and loss of deciduous teeth. Bone size provides useful information on the 

estimated age of death. The approach suits well when determining age for young individuals 

or infants since teeth are easily lost and /or broken. But anyone estimating a skeleton from a 

fetus or newborn should be aware of that skeletal size at birth varies within and among 

populations and is influenced by dietary and/or disease factors (Ubelaker 1989:56 pp). Data 

from bone studies show that union of epiphyses occurs earlier in females than in males and 

therefore gender could be determined through studies of them. Several years pass between the 

beginning and closure of an epiphysis (Ubelaker 1989:55 pp) and mainly happen during the 

teenage years (Johnston & Zimmer 1989:15 p). But there are some skeletal markers that 

absolutely can be used for determining age of infants and young children. The union of left 
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and right halves of the mandible occurs in the first year of a child’s life. The tympanic plate 

develops from the formation of the tympanic ring in stages which culminates in the fusion of 

the temporal bone (see figure 4 for skeletal elements). The information is mainly used when 

sorting out foetuses from neonates (Johnston & Zimmer 1989:15 p).  

 

 
 

Humans develop twenty deciduous teeth and thirty-two permanent teeth during their lifetime 

(Bramblett & Steele 1994:70, see figure 5). Teeth erupt at different ages and result in various 

teething stages/dentition stages (Hillson 1986:194). The premolars p3, p
3
, p4, p

4
 are 

homologue with other mammals third and fourth molars. The third molars erupt sometime 

before age 18. Deciduous teeth are first to be exposed and are used for short time (Bramblett 

& Steele 1994:70, Brace et al 1987:705 pp, Sciulli 1977:78). The very first deciduous teeth 

develop four months after birth. Mixed dentition occurs after age of six and permanent teeth 

develop after ten years of age (Hillson 1986: 188-194, see figure 5). 

 

         

Figure 4. The different skeletal elements 

in an adult human shown from the front 

and side (Bass 1987:3).  

Figure 5. Deciduous 

teeth to the left and 

permanent teeth to 

the right (modified 

after Brand et al 

2003:43).  
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6.2 The selected human samples 

The human material for the stable carbon, nitrogen and sulphur analysis is selected by 

Osteologist Carola Liebe-Harkort at Osteological Research Laboratory at Stockholm 

University. The material consists of thirty four individuals and is children of ages 0 and 15. 

The samples I take from the thirty four individuals are given labels/ numbers apart from the 

grave or individual numbers (see table 1). The children/individuals have not been sex 

determined since the gender bearing markings are not visible in children. They are therefore 

“sex neutral” (Liebe-Harkort O.M. 2009). The bone material are in good condition but are a 

bit dry and spongius which in some cases makes it hard to get enough powder for the stable 

carbon, nitrogen and sulphur isotopic analysis. Bone elements i.e. femurs, ulna, fibula, radius, 

tibia, humurus and mandible are chosen for the diet reconstruction. Two bone elements 

(femurs) from young adults have an aroma that sets them apart from the others. The smell is 

of a sweet and burnt character and existed before I started drilling upon them. Smaller sized 

bone samples (fibula, ulna and radius) from infants are sensitive for pressure from the 

dentist’s drill and need to be drilled upon several times. Small bone elements from infants do 

not necessarily give the amount of bone powder needed for the carbon/nitrogen analysis.  

 

Permanent and deciduous teeth are in good condition although some have small cracks right 

across the tooth surface. The risk for greater damage on cracked teeth is prominent. The main 

deciduous teeth are the first and secondary molars since they bear the traces from 

breastfeeding. Other deciduous tooth elements (incisors, pre-molars etc) are also drilled upon. 

Deciduous teeth are used for breastfeeding patterns and the permanent teeth are used for diet 

reconstruction. The individuals are grouped in seven age classifications. The age 

classification, which is the individuals’ chronological age, is determined after what bone 

and/or teeth elements are present from an individual (Yasar Iscan 1989, Yasar Iscan et al. 

1989, Sjøvold 1978). The seven age classifications are: 

 

Infant: birth - 1 year 

Infans 1: 0-7 years 

Infans 2: 5-14 years 

Juvenilis: 10-24 years 

Adultus: 18 – 44 years 

Maturus: 35 – 64 years 

Senilis: 50 – 79 years 

(Sjøvold 1978) 

 

Not all bone and tooth materials from the individuals are used for the stable carbon, nitrogen 

and sulphur isotopic analysis due to their condition and/or size. Incisors and canines, from 

infants younger than two years old, are in some cases smaller than one centimetre in length 

and seven millimetres in width. The drilling surface is therefore too narrow. A tooth that is 

too small in size does not give enough powder for the stable carbon and nitrogen isotopic 

analysis. All of the material is presented in table one. Eighteen dentition stages  (stage 1-10 

(deciduous dentition), 11-14 (mixed dentition), 15-18 (permanent dentition)) represents the 

various ages of the thirty-four individual´s. Age is determined after when the different 

deciduous and permanent teeth erupts and the teeth’s crown become visible (i.e. dental age). 

Dental age (tooth eruption) occurs at different ages in different individual´s and therefore it is 

possible to make an eruption timeline (i.e. dentition stages). The deciduous dentition stage is 

fully completed when the first primary tooth is visible. The eruption of the primary tooth at 

the age of six marks the mixed dentition stage. The permanent dentition stage starts when the 

last primary tooth falls out of the mouth at age ten or eleven (i.e. permanent dentition stage) 
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(Hillson 1986:188-194). The mandibular central incisors set off primary dentition which ends 

when the first permanent molar appears. The first and the second molars are followed by the 

central and the lateral incisors. Four teeth erupt every six months and mandibular teeth show 

up before the maxillary teeth. Females develop teeth earlier than males (Hillson 1986, Yasar 

Iscan 1989, Yasar Iscan et al.1989). The eighteen dentition stages according to Schour and 

Massler are as follows: 

 

Stage:     1-10; the individual has only deciduous teeth (deciduous dentition). 

Stage:    11-14; the individual has both deciduous and permanent teeth (mixed dentition).   

Stage:    15-18; the individual has only permanent teeth (permanent dentition) 

(Modified and simplified after Schour, Massler 1941:1153-1160, Hillson 1986:194, Liebe-

Harkort O.M 2009). 

 

 I have chosen not to present all 34 individuals in this chapter in order to exemplify the total 

age variation within the material. I will instead present some of the individuals in the 

following text (also see figures 6-7, p. 25-26, table 1) who show teeth eruption variations 

and/or interesting burial contexts. The purpose is to demonstrate the tooth and bone sample 

diversity, age classifications and the culturally linked burial items connected to some of the 

children/ individuals. The Schour and Massler and Hillson dentition stage-numbering (Hillson 

1986:194) is used to identify the different dentition stages in the six individuals in the texts 

below. The source for the table used by Hillson is Osborn (1981) and Berkovitz et al (1978). 

 

Grave or individual: 11180:14. Infans 1. 4 years ± 12 months 

The material analysed consisted of deciduous canine from right side of maxilla, second 

deciduous lateral incisor, first deciduous molar and second deciduous molar from right side 

mandible and left femur bone. Only the deciduous teeth are present and therefore the dentition 

stage varies from 1-10 (Hillson 1986:194).   

 

Grave or individual: 12273:157. Infans 2. 10 years and ± 30 months 

The material analysed from this individual contained of right radius bone, canine from left 

side maxilla, first molar from left side mandible, second deciduous molar from left side 

mandible or second deciduous molar from right side mandible. This individuals dentition 

stages are 11-16 which indicate that both deciduous and permanent teeth has erupted. Molars 

are good to have in stable isotopic analysis due to that they contain isotopic information about 

the individuals’ earliest diet and breastfeeding pattern (see method chapter). This individual 

was buried with a key and with an iron fitting of some kind.  

 

Grave or individual: 12273:172. Infans 2. 11 years. 

The analysed material from the individual consisted of a first permanent and second 

deciduous molar from right side maxilla and first pre-molar from left side of maxilla and left 

femur bone. The dentition stage is 14 since there is a presence of erupted permanent tooth. 

The permanent tooth is the latest one to erupt. The individual was buried with a knife (see 

figure 6, p. 25).  
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Grave or individual: 11484:90. Infans 2. 10 years ± 24 months  

The analysed material was a canine from left maxilla and the first molar from right mandible 

and a humurus bone. The dentition stage varies within 12-16 which indicated that both 

deciduous and permanent teeth have erupted. Permanent teeth and a humurus bone were also 

found from the individual. This child was buried with a wooden chip box, complex iron 

objects and burnt bones.  

 

Grave or individual: 1746:111. Juvenilis. 12-15 years ± 36 months 

The analysed material was second molar from right side maxilla, frontal second pre-molar 

from right side mandible, first molar from left side maxilla. The dentition stage is 11-14 due 

to the mixed dentition which is indicated by the presence of both deciduous and permanent 

teeth. In this individuals grave laid a coal piece.  

  

Grave or individual: 14801:14. Infans. 0-0,5 months 

All teeth are missing from this young individual. Only right femur and right mandible with 

deciduous teeth on the inside was found. The dentition for this individual was in its initial 

stage (i.e. stage 0-1). The bones were fragile and small which made drilling complicated due 

to the pressure from the drill. No teeth were drilled upon. The individual was buried with 

animal bones from an unknown species (see figure 7, p 26).   

   

Figure 6. Individual buried in grave 12273:172. At the right side of the photo is a maxilla with the 

first, second permanent and second pre-molar in situ. A femur bone from the same individual is 

shown on the left side in the photo. This individual was around eleven years old. The scale is in 

centimeters. The photo is taken by the author.  

Anläggning 12273:172 

SMÖ 1003 

Maxilla with first, 

second permanent 

molar and second pre-

molar in situ. To the 

left is dexter femur 

bone. 
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7. Results 

7.1 The human samples 

Thirty four individuals between ages 0 and 15 years were selected for a stable isotope analysis 

in order to study breastfeeding patterns, diet and migration during the late Roman Iron Age. 

The individuals lived in a pastoral community located in Smörkullen 24:1, Alvastra, 

Östergötland. Totally twenty two individuals of the thirty four individuals analysed gave 

enough collagen (see table 1, appendix). The total sample amount is 107. Forty one taken 

samples with good collagen give the mean value for δ 
13 

C; -20,8 and mean δ 
15 

N value of 

13,1. The standard deviation value for δ 
13 

C value is 0,54 and for δ 
15 

N is 1,52. Eight 

individuals’ gave more than one result and are therefore used for the diet and weaning 

diagrams (see figures 12-26, p. 27-36). Animal bone and teeth from the same location and 

period are also subjected to stable isotope analysis in order to gain information about the local 

geographical conditions (see figure 27, p 37, Tove Lindberg 2009). Three diagrams illustrate 

the similarities and the differences in diet between the adults and the children (see figures 8, 

9, 10, p. 27-28, Tove Lindberg 2009). 

7.2 Breastfeeding and the weaning patterns 

For the reconstruction of an early diet record, breastfeeding and weaning patterns, it is 

necessary to obtain good collagen results deriving from different bones, deciduous and 

permanent teeth from the individuals. This did occur for 8 individuals and breastfeeding and 

weaning patterns were therefore possible to construct (see figures 12, 14, 16, 18, 20, 22, 24, 

26). The results from the 8 individuals show that 2 (one uncertain, one certain) children (see 

figures 20, 24) were breastfed for 7 to 12 months and thereafter introduced to solid foods. The 

effect of breastfeeding is indicated by the high δ 
15

N ‰ values in a deciduous tooth. Six 

children were not breastfed (see figures 12, 14, 16, 18, 21, 26) which is demonstrated by the 

Figure 7. The photography show the mandible and right femur from the individual buried in grave 

14801:14.  This individual was buried with an unknown animal species and was between 0 and  

0, 5 years old. The scale is in centimeters. The photo is taken by the author. 
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missing/non-changing nitrogen values in the diagrams. In Beausang´s PhD thesis it is 

mentions the possibility of fatty raw breast milk being dangerous (Beausang 2003:116). The 

thought is interesting since it is a possible social and dietary factor. The introduction period to 

solid foods could have been 2-4 years (see figures 20, 24). In diagrams showing the weaning 

effect have δ 
15

N ‰ values that drop from a high δ 
15

N ‰ value to a lower δ 
15

N ‰ value 

after a 2-4 year period. The six individuals that were not breastfed do not show a weaning 

effect at all. The δ 
15

N ‰ value in the weaning pattern for individual 13132: IX indicate that 

the first introduction food might have been freshwater fish (see figure 20).  

7.3 Diet and possible migration  

Many of the children have a diet similar to the adults, a diet of freshwater fish. That is also the 

case when adult women and children diets are compared (see figures 8-10). The eight children 

had a very homogenous diet of freshwater fish (see figures 8-10) but one of them, individual 

11746:119 a, diverges through the indication of a terrestrial diet shown by the δ
15

N ‰ and 

δ
13

C ‰ values (see figures 9, 10). A second individual 11746:111 (see figure 23) had possibly 

a mixed diet which could have contained both terrestrial food types and fresh water fish. The 

indication of terrestrial diet could perhaps mean that the two individuals were given cereals in 

some kind of porridge (Beausang 2003: 116) or perhaps suckling animals (Schoultz 2006). 

There is wearing marks on the children’s teeth indicating a coarser food type than freshwater 

fish (Liebe-Harkort O.M. 2009). Four individuals yielded enough collagen for a sulphur 

isotopic analysis (see table 1, appendix, and figure 27). The sulphur analysis is done in order 

to compare the children’s sulphur isotopic values with the sulphur values deriving from the 

local animals dated to the Roman Iron Age period (see figure 27). The sulphur results for the 

children derive from one permanent molar (M 1) and three bone elements (two femur and one 

humurus). The fauna is represented by domestic animals such as cattle, horses, sheep/goat and 

dog. No wild animal species or marine species is presented in the diagram and thus an over-

presentation of the domestic species occurs. The large and small domestic animals have 

diverging δ
34

S ‰ and δ
13 

C‰ values and the four children’s δ
34

S ‰ values are similar to the 

δ
34

S ‰ values from dog and sheep, which possibly are local animal species. Many samples 

did not yield enough collagen for a stable sulphur isotopic analysis although an effort for 

getting enough collagen for the stable sulphur isotopic analysis was made. 
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Figure 8. The children’s diet consisted possibly of fresh water fish but other possible diet inputs can also be 

noticed in the diagram. Terrestrial diets are indicated by a low δ
15

N value and by a δ
13

C value close to -21‰. 

The δ
15

N values and the δ
13

C values appear grouped and the highest δ
15

N values probably show the children’s 

breastfeeding effects. The mean δ 
13 

C value is -20,8 and mean δ 
15 

N value is 13,1. The standard deviation value 

for δ 
13 

C value is 0,54 and for δ 
15 

N is 1,52. 
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Figure 9. The δ
15

N and δ
13

C values in the diagram show that the majority of the children and 

adults had a diet of freshwater fish. Two individuals, (who are marked with labels) diverge from 

the rest in their diet. Individual 11746:119 a, had possibly a more terrestrial diet and individual 

11746:111 had possibly a mixed diet (Tove Lindberg 2009).  

Figure 10. The diagram shows the similarities in diet between the adult women and the 

children. Two children diverge from the mean diet value. The two children with diverging 

diet values have probably eaten a more terrestrial and mixed diet (Tove Lindberg 2009).  
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Figure 11. This individual (11746:119 b) was two years and ± eight months old 

(Infans 1). The δ
15

N‰ value is close to fourteen and rises to fourteen point 

seven. The results derive from a deciduous tooth and a femur bone. The change 

in this individual’s diet is not significant. 
 

Figure 12. (Infans 1) This individual was possibly not breastfed which is indicated 

by the δ
15 

N (‰) values from the secondary deciduous molar and the femur bone. 

There is no significant change in the δ
15 

N (‰) value between the deciduous molar 

and the bone. A third signal would give more certain result. 
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Figure 13. The individual in grave 14429:7 a was four years and ± twelve 

months old (Infans 1). The individual ate a diet containing fresh water fish. 

The dietary change is not significant, which is made visible through the 

presence of two deciduous teeth and a femur bone yielding one of the δ
15

N ‰ 

values.  
  

Figure 14. (Infans 1) The change in δ
15

N (‰) value for the deciduous 

teeth indicates that this child maybe was not breastfed. Furthermore the 

difference in δ
15

N (‰) value between the femur bone element and the 

deciduous teeth shows that this child was not even weaned.  
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Figure 15. The individual was four years and ± twelve months old (Infans 1). This 

child has high δ 
15 

N ‰ and δ 
13 

C ‰ values, but a small difference between the 

deciduous molar teeth and femur bone δ
15

N ‰ and δ 
13 

C ‰ values can be seen. The 

small difference between the femur bone and the two deciduous teeth indicate that 

the freshwater fish diet stayed about the same all through the individual’s life. 

Figure 16. (Infans 1) There is no breastfeeding effect and no weaning pattern 

and that is shown by the δ
15

N (‰) value for femur bone and the first and 

second deciduous molars. There is no change between the δ
15

N (‰) values. 



 32 

 
 

 

 

 

 

 

 

 
 

 

 

M 1 sin 

dm 2 dx 

Bone 

4,0

6,0

8,0

10,0

12,0

14,0

16,0

18,0

-23,0 -22,5 -22,0 -21,5 -21,0 -20,5 -20,0 -19,5

d
1
5
N

(‰
) 

d13C(‰) 

11180:16 

M 1 sin

dm 2dx

Bone

dm 2 dx 
M1 sin Bone 

8

10

12

14

16

18

0 10 20 30 40 50

δ
 1

5
 N

 (
‰

) 

Age (months) 

11180:16 

dm 2 dx

M1 sin

Bone

Figure 17. This child was five years and ± sixteen months old (Infans 1).  

The dietary change for this individual is not noticeable. The norm δ
15

N ‰ value of + twelve 

indicate that this individual had a non diverging freshwater fish diet from the other children.  

The femur bone element and the deciduous second molar from this individual have matching 

δ
15

N ‰ and δ
13

C values and both point to a diet of fresh water fish. 

Figure 18. (Infans 1) This child was not breastfed. There is no significant 

change between the deciduous tooth and the first permanent molar and the 

femur bone δ15N ‰ values. 
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Figure 20. (Infans 1) The breastfeeding effect is detected and significant as shown in the 

diagram. This child was maybe breastfed until it was about seven months old and then 

weaned. It is uncertain to say if this individual was or was not breastfed since there is 

only two signals. The δ 
15

 N ‰ value show a significant drop from fifteen point seven to 

thirteen point five. The δ 
15

 N ‰ value drop illustrates the breastfeeding effect. The 

initial food could have been freshwater fish since the δ 
15

 N ‰ value for the permanent 

molar is high even after the possible breastfeeding period. A third signal would give a 

more certain result. 

Figure 19. This individual was five years ± sixteen months old (Infans 1). 

The individuals’ diet contained of freshwater fish which is indicated by 

the δ 
13 

C ‰ and δ 
15 

N ‰ values deriving from a deciduous canine and 

first permanent molar. 
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Figure 21. The individual was ten years and ± twenty-four months old 

(Infans 2). This individual’s diet could be of freshwater origin since the left 

permanent canine have a higher δ
15

N ‰ and δ 
13 

C ‰ value than in the first 

permanent molar. 
 

Figure 22. (Infans 2) This individual was maybe not breastfed and therefore not 

weaned. The weaning effect is normally shown by the δ
15

N ‰ value difference 

between a deciduous tooth and another tooth. The bone element shown in this 

diagram has a δ
15

N ‰ value of thirteen point two, close to the first molar δ
15

N ‰ 

value. The values derive from permanent teeth. 
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Figure 23. This individual was between ten and twelve years and ± thirty-

six months old (Juvenilis). The child has diverging δ
15

N ‰ and δ 
13

C ‰ 

value in the secondary pre-molar and the first and second molar. The 

difference between the teeth indicates that this individual might have had 

a mixed diet, both terrestrial and other diet. 
 

Figure 24. (Juvenilis) This individual was breastfed for twelve months 

and weaned after two years. The weaning effect is shown by the 

difference in δ
15

N ‰ value between the two molar teeth and the pre-

molar tooth. 
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Figure 25. The individual was twelve ± thirty-six months old (Infans 2). 

The change in δ
15

N ‰ and δ
13

C ‰ values between the first and second 

permanent molar is not significant and indicates that this individual had a 

non diverging freshwater fish diet.  

Figure 26. (Infans 2) This child was not breastfed and the δ
15 

N (‰) 

values for both teeth are almost the similar. Perhaps a third signal 

would give a more certain result. 
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8.  Discussion 

8.1 Breastfeeding and weaning pattern 

Possibly two of eight children from Smörkullen (see figures 20, 24) were breastfed by their 

mothers for various time lengths and the mothers might not have been restricted in that matter 

and maybe even encouraged by other members in their family or society to breastfeed their 

infants for a certain time. In this case the children were breastfed for about seven to twelve 

months. Maybe breastfeeding was culturally linked and the knowledge of breastfeeding was 

perhaps passed down from mother to daughter when the daughter was old enough to have 

children. The other six children were not breastfed. In this case one must ask if the children 

were lactose intolerant or if it was of cultural reasons or otherwise forgotten or neglected 

practise. In such case the children were perhaps given substitute foods since the breast milk 

could have been perceived as bad for them (Beausang 2003:116) Maybe the mothers had an 

illness? In the case of Iceland breastfeeding was abandoned and replaced with milk products 

(butter and cream) that mirrored well being and status. That decision resulted in a 

demographic disaster in Iceland (Hastrup 1992). In other cases children under one year were 

perhaps put out to die due to ideal or due to other social, traditional factor (Mejsholm 2009). 

The wearing marks on the children’s teeth (Liebe-Harkort O.M. 2009) indicate a presence of 

cereals that could have been used for porridge (Beausang 2003:116). Maybe two different 

breastfeeding traditions existed in Smörkullen at the same time? Medically the six children 

did not get the important antibodies that otherwise would have protected them from different 

diseases (Svensson & Nordgren 1998:58 p). But they survived possibly due to substitute food 

of cereals, maybe porridge (Beausang 2003:116) is a possibility or mashed up freshwater fish 

with mixed in cereals. Women who breastfed their infant possibly lessened the risk of cancer 

without knowing it. The opposite is implied for the women who did not breastfeed. A reason 
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Figure 27. Four children lay close to the δ 
13 

C ‰ and δ 
34 

S ‰ values for sheep and dog. The children´s   

 δ 
34

 S ‰ values and the δ 
13 

C ‰ value indicate that they could be local. Cattles and horses diverge in the δ
13 

C ‰ and δ
34 

S ‰ from the children (two bone elements and one permanent molar), sheep and dogs. The 

differences in δ
13 

C ‰ value and δ
34 

S ‰ value between the domesticated animal species result in two 

groupings; local and non local, here visible in the diagram (Tove Lindberg 2009). The children had a 

freshwater fish diet. The dogs probably ate leftovers from meals containing remnants of sheep meat and 

freshwater fish, thus grouping with the children.  
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for not breastfeeding a child is the possibility of getting pregnant. Maybe the women gave 

birth to multiple children because the child mortality was high. Some women in Smörkullen 

might have practiced the LAM technique (Lactational Amenorrhea Method). Or at least they 

must have known about the LAM technique (see Svensson & Nordgren 1998:56-57). A 

pastoral society like Smörkullen with settled people does not necessarily mean short 

breastfeeding lengths. A breastfeeding period between six months and a year is what many 

people in western cultures today consider to be normal. A longer breastfeeding phase would 

perhaps feel odd to us. Short breastfeeding length in the Western cultures has today possibly 

more to do with convenience than with normality and the breastfeeding length was probably 

changed during the industrialization period. But long breastfeeding lengths are not uncommon 

and many traditional cultures had and still have long breastfeeding periods. In the early 

history breastfeeding in traditional cultures was governed by religious rules and was perhaps 

even legislated. In such traditional cultures it also seems that the act of breastfeeding a child 

was just as revered as a biological tie between a child and its parents. This relation is called 

milk kinship. Milk kinship also occurred in Africa and India. The milk kinship can also be 

found in some Muslim cultures (Maher 1992). I cannot totally rule out the existence of milk 

kinship in Smörkullen since it might have been a possible way for keeping children alive. 

Breastfeeding lengths longer than six months are perhaps today more associated with good 

infant health but the absence of breastfeeding is also present. The absence is today more 

associated with the mothers’ health than with the infants’ health or with medication of the 

mother (Svensson & Nordgren 1998).    

 

The breastfeeding traditions could have been determined by rules set by the society as a whole 

and the men in the Smörkullen society were deciding over matters that concerned the entire 

population. One argument is that women were perhaps more aware of the benefits of 

breastfeeding their infant than the men were since men kept the hierarchy in their own 

society. The women participated in the social effort by taking care of what was important for 

the survival of the society i.e. family and children. The implied presence of a surgeon in the 

Smörkullen society could perhaps indicate that the society and especially the women cared 

more for the children and maybe the surgeon helped in delivering the infants. The infants 

were perhaps not given over to a woman serf in order to be breastfed and the reason could 

have been that the captured woman or women in serfdom were “bad” for the children. And if 

a social hierarchy existed in Smörkullen the women serfs were consequently not seen as true 

members of the society. The women serfs were not of their origin, they were outsiders. 

Another reason could be that the bond between mother and child was socially and 

ideologically important. The bond between every child and mother is unique and therefore 

valuable for both family and society. The bond makes up a child’s identity and when he/she 

grows up the child was possibly taught the family’s values and believes.  

8.2 Children's diet 

The results from the stable carbon and nitrogen analysis demonstrate that the majority of the 

children ate freshwater fish. The results are surprising due to the pastoral setting and due to 

the presence of domestic animals. The diet come across as one sided and it is not so very 

impossible to think that the diet alone could have contributed to bad health, or death. 

Freshwater fish could have been very accessible as a food type and maybe it did not take too 

much effort to get large quantities. Fish is more easily chewed by very young children. 

Children under one year do not have many teeth to chew with. A quantity of fish could have 

been the reason for why the inhabitants chose to primarily live of freshwater fish instead of 

domestic cattle or chickens. Two individuals diverge from the rest in diet. One child 

(11746:119 a, figures 9-10) had possibly a more terrestrial diet while a second child 

(11746:111, figure 23) indicate a more mixed diet. The tooth wear marks in children’s teeth 

(Liebe-Harkort O.M. 2009) might indicate a diet of cereals. The children could have been 
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given porridge (Beausang 2003:116) and/or cereals. The freshwater fish diet in Smörkullen is 

not unique and a similar freshwater fish based diet existed on Öland. Another possible food 

source was that the individuals ate suckling animals and/or pigs (Schoultz 2006). It could be 

argued that the children were given fresh water fish most of the time and maybe given some 

other foods on more particular occasions. The domestic animals found at the site cannot be 

excluded based on the results but perhaps the domestic animal species was not part of 

everyday meals. The animal species found in Smörkullen are horse, geese, chicken, cat, dog, 

cattle, pig, sheep/goat, marten, rodent and fish (Liebe-Harkort O.M. 2009). One explanation 

for the presence of domestic animals could be that the animals species, for example cattle, 

sheep, chicken, geese, pig, were part of burial rituals and were sacrificed at/or for burial 

rituals. The family maybe sacrificed a cattle or a sheep/goat and ate it in honouring the dead 

child. After the group meal the animal bones were placed in a chip box with the departed 

individual (see table 1, appendix). Comparable food vessels’ has been found in Fjälkinge 

(Mejsholm 2009). When the children were alive they possibly enjoyed freshwater fish and in 

their death they were honoured with feast meals. Food taboos could be linked with their 

religious believes. It is possible to think that it was an uncommon act to eat terrestrial animals 

or otherwise not a necessary practice because just two children of eight show traces of a 

terrestrial diet.  

8.3 Children and the possibility of migration 

The results from the sulphur isotope analysis indicate that four children were local and 

grouped in their sulphur and coal values with dog and sheep. In the δ 
34

S ‰ and δ
13 

C ‰ 

values the dogs, sheep and children are set in one cluster apart from the possibly non local 

cattle and horses. The similarities in δ
13 

C value between the dogs, sheep and the children 

indicate that dogs were maybe given leftovers from meals containing freshwater fish and 

sheep (se figure 27, p 37). The individual buried in grave 11746: 119 a is maybe an immigrant 

since its δ
13 

C and δ 
15 

N ‰ values are indicating more terrestrial diet. Indication of 

immigration to Smörkullen could perhaps be seen in burials containing foreign objects and in 

this case even individuals bearing traces from unfamiliar foods. There has been found burial 

objects that in their technique and ethnicity could origin from the Gothic areas in modern 

Poland and West Germania in modern Germany (Browall 2003). I think that the burial objects 

from the Roman realm i.e. spears and swords are imported/given to them as alliance gifts and 

that the ethnicity bearing burial objects, such as rhomb shaped hair needle of bronze from 

West Germania and bronze fibulas from Gothic areas are perhaps indications of migration. 

Such status bearing objects maybe indicate that individuals buried at Smörkullen immigrated 

to Smörkullen. And migration does not necessarily exclude children. The objects could also 

be results from trade with Germanic and Gothic tribes. Or perhaps migrated peoples mixed 

with the inhabitants in Smörkullen. In some graves metal objects were found. A key and metal 

fitting suggest that individual 12273:157 was possibly dressed when he or she was buried and 

the child was perhaps meant to either keep the key or open doors with it (see table 1). The 

child might have been a young girl and the key could have been a symbol for her function as 

young woman and reflecting her social role in the society. This argument is based on the key 

object and it is not certain if the key belonged to a young female individual. It is difficult to 

sex individuals on object basis (Borgström 1973). 

8.4 Conclusions 

The results from the stable carbon and nitrogen isotopic analysis show that the majority of the 

children had a fresh water fish diet, with two exceptions. Results from the two diverging 

individuals show that it is possible that there existed a mixed diet in Smörkullen. One 

individual shows a more terrestrial diet and thus might have immigrated to Smörkullen. 

Possibly two children were breastfed, weaned and later given solid foods. Bones from 
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domestic animal species has been found at the burial site and all the children’s teeth bear 

some wearing signs from coarser foodstuffs like cereals, young animals and/or porridge 

(Schoultz 2006, Liebe-Harkort O.M. 2009, Beausang 2003:116).  

The primary diet contained of freshwater fish and the diet could be a sign of organized 

fishing, possibly governed by a local chief. Perhaps two separate breastfeeding and diet 

traditions existed side by side and later on the two traditions and cultures mixed? The results 

from the stable carbon and sulphur isotopic analysis show that four of the eight children are 

possibly local to Smörkullen. The four children’s stable sulphur and carbon isotopic values 

are grouped with dog and sheep and diverge in stable carbon and sulphur isotopic values from 

cattle and horse. Some burial objects are seen as foreign items. Status bearing burial objects 

e.g. coloured milk glass, rhomb shaped hair pin, found at Smörkullen could insinuate ethnical 

belonging to Germanic and Gothic areas. The various burial objects might be indications of 

migration but could also be results of trade. Two of the eight children indicate in their δ 
15 

N 

‰ and δ 
13

C values that children were breastfed i.e. weaned to about seven to twelve months 

of age. The breastfeeding length seems short and might have been culturally linked. Based on 

the results the first introduction food could have been fresh water fish. According to Räf and 

Browall there exists some indication of that burial rituals were important for the inhabitants’ 

and that they took part of ritual meals involving the cultural animal ideologies and ritual meal 

sharing. The indications are bones of whole inhumated animals, wooden chip boxes and a 

knife. Another possible part of the ritual was to put a piece of charcoal into the departed 

individuals’ grave. The charcoal piece was perhaps a token of that the living inhabitants took 

part of the ritual meal and thereby remembering the departed child.  

8.5 Summary 

The inhumation material used for this master thesis were of children between ages nil to 

fifteen. The research included deciduous teeth, permanent teeth and bones. The material from 

Smörkullen 24:1 contained bone elements, deciduous and permanent teeth. My questions for 

the material concerned the children’s weaning pattern, breastfeeding length, first introduction 

foods and migration. And for answering my stated questions I conducted a stable carbon, 

nitrogen and sulphur isotopic analysis. The results from the stable carbon and nitrogen 

isotopic analysis show that two of the eight children were breastfed for perhaps seven to 

twelve months of age and then weaned for about two to four years. The first introduction to 

solid food was made during the weaning period. The weaning period could have varied and 

might have been culturally linked. Two individuals diverged in diet through the indications of 

terrestrial and mixed diet. Porridge could have been a suitable introduction food. But the 

majority of the eight children had a fresh water fish diet. There was perhaps a partly mixed 

diet existing in the local since bones from domestic animal species has been found at the 

burial site. The children’s teeth also bear some wearing signs from coarser foodstuffs like 

cereals/young animals. The diet contained of freshwater fish could be a sign of organized 

fishing, which maybe was governed by a chief. The individual showing a clear terrestrial diet 

could have immigrated to Smörkullen. Objects foreign to Smörkullen, found in burials might 

be indications of migration but could also be results of trade some of which indicate contacts 

with Germanic and Gothic tribes. The roman burial objects are possibly trade products with 

the European continent. The results from the stable sulphur isotopic analyses derive from a 

permanent tooth and different bone elements from four of the eight children. The results show 

that the four children’s stable carbon and sulphur isotopic values groups with dog and sheep 

but diverge from non local horse and cattle. The four children are possibly local with the 

sheep and dogs.  
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