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ABSTRACT 

 

The ways in which Medieval Scandinavian populations interacted with their 

environment for subsistence needs has largely been understood through the lens of 

extant written records and the findings of traditional archaeological excavation. Over 

the last several decades however, a subfield of archaeological research has arisen to 

specifically explore the consumption patterns of past societies using a scientific 

methodology called stable isotopic analysis. With the aid of sophisticated laboratory 

equipment and protocols, archaeologists have been able to more accurately quantify diet 

through the measurement of carbon, nitrogen, and other isotopes found in bone collagen 

and apatite. As a result of its accessibility and efficacy, stable isotopic studies now 

constitute a significant corpus of archaeological research. Due to the rapid growth of 

this subfield, many of these studies are carried out in isolation from one another and/or 

largely disconnected from the broader academic discourse and trends of the discipline. 

To assess the current state of play, this study will compile, summarize, and discuss a 

representative cross-section of the archaeological stable isotopic research corpus 

concerned with human diet in Medieval Scandinavia. Additionally, preliminary findings 

for a forthcoming dietary study on Medieval Hobro, Denmark will be covered in detail.  
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ÁGRIP 

 

Rannsóknir á efnahag og lífsviðurværi á Norðurlöndum á miðöldum hafa til 

þessa einkum byggt á ritheimildum og hefðbundnum fornleifafræðilegum aðferðum, 

einkum rannsóknum á dýrabeinum og plöntuleifum. Á síðustu síðustu áratugum hefur 

komið fram undirsvið fornleifafræði sem markvisstrannsakar neyslumynstur fornra 

samfélaga því að greina stöðugar efnasamsætur. Háþróaður rannsóknarbúnaður og 

aðferðarlýsingar hafa gert fornleifafræðingum kleift að magngreina mataræði með 

mælingum á kolefni, köfnunarefni og öðrum samsætum sem finnast í beinkollageni og 

apatíti. Skýrar og aðgengilegar niðurstöður hafa stuðlað að því að greiningar af þessu 

tagi eru nú orðinn umfangsmikill hluti af rannsóknum á mataræði fornra samfélaga. Ör 

vöxtur þessarar undirgreinar veldur því að einstök rannsóknarverkefni eru iðulega 

framkvæmd án tengsla eða samhengis við aðrar rannsóknir á sviðinu og oft án 

skírskotunar til almennrar fræðilegrar umræðu um þau álitamál sem 

samsætumælingarnar geta varpað ljósi á. Í þessari ritgerð er gerð úttekt á fyrirliggjandi 

samsæturannsóknum á mataræði á Norðurlöndum á miðöldum. Markmiðið er að leggja 

fram heildaryfirlit og greina með gagnrýnum hætti stöðu rannsókna á þessu sviði. Til 

viðbótar verður greint frá bráðabirgðaniðurstöðum óútgefinna greininga á mataræði 

fólks í Hobro í Danmörku á miðöldum. 
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CHAPTER I 

 

INTRODUCTION 

 

Food is an inextricable aspect of the human experience. By our very nature as 

complex, omnivorous living organisms, we require the consumption of a variety of plant 

and/or animal species for our nourishment and health. Beyond mere sustenance, for 

thousands of years food has also served as the impetus for numerous technological 

innovations, societal structuration and developments both great and small, and as an 

indispensable intermediary for all manner of activities and rituals ranging from the 

sacred to the profane.1 No less important in today’s highly globalized and 

interconnected world, food serves as the basis for international commerce, robust 

industries, vibrant cultural identities, storied ethnic traditions, as well as a means of 

entertainment, art, competition and so much more.2  

It stands to reason then that if food can maintain such a pervasive presence and 

status of exaltation in the modern era (a time when populations living in developed 

nations enjoy on average an unprecedented overabundance of resources and luxury), 

then it must have been equally if not even more valuable in times when populations 

frequently faced scarcity and hardship such as those in the Middle Ages.3 When it 

comes to the academic study of the Medieval period, specifically Scandinavia in this 

case, logic would dictate that any attempt to accurately reconstruct or understand the 

societies of that time and place must give ample consideration to diet and subsistence 

                                                
1Nerissa Russell, Social Zooarchaeology: Humans and Animals in Prehistory, 

(Cambridge; New York: Cambridge University Press, 2012), pp. 358-394. 

Douglas J. Kennett and Bruce Winterhalder, Eds., Behavioral Ecology and the 

Transition to Agriculture, (Berkeley, Los Angeles, London: University of California 

Press, 2006), pp. 304-322. 

2Alejandro Colás et al, Food, Politics, and Society: Social Theory and the Modern Food 

System, (Oakland: University of California Press, 2018), pp. 94-169. 

3John Aberth, From the Brink of the Apocalypse: Confronting Famine, War, Plague, 

and Death in the Later Middle Ages, (New York: Routledge, 2001).  
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due to its fundamental and central role within human habitus.4 Alas, this task is not 

quite as simple or straightforward as it may seem. 

Consider for a moment what images are conjured at the mention of food in 

Medieval Scandinavia. Most likely, something along the lines of porridge or stew and a 

chunk of bread accompanied scenes of peasants crowded around a cramped hearth in a 

humble cottage. Or perhaps instead it was images of a smörgåsbord of roasted meats, 

cheeses, vegetables, and beers sitting atop long tables in the dining halls of a nobleman 

or member of the clergy.5 To the average Medievalist, this mental exercise probably 

comes across as elementary or pedestrian even, much in the way that images of wheat 

bread, olives, fish, and wine would seem to the Byzantine scholar if given a similar 

prompt.6 Afterall, many of our current culinary traditions trace their lineage directly 

back to the Middle Ages, oftentimes using a lot of the same ingredients and preparation 

techniques.7 There are simply things about Medieval food that we just know, right? 

                                                
4While there is no one-size-fits-all definition of Medieval Scandinavia, generally it is 

accepted that the Battle of Stamford Bridge in 1066 CE ended the Viking Age and the 

Reformation beginning in 1517 CE ended the Middle Ages.  

Birgit Sawyer and Peter Sawyer, Medieval Scandinavia: From Conversion to 

Reformation, circa 800-1500, The Nordic Series Book 17, (Minneapolis: University of 

Minnesota Press, 1993). 

5These assumptions are made from a Western, American-centric perspective informed 

greatly by popular culture and media; however, it is believed that they are accurate 

enough across geo-cultural boundaries to be useful in making this point. 

6Andrew Dalby, Flavours of Byzantium: Cuisine of a Legendary Empire, (Totnes: 

Prospect Books, 2003), pp. 171-183. 

7Bjørn Poulsen, “11. Scandinavia, 1000–1750” in Rural Economy and Society in North-

western Europe, 500-2000, vol. 2, The Agro-Food Market: Production, Distribution 

and Consumption, (Turnhout: Brepols, 2011), p. 349. There is mention here of Robert 

Molesworth’s observation that goose was served for supper on St. Martin’s Eve in 

Denmark. Though a bit different of a holiday then from what is popularly celebrated 

across Europe nowadays, the idea of eating game birds during occasions of festivity is 

still quite common in Scandinavia, Europe, and beyond. 
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This familiarity with the past by virtue of being its inheritors may seem 

innocuous at first glance, but it has in fact a rather insidious effect on how Medieval diet 

is studied academically. By this it is meant that there seems to be a sort of perceived 

banality when it comes to examining subsistence as well as a certain degree of assumed 

knowledge, which in turn creates difficult to displace biases that often manifest in the 

form of scholars overlooking or disregarding the importance of the subject altogether.8 

Such a flippant perspective is obviously problematic because it rarely seems to foster 

the kind of lively intellectual discourse as exhibited in other areas of Medieval 

Scandinavian studies such as Christianization or migration.9 Instead, assumptions 

regarding diet are the focus of little to no critique and what disagreements do exist are 

usually centered around differences of degree not kind. This is further evidenced by the 

fact that though the field of food history has been largely dedicated to the study of the 

Middle Ages and has existed for several decades now at this point, it seems to have only 

made limited inroads within the broader academic discourse.10   

There is also the matter of content. Medieval Scandinavian food studies have in 

many ways been largely driven by the fields of linguistics, literature, history & art 

history due to the enormous wealth of extant textual sources from the Middle Ages. The 

historiographical approach however has clear limitations both theoretically and 

practically.11 It is widely acknowledged that prior to the printing press, literacy and the 

proliferation of written materials was by and large limited to the Church and elites due 

                                                
8Knut Helle, Ed., The Cambridge History of Scandinavia. Vol. 1. The Cambridge 

History of Scandinavia. (Cambridge: Cambridge University Press, 2003). Note, the 

word ‘diet’ is only mentioned a paltry four times over the course of this 800-page 

volume.  

9Helle, The Cambridge History of Scandinavia. Vol. 1. The Cambridge History of 

Scandinavia. ‘Migration’ on the other hand is mentioned seventy-two times. 

10Food history as a field really crystallized following the establishment of the journal 

Petits Propos Culinaires in 1979 and the annual Oxford Food Symposium in 1981. 

11Ian Hodder, “The Interpretation of Documents and Material Culture” in SAGE 

Biographical Research: Starting Points, Debates and Approaches, John Goodwin, Ed., 

(Cornwall: International Ltd., vol. 1, (2012): pp. 393-402. 
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to the time and cost of manuscript production.12 This means that the content of the vast 

majority of the written corpus is in the form of royal biographies, cookbooks, and 

literary descriptions in the sagas, all of which are unavoidably skewed in perspective 

towards the upper strata of society as they themselves were oftentimes both the subjects 

and intended audience for said content. Therefore, in order to expand the study of diet in 

Medieval Scandinavia beyond this relatively narrow and unrepresentative scope, 

interdisciplinary approaches should be pursued and used in concert so that a more 

comprehensive reconstruction of the past possible may be produced.13 

In kind, over the past few decades the study of diet in Medieval Scandinavia has 

become an increasingly popular subject of interest in the field of archaeology.14 Given 

that the written corpus as it exists now is a relatively fixed quantity, archaeology sits in 

an ideal position to complement, corroborate, and if necessary adjust or refute the 

findings of related fields within Medieval studies by providing new lines of evidence 

and additional layers of complexity to the conversation. In pre-Columbian Exchange 

Northern Europe, the floral and faunal species available to most populations was by and 

large limited to only those varieties indigenous to the local or greater regional 

environment and through what could be preserved, transported, and obtained via trade, 

                                                
12Eltjo Buringh, Medieval Manuscript Production in the Latin West, (Leiden: Brill, 

2010). 

13One such example of an attempt to discuss Medieval matters from a more varied 

disciplinary perspective: 

 Aleks Pluskowski, “The Zooarchaeology of Medieval ‘Christendom’: Ideology, the 

Treatment of Animals and the Making of Medieval Europe”, World Archaeology, 42:2, 

(2010): pp. 201-214. 

Woolgar, Christopher Michael, “Food and the middle ages”, Journal of Medieval 

History 36, (2010): pp. 1-19. 

14Guy De Boe and Frans Verhaeghe, Eds., “Environment and Subsistence in Medieval 

Europe” in Papers of the ‘Medieval Europe Brugge 1997’ Conference, vol. 9, Zellik, 

Instituut voor het Archaeologisch Patrimonium, (1997): pp. 1-204. 
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exploration, or conquest.15 This means that while written records may show us some of 

the specific end products and rarer ingredients obtained by the wealthiest elements of 

Medieval society, traditional archaeological excavation can in contrast show us the most 

mundane and widely used resources as well as how they were being obtained.16  

Nonetheless, there limitations to a purely archaeological approach as well. 

Primarily, in that the most commonly used methods only tend to reveal the approximate 

breadth of resources and technological variety at the geographical and cultural levels. 

Thus, very little can be illuminated at the settlement or regional level regarding the 

relative rates of consumption or the complexities of economic exchange of foodstuffs. 

This is in part because many of the different types of plants or frailer animal species that 

were likely consumed are not frequently represented directly through archaeological 

remains, leaving at best circumstantial evidence for their production and consumption 

(i.e. locating a granary or mill, finding remains of fishing equipment, etc.) and at worst 

leaving researchers to rely purely on speculation and inference.17  

We are then left in a position where an interdisciplinary approach of both 

historiography and archaeology clearly provides a more comprehensive reconstruction 

of Medieval diet than either can individually but are also left with questions falling 

somewhere between individual recipes and cultural level subsistence technology that 

neither is wholly fit to answer on its own. Thankfully, there now exists technology 

available to scholars which can aid in redressing this issue. Adopted from the physical 

sciences, a laboratory protocol known as stable isotopic analysis (SIA) has granted 

researchers the ability to explore the consumption patterns of past societies and animals 

                                                
15For instance, there are no indigenous C4 or CAM plants native to Scandinavia per: 

Henrik Tauber, “13C Evidence for Dietary Habits of Prehistoric man in Denmark”, 

Nature 292, (July 1981): pp. 332-333. 

16Examination of midden heaps, faunal assemblages, tools, and structures all aid in 

assisting scholars with a way to conceptualize the subsistence strategies that past 

populations used to navigate and manipulate their environment. 

17James Wood et al., “The Osteological Paradox: Problems of Inferring Prehistoric 

Health from Skeletal Samples”, Current Anthropology, 33, (1992): pp. 343-370. 



 

6 

in such a way that simply was not possible even as recent as fifty years ago.18 The 

application of this method within the archaeological realm of Scandinavia is slightly 

younger however, first trickling in some forty odd years ago and focused on prehistoric 

populations.19  

As the keystone element of this paper, a brief explanation of stable isotopic 

analysis as it is understood will be provided. It has become a convention of sorts to 

include a summary of the method in any research publication utilizing it, so this work 

must in good faith follow suite.20 For a complete and thorough life-history of SIA 

research, it is recommended that the reader seek out T. Douglas Price’s attempt as he 

additionally places the method within the wider constellation of Viking and Medieval 

Norse studies.21 In any event, put succinctly stable isotopic analysis is a laboratory 

technique with a broad array of applications spanning several academic fields of study 

most notably in ecology, geochemistry, and archaeology, being used in the latter’s case 

for its ability to assist in reconstructing ancient diets and migration patterns.22 The way 

                                                
18J. C. Vogel and Nikolaas J. van der Merwe, “Isotopic Evidence for Early Maize 

Cultivation in New York State”, American Antiquity, Vol. 42, No. 2 (April 1977): pp. 

238-242. 

19Tauber, “13C Evidence for Dietary Habits of Prehistoric man in Denmark”, pp. 332-

333. Published in the wake of the landmark Vogel and van der Merwe 1977 study, 

Scandinavian archaeologists adopted the method quite early on. 

20This is a personal observation; but it seems to be standard practice in most 

archaeological research papers to review the specific methodology being utilized and 

stable isotopic studies appear to be no exception to this trend.  

21T. Douglas Price, “An Introduction to the Isotopic Studies of Ancient Human 

Remains” in Viking Settlers of the North Atlantic: An Isotopic Approach, Journal of the 

North Atlantic Special Volume 7 (2015): pp. 71-87. 

22Vogel and van der Merwe, “Isotopic Evidence for Early Maize Cultivation in New 

York State”, pp. 238-242. 

J.E. Ericson, “Strontium isotope characterization in the study of prehistoric human 

ecology”, Journal of Human Evolution 14, (1985): pp. 503-514. 
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it works in principle is that stable isotopic signatures from elements such as carbon, 

nitrogen, or strontium accumulate in the bones of an organism which can then be 

measured by a device known as a mass spectrometer.23 Different types of bones offer 

different types of life information, long bones and ribs being the most conventionally 

used skeletal materials followed by teeth.24 When reconstructing diet, carbon and 

nitrogen are the most widely analyzed isotopes as they enter the body of an organism 

through the consumption of C3 carbon fixation (wheat, barley, rice; ample global 

distribution), C4 carbon fixation (corn, sugar cane; grasslands and warm regions) or 

Crassulacean acid metabolism (pineapples; tropics and humid climates) flora, in 

addition to terrestrial and marine (salt and freshwater) fauna, each type of plant and 

animal category exhibiting different isotopic baselines.25  

                                                

Robert Michener and Kate Lajtha (Eds.), Stable Isotopes in Ecology and Environmental 

Science 2nd ed., (Hoboken: Blackwell Publishing, 2007). 

C. J. Allègre, Isotope Geology, (Cambridge: Cambridge University Press, 2008). 

23R. Longin, “New Method of Collagen Extraction for Radiocarbon Dating”, Nature 

volume 230, (1971): pp. 241-242. 

Michael J. DeNiro and Samuel Epstein, “Influence of diet on the distribution of carbon 

isotopes in animals”, Geochimica et Cosmochimica Acta, Vol. 42, (1978): pp. 495-506. 

T.A. Brown et al, “Improved Collagen Extraction by Modified Longin Method”, 

Radiocarbon vol. 30, no. 2, (1988): pp. 171-177. 

24Stanley H. Ambrose, “Preparation and Characterization of Bone and Tooth Collagen 

for Isotopic Analysis”, Journal of Archaeological Science 17, (1990): pp. 431-451. 

J. A. Lee-Thorp, “On Isotopes and Old Bones”, Archaeometry 50, 6, (2008): pp. 925-

950. 

25Charles H. Sullivan & Harold W. Kruegert, “Carbon isotope analysis of separate 

chemical phases in modern and fossil bone”, Nature vol. 292, (1981): pp. 333-335. 

Margaret J. Schoeninger, Michael J. DeNiro, and Henrik Tauber. “N-15/N-14 Ratios of 

bone-collagen reflect marine and terrestrial components of prehistoric human diet.” 

American Journal of Physical Anthropology 60, 252, (1983). 

Margaret J. Schoeninger, Michael J. DeNiro, and Henrik Tauber, “Stable Nitrogen 

Isotope Ratios of Bone Collagen Reflect Marine and Terrestrial Components of 
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The extraction of these isotopes can be done either from the organic portions of 

the bone (e.g. collagen), or the inorganic deposits (e.g. apatite), each one also yielding 

different life information on the diet of an organism.26 Between the two different types 

of skeletal materials, bone apatite is unique in that it is able to provide information 

about the entire diet of an organism because the carbon isotopes in it are derived from 

dissolved bicarbonates from the bloodstream.27 One significant shortcoming of apatite 

to note is that there is no nitrogen present in the substance, therefore faunal consumption 

can only be determined contextually if used in isolation.28 Bone collagen on the other 

hand contains both nitrogen and carbon isotopes, however because most of the carbon in 

collagen is from amino acids it is really only reliably used for determining the overall 

protein content of a diet. Collagen is the far more prevalent in SIA research data and the 

use of apatite along with collagen has only quite recently been seen in research. When 

interpreting SIA data, values for any given isotope are represented by a delta (δ) value 

which is a comparison between the sample isotope and some sort of isotopic standard in 

                                                

Prehistoric Human Diet”, Science, New Series, Vol. 220, No. 4604 (Jun. 24, 1983): pp. 

1381-1383. 

T. Douglas Price, Karin Margarita Frei, and Elise Naumann, “Isotopic Baselines in the 

North Atlantic Region”, in Viking Settlers of the North Atlantic: An Isotopic Approach 

Journal of the North Atlantic Special Volume 7, (2015): pp. 103-136. 

26Ambrose, Stanley H. and John Krigbaum, “Bone chemistry and bioarchaeology”, 

Journal of Anthropological Archaeology 22 (2003): pp. 193-199.  

27Stanley H. Ambrose and Lynette Norr, “Experimental evidence for the relationship of 

the carbon isotope ratios of whole diet and dietary protein to those of bone collagen and 

carbonate”, Prehistoric Human Bone: Archaeology at the Molecular Level, (1993): pp. 

1-37. 

28Emily C. Webb, Christine D. White, and Fred J. Longstaffe, “Investigating inherent 

differences in isotopic composition between human bone and enamel bioapatite: 

implications for reconstructing residential histories”, Journal of Archaeological Science 

50, (2014): pp. 97-107. 



 

9 

units permil (0/00) based off the calculation: δ = ((∆Rsample/∆Rstandard) -1) x 1000.29 These 

values are then used to interpret dietary patterns and more recently have been used in 

conjunction with statistical frameworks and mixing models as the method becomes 

better understood and more widely appreciated.30 In many archaeological contexts and 

time periods it has already become a mainstay tool, yet it has only in the past two 

decades really started to percolate into the foreground of Medieval studies in 

Scandinavian academia after initial earlier attempts.31 

The purpose of the present thesis is therefore to further develop the use of this 

methodology by consolidating, summarizing, and discussing a selected cross-section of 

stable isotopic research done on human diet in Medieval Scandinavia. The main 

objective is to better contextualize how this technique adds to our understanding of 

Medieval diet and to better explore its position as a fulcrum of sorts between the 

conventional approaches of historiography and traditional archaeology. This thesis 

strives in earnest to be representative rather than comprehensive or exhaustive, and it is 

accepted and accounted for that there will be some few papers or studies of significance 

that may have slipped through the cracks and were unknown to the author at the time. 

                                                
29Brian S. Chisholm, D. Erle Nelson and Henry P. Schwarcz, “Stable-Carbon Isotope 

Ratios as a Measure of Marine versus Terrestrial Protein in Ancient Diets”, Science, 

New Series, Vol. 216, No. 4550 (Jun. 4, 1982): pp. 1131-1132. 

30Hervé Bocherens et al., “Isotopic evidence for diet and subsistence of the Saint-

Cesaire I Neanderthal: review and use of a multi-source mixing model”, Journal of 

Human Evolution, 49, (2005): pp. 71-87. 

Ricardo Fernandes et al., “Food Reconstruction Using Isotopic Transferred Signals 

(FRUITS): A Bayesian Model for Diet Reconstruction”, PLoS ONE 9, 2, (2014): 

e87436. 

31Olav Sverre Johansen, Steinar Gulliksen, and Reidar Nydal, “δ13C and Diet: Analysis 

of Norwegian Human Skeletons”, Radiocarbon, Vol 28, No. 2A, (1986): pp. 754-761. 

Kerstin Lidén and Erle D. Nelson, “Stable carbon isotopes as dietary indicator, in the 

Baltic area”, Fornvännen 89:1, (1994): pp. 13-21. A cursory look at the table of 

contents in this paper will reveal just how heavily weighted this research corpus is 

towards the 21st century. 
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Provided will also be a catalogued reference list of publications, a brief summary of the 

major works within each geographical region, as well as appendices including the most 

relevant tables and figures. This thesis should thereby be seen as more of a springboard 

from which future discourse may be held as a result of the outline characterization and 

overview of this corpus. 

 As to which publications are included (or excluded for that matter) here and the 

rationale behind why they were selected, the exact search parameters used will be 

provided not only for maximum clarity and transparency, but also as justification for the 

specificity of scope exhibited herein. Research databases were parsed for studies 

matching the following criteria: the study must engage with stable isotopic analysis in a 

primary capacity; human diet must be either the primary focus or at least compose a 

substantial amount of content within the study; the primary focus of analyzed skeletal 

material must derive from Scandinavian populations (Scandinavian in this instance 

meaning the modern nations and territories of Denmark, Norway, Sweden, Iceland, and 

Greenland); and lastly the period of interest must be broadly situated within the 

generally accepted ‘Medieval period’ (ca. 1050-1550 CE) of Scandinavia.  

The first requirement is rather straightforward, a resource consolidating and 

summarizing stable isotopic research should include only studies which have engaged 

with the method directly.32 The second criteria is deemed necessary as SIA is not 

employed solely for dietary reconstruction. ‘Light’ isotopes other than carbon and 

nitrogen like oxygen, sulphur, and hydrogen have other applications (though sulphur 

and oxygen can also be tangentially used for dietary analysis) and ‘heavy’ isotopes such 

                                                
32There are plenty of examples of fine archaeological research that investigate diet in 

Medieval Scandinavia without the use of isotopic analysis, see for example: 

Paula Utigard Sandvik, “The vegetarian part of a late medieval diet. An example from 

Erkebispegården – The Archbishop’s Palace in Trondheim, Norway”, AmS-Skrifter 16, 

(2000): pp. 85-92. 

Símun V. Arge, “Viking Faroes: Settlement, Paleoeconomy, and Chronology” in 

Settlers of the North Atlantic: An Isotopic Approach, Journal of the North Atlantic 

Special vol. 7, (2014): pp. 1-17. 
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as strontium and mercury are often utilized for migration and epidemiological studies.33 

Given the high degree of mobility in Scandinavian populations during the Viking and 

Medieval periods, studies relying on heavy isotopes constitute a significant portion of 

isotopic research and their inclusion would balloon this project to a point beyond what 

could facilitate quality summation and discussion.  

The third criteria is twofold: firstly, in order to properly engage with 

reconstructing human diet, at a minimum human samples need to be analyzed and be the 

primary concern of the study; and secondly, the limitations of this project are such that 

there is simply not enough room to properly cover both the human and animal studies.34 

                                                
33‘Light’ versus ‘Heavy’ referring to the atomic weight of an element. A prime example 

of a migration study using strontium can be found here: 

T. Douglas Price, Jens N. Nielsen, Karin Margarita Frei, and Niels Lynnerup, 

“Sebbersund: isotopes and mobility in an 11th-12th c. AD Danish churchyard”, Journal 

of Archaeological Science 39, (2012): pp. 3714-3720. 

Less commonly used, isotopes like mercury have found use in studies exploring medical 

treatments, for instance: 

Kaare Lund Rasmussen et al., “Mercury levels in Danish Medieval human bones”, 

Journal of Archaeological Science 35, (2008): pp. 2295-2306. 

Light isotopes are also used outside of nutrition and ecology though, for instance in new 

approaches towards facial reconstruction: 

Stian Suppersberger Hamre et al., “Three individuals, three stories, three burials from 

medieval Trondheim, Norway”, PLoS ONE 12, 7, (2017): e0180277. 

34Studies indirectly investigating human diet via material culture are not counted either, 

such as: 

Monika Olsson and Sven Isaksson, “Molecular and isotopic traces of cooking and 

consumption of fish at an Early Medieval manor site in eastern middle Sweden”, 

Journal of Archaeological Science 35, (2008): pp. 773-780. 

Archaeofaunal-focused studies are also not included, for instance: 

D.J. Halley and Jørgen Rosvold, “Stable isotope analysis and variation in medieval 

domestic pig husbandry practices in northwest Europe: absence of evidence for a purely 

herbivorous diet”, Journal of Archaeological Science 49, (2014): pp. 1-5. 
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Stable isotopic analysis of faunal remains is inarguably equally as important, if for no 

reason other than that establishing a local faunal isotopic baseline is the best means for 

contextualizing the human isotopic values. The problem with most faunal studies 

however is that they are often done as part of a series of publications and purely for the 

sake of providing a basis for subsequent papers centered on human activity. Very rarely 

do they pursue specific interests or add anything beyond their functionality as tools to 

better reconstruct human diet. As such they have been excluded from the focus of this 

thesis.35 The additional criteria for the inclusion of only Scandinavian populations was 

also a means of constraining the scope of this paper to manageable level, as a great deal 

of SIA research has been done in Europe as a whole (the British Isles in particular), and 

there is just not enough room here to also include other geographical contexts unless the 

fundamental purpose of this study was appropriately redefined to facilitate a focus on 

interregional comparison.36  Since our intent here is to better understand what the use of 

stable isotopic analysis has added to the knowledge of Medieval Scandinavian diet and 

why it is meaningful to continue using it, only Scandinavian locales are the subject of 

analysis. The sections of this work will be equivalently separated by region as well, so 

                                                

David C. Orton et al., “Stable Isotope Evidence for Late Medieval (14th–15th C) 

Origins of the Eastern Baltic Cod (Gadus morhua) Fishery”, PLoS ONE 6, 11, (2011): 

e27568. 

35Here is a perfect example of one of these routine food web reconstructions and local 

faunal baseline establishment studies being done only for the sake of future research: 

Katja von Steinsdorff and Gisela Grupe, “Reconstruction of an Aquatic Food Web: 

Viking Haithabu vs. Medieval Schleswig”, Anthropologischer Anzeiger, Jahrg. 64, H. 3 

(2006): pp. 283-295. 

36A couple notable examples of nearby European dietary studies would be: 

Caroline Polet and M.A. Katzenberg, “Reconstruction of the diet in a mediaeval 

monastic community from the coast of Belgium”, Journal of Archaeological Science 

30, (2003): pp. 525-533. 

Gundula Müldner and Michael P. Richards, “Fast or feast: reconstructing diet in later 

medieval England by stable isotope analysis”, American Journal of Physical 

Anthropology 32, (2005): pp. 39-48. 
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that similar sites and authors can be kept closer together for easier referencing and to 

assist in the identification of any unifying themes within regional academic traditions.  

As to the fourth and final criteria, there has already been a great deal of isotopic 

work done on earlier prehistoric periods (such as the Viking Age) in Scandinavia.37 The 

Medieval period was selected in particular due to the observation that there was a 

paucity of SIA research done on the time period, the reception to existing research has 

not appear to have shifted any paradigms or created significant discussion, and the 

importance of better understanding the overall results and characterization of the 

method in this specific context. Through the consolidation and synthesis of stable 

isotopic research on human diet in Medieval Scandinavia, hopefully all of these things 

and more can be illuminated in service of the noble pursuit of better understanding the 

historical past. 

 

 

 

 

 

 

 

 

 

 

 

                                                
37Within Scandinavia the recent focus seems to be weighted towards the iconic Viking 

Age and its direct precedents, see: 

Anna Linderholm et al, “Diet and status in Birka: stable isotopes and grave goods 

compared”, Antiquity 82, (2008a): pp. 446-461. 

Marie Louise S. Jørkov, Lars Jørgensen and Niels Lynnerup, “Uniform Diet in a 

Diverse Society. Revealing New Dietary Evidence of the Danish Roman Iron Age 

Based on Stable Isotope Analysis”, American Journal of Physical Anthropology 143, 

(2010): pp. 523-533. 
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CHAPTER II 

 

DENMARK 

 

Agricultural and subsistence patterns during the Middles Ages changed 

fundamentally in Denmark well before its more northerly neighbors. This is partly due 

to its relatively earlier Christianization (along with new beliefs came new dietary 

prescriptions such as fasting and abstaining from meat) and partly due to the fact that 

Denmark is a continental European landmass that boasts of a greater acreage of arable 

land and less severe climatological challenges than the other regions of Scandinavia.38 

Grains such as barley, winter rye, and oats were used for porridges, breads, beers and 

more and served as the backbone of the Medieval Danish diet, legumes being an 

important staple crop as well.39 Fruits such as apples, root vegetables like turnips and 

onions, and leafy greens like cabbage and kale were also consumed on a reportedly 

regular basis (though fruits less often) and gardens are considered to have been 

reasonably prolific. Animal product consumption was far more seldom and derived 

predominantly from cattle, sheep, and pigs with cow products being the most common.  

                                                
38Anders Winroth, The Conversion of Scandinavia: Vikings, Merchants, and 

Missionaries in the Remaking of Northern Europe, (New Haven & London: Yale 

University Press, 2012). 

Poulsen, “11. Scandinavia, 1000–1750”, pp. 331-333. 

Sæbjørg Walaker Nordeide and Jennifer R. McDonald, “Canonical Observance in 

Norway in the Middle Ages: The Observance of Dietary Regulations”, in Medieval 

Christianity in the North: New Studies, Kirsi Salonen, Kurt Villads Jensen, and Torstein 

Jørgensen (Eds.), (Turnhout: Brepols Publishers, 2013), pp. 41-67. 

39Eljas Orrman, “The Condition of the Rural Population”, In The Cambridge History of 

Scandinavia, edited by Knut Helle, (Cambridge: Cambridge University Press, 2003), 

pp. 581-610. 

Melitta Weiss Adamson, Food in Medieval Times, (London, Greenwood Press, 2004). 

Massimo Montanari, Medieval Tastes: Food, Cooking, and the Table. (New York: 

Columbia University Press, 2015). 
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Due to its geographic proximity to fresh and salt bodies of water, fish such as 

pike, perch, cod, herring, and haddock and several other species seem to have been 

regularly consumed and used as a proxy for meat protein in observation of religious 

practices or limited economic means. In general, the differences in consumption of fish 

versus meat has largely been characterized as a matter of location and class, the more 

affluent, urban populations ingesting more meat relative to the more rural, poorer 

populations who likely supplemented their lacking dietary protein with dried or salted 

fish.40 Utilization of birds seems to have been limited too, with eggs and game fowl 

really only appearing on the tables of the elite segments of society with any sort of 

regularity.  

  Often, discussion of Medieval Danish agriculture is demarcated into two 

periods, an earlier one approximately covering the mid-11th to late 13th centuries and a 

later one covering the early 14th to mid-16th centuries.41 The former is characterized by 

the prosperity and nation-building of the preceding Viking Age as well as the warming 

climatic period which altogether created conditions suitable for a rapid and explosive 

period of population growth accompanied and supported by a fundamental shift in 

subsistence to cereal grains. The latter by comparison is characterized by the cooling 

period ( also known as the ‘Little Ice Age’) in Europe during this time and two 

catastrophic events, the Late Medieval Agrarian Crisis and the Black Death, both of 

which doing much to revert the changes brought about by the earlier period.42 While 

these two events are not the focus of this section and have been discussed in greater 

                                                
40Cassady Yoder, “Let them eat cake? Status-based differences in diet in medieval 

Denmark”, Journal of Archaeological Science 39, (2012): pp. 1183-1193. 

41Christopher Dyer, Standards of Living in the Later Middle Ages, (Cambridge: 

Cambridge University Press, 1989). 

Brian Fagan, The Little Ice Age: How Climate made History 1300-1850, (New York: 

Basic Books, 2000). 

42William Chester Jordan, The Great Famine: Northern Europe in the Early Fourteenth 

Century, (Princeton: Princeton University Press, 1997). 

Ole Jørgen Benedictow, Black Death 1346–1353: The Complete History, (Woodbridge: 

Boydell Press, 2004). 
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detail elsewhere, they are nonetheless important to mention in that the assertions put 

forth by historians and the like were that these crises led to a wholesale shift away from 

cereal grains and towards cattle-based pastoralism in the later Medieval period. In other 

words, meat and dairy were considered to be preferable alternatives in a post-Bubonic 

Plague landscape where the necessary labor to maintain a cereal-based agricultural 

system was nonexistent and the established ‘bread culture’ needed to maintain itself 

through importation and commerce.43 It is clear that the exploration of this shift has 

been much of the focus in not only the historiographical by archaeological research 

presented in this section. 

When looking at the corpus of SIA research focused on human diet in Denmark 

during the Medieval period in particular, it is clear that they are not as focused the 

historiography, and are actually quite varied in their scope and theoretical approaches 

covering an assortment of topics from settlement-level economic changes over time, to 

regional status based differences in diet, to even the investigation of health and nutrition 

outcomes in a single notable individual. Denmark also happens to be the only region in 

Scandinavia that is playing with the boundaries of the methodology itself, comparing 

the efficacy of protocols, testing the utilization of non-standard skeletal material, and 

even leveraging SIA of diet as a means of improving accurate chronological dating.  

Taken into consideration altogether then, it is rather difficult and potentially 

even fruitless to attempt to categorize the Danish corpus into a single loosely defined 

theme or paradigm based on the evident disparate research approaches. In terms of 

datasets, there also seems to be a high degree of compartmentalization with researchers 

tending to only borrow from themselves or highly visible papers from outside of the 

region.44 This is likely one of the major reasons behind why such a wildly varied 

amount of topics can be found, as it appears from the outside looking in that the logical 

                                                
43Poulsen, “11. Scandinavia, 1000–1750”, pp. 343-345. 

44There is an observable trend in using the well-established local baselines of studies 

from the British Isles, for example those in Müldner and Richards, “Fast or feast: 

reconstructing diet in later medieval England by stable isotope analysis”, pp. 39-48. 

This is problematic as local baselines can not simply be substituted for ones from other 

regions which are naturally subjected to different internal and external factors. 
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conclusion of having limited collaboration, little to no comparative analysis, and few 

projects building off of existing data is a series of papers whose purview and objectives 

rarely if ever overlap. This in turn gives the impression that little dialogue is happening 

between the scholars within Denmark that are familiar with this method and its 

application, and even if this is not actually the case it is really the only conclusion that 

can be drawn from looking at the corpus itself. As the field of isotopic studies continues 

to grow and the number of Medieval sites within Denmark that have not been sampled 

continues to dwindle, hopefully the walls closing in on these archaeologists will finally 

force them into cooperation and some semblance of concerted effort can be made into 

developing the application of stable isotopic analysis on Medieval Scandinavian 

material.  
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YODER 2006; 2010; 201245 

 

The oldest publication that meets our criteria, this dissertation sought to 

corroborate or refute claims by Medieval historians that the Late Medieval Agrarian 

Crisis and the Black Death plague epidemic shifted dietary patterns from cereal grains 

to pastoralism in Denmark through stable isotopic and osteological analyses of human 

remains by specifically looking at the differences in said analyses along lines of sex, 

time period, site, and social status. Likely inspired by similar, albeit smaller-scale 

projects in England and the British Isles undertaken several years earlier and by 

capitalizing on Denmark’s massive repositories of skeletal material, Yoder was able to 

process and analyze 197 individuals from the Medieval sites of Øm Kloster (n=98), St. 

Mikkel (n=45), and Ribe (n=54).46  

The period of study was the 11th-16th centuries and Yoder separated individuals 

from the three sites into ‘Early’ 1050-1300 CE (n=72), ‘Middle’ 1300-1375 CE (n=62), 

and ‘Late’ 1375-1150 CE (n=63) periods. The results of this work seemed to suggest 

that contrary to the assumptions of historians, there was little evidence of dietary change 

over time with no evidence of the supposed widespread preference for pastoralism over 

cereal grain agriculture.47 Rather, diet differed more between the sites themselves (urban 

vs rural) and by class (monastic vs peasant; layperson vs elite), with little differences 

between the sexes in most cases (directional differences in sex based on site selection 

were present however).48 These conclusions were quite fascinating not simply based on 

                                                
45Cassady J. Yoder, “The Late Medieval Agrarian Crisis and Black Death Plague 

Epidemic in Denmark: A Paleopathological and Paleodietary Perspective”, PhD diss., 

Texas A&M University, 2006. 

Cassady Yoder, “Diet in medieval Denmark: a regional and temporal comparison”, 

Journal of Archaeological Science 37, (2010): pp. 2224-2236. 

Yoder, “Let them eat cake? Status-based differences in diet in medieval Denmark”, pp. 

1183-1193. 

46See Table 1 in Appendix A. 

47See Table 2 & Table 3 in Appendix A. 

48See Table 4, Table 5 & Table 6 in Appendix A; Figure 1 & Figure 2 in Appendix B. 
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the data itself, but also in the way that using a scientific approach placed archaeology in 

the role of arbitrator, adding a new layer to the arguments of contention already present 

within the humanities. This dissertation also quite cogently illuminated the efficacy of 

SIA when used with a large, intraregional sample size. Prior to this publication, most 

Medieval dietary studies like those done at Wharram Percy or the Orkney Isles were 

working with only dozens of individuals if even that, but certainly not nearly 200!49   

With a solid methodological basis for following up on prior undertakings, Yoder 

published two other Danish Medieval dietary studies in 2010 and 2012 by building off 

his 2006 findings and exploring the major threads of his conclusions in independent 

projects. The earlier publication was rooted in being more of a regional and temporal 

comparison as well as food web reconstruction, using mostly previously determined 

zooarchaeological 15N and 13Ccoll values with stable isotopic analysis of 154 human 

individuals from the three sites of Øm Kloster, St. Mikkel, and Ribe across the similarly 

defined ‘Early’, ‘Middle’, and ‘Late’ periods of Medieval Denmark (11th-16th 

centuries).50 This study also presented the inclusion of bone apatite analysis, a skeletal 

material that is not commonly included in most other Medieval SIA dietary studies for 

reasons stated in the introduction. Results reaffirmed Yoder’s prior findings that there 

                                                
49This still pales in comparison to the 3,132 individuals sampled in this Medieval 

epidemiological study in Denmark:  

Jesper L. Boldsen, “Leprosy in Medieval Denmark — Osteological and epidemiological 

analyses” Anthropologischer Anzeiger, Vol. 67, No. 4, (2009): pp. 407-425. 

Yet, is certainly more robust than the paltry dozen or so samples in well-known studies 

such as: 

Michael P. Richards, Simon Mays, and Benjamin T. Fuller, “Stable carbon and nitrogen 

isotope values of bone and teeth reflect weaning Age at the Medieval Wharram Percy 

Site”, American Journal of Physical Anthropology 119, (2002): pp. 205-210. 

Michael P. Richards, Benjamin T. Fuller, and Theya I. Molleson, “Stable isotope 

paleodietary study of humans and fauna from the multi-period (Iron Age, Viking and 

Late Medieval) site of Newark Bay, Orkney”, Journal of Archaeological Science 33, 1, 

(2006): pp. 122-131. 

50See Table 7 in Appendix A; Figure 3, Figure 4, Figure 5 & Figure 6 in Appendix B. 
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was in fact the presence of some regional patterning in diet, but that temporal 

differences were virtually nonexistent, suggesting that there was no major shift away 

from cereal grains and towards livestock pastoralism over the course of the Medieval 

period in Denmark. 

In the 2012 publication, which is perhaps one of it not the more oft-cited and 

visible Medieval SIA study in Europe, Yoder explored the status-based differences in 

diet between peasants, monks, and wealthy individuals interred at the Cistercian 

monastery Øm Kloster.51 Just as with Yoder’s previous publication, this was an attempt 

to reaffirm the conclusions made in his dissertation, namely that social status did in fact 

alter dietary patterning. Using a smaller sample size relative to his other studies (98 

individuals versus 197 and 154), Yoder’s results indicated that were clear indications 

that social class did indeed affect diet as elite individuals exhibited significantly 

enriched δ15N and δ13C values when compared to the peasant and monastic population.52 

Additionally, though there was little change in peasant and elite diet over time, monastic 

diet seemed to shift away from peasant class values and more closely resemble that of 

elite status diet by the close of the Medieval period likely mirroring the increasing 

importance of the Church and its members. This emphasis on class based dietary 

analysis makes this paper especially valuable, as being able to delineate where the lay, 

monastic, and aristocratic populations nutritional outcomes were when the written 

record is so clearly skewed towards the upper class is a meaningful contribution to our 

understanding of the past that is not commonly portrayed and one that validates this 

particular theoretical approach for use in other Medieval dietary studies. 

 

  

                                                
51Anecdotally, using the search terms ‘diet+in+Medieval+Denmark’ in several 

university library databases (University of Texas at Austin, University of Iowa, Aarhus 

University, University of Iceland) and Google (both standard and ‘Scholar’ search 

engines) yields within the first few results one or more publications by Yoder. 

52See Table 8 & Table 9 in Appendix A; Figure 7, Figure 8 & Figure 9 in Appendix B. 
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GRUPE, HEINRICH, AND PETERS 200953 & GRUPE, VON CARNAP-

BORNHEIM, AND BECKER 201354 

 

These two papers also attempted reconstruction of a local food web and 

observation of temporal changes in dietary preferences at the settlement level. Though 

technically in present-day Germany, the coastal Viking Age settlement of Haithabu 

(9th-11th centuries) and its Medieval replacement Schleswig (11th-13th centuries) are 

counted as being Scandinavian studies for our purposes as unlike the British Isles which 

were distinctly not Nordic for virtually all of their history outside of the brief Viking 

Age period and Danelaw, the Schleswig region was up until 1864 culturally and 

ethnically Scandinavian.55  

In the first publication, predominantly zooarchaeological materials (n=141) of 

mostly fish, birds, and mammals from both sites were analyzed for carbon and nitrogen 

isotopic levels in addition to a small selection of human remains (n=10) from the 

Schleswig period in an attempt to establish an isotopic baseline in this area for further 

study.56 The results were that the surrounding brackish environment provided a complex 

web of subsistence options for the local human populations that would require isotopic 

mass mixing models to decipher fully, but that the reported bone collagen and carbonate 

values derived from their analysis could be used to define salinity gradients in the 

nearby aquatic environments. This study showed how to approach the analysis of a 

waterfront settlement at the intersection of several different biomes and account for 

changes in fauna over time, something with broadly applicable value for a region such 

                                                
53Gisela Grupe, Dirk Heinrich, Joris Peters, “A brackish water aquatic foodweb: trophic 

levels and salinity gradients in the Schlei fjord, Northern Germany, in Viking and 

medieval times”, Journal of Archaeological Science 36, (2009): pp. 2125-2144. 

54Gisela Grupe, Claus von Carnap-Bornheim & Cornelia Becker, “Rise and Fall of a 

Medieval Trade Centre: Economic Change from Viking Haithabu to Medieval 

Schleswig Revealed by Stable Isotope Analysis”, European Journal of Archaeology, 16, 

1, (2013): pp. 137-166. 

55Michael Embree, Bismarck's First War: The Campaign of Schleswig and Jutland, 

(Solihull: Helion & Company Limited, 2006). 

56See Table 10 in Appendix A; Figure 10 & Figure 11 in Appendix B. 
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as Scandinavia. Also of interest, was that there was no discernible marine signal from 

the human samples (mean δ15N 10.9 0/00 and mean δ13C 20.1 0/00) despite annual and 

ready access to the Schlei fjord, suggesting that either obtained fish were exported via 

trade rather than local consumption, fish were eaten only occasionally and therefore 

would not create a detectable signal, or there was some sort of idiosyncratic or unseen 

socio-economic variable that led the population of Schleswig underutilizing marine 

faunal protein. 

The follow-up paper to the 2009 work was published four years later and would 

return this time only to Medieval Schleswig, the purpose being to use the dietary 

changes in the population over time as a means of corroborating the historically 

documented economic rise and fall of this important Medieval trade center. Using the 

isotopic baseline from the previous study, 236 individuals were analyzed from the 

Schleswig Rathhausmarkt (divided into an ‘Early’ 1070-1140 CE phase and a ‘Late’ 

1140-1210 CE phase) and 60 individuals from the St. Clements church cemetery (1250-

1350 CE). With nearly 300 samples analyzed, this is the single largest dietary study 

covered within this thesis and potentially within all of Medieval Scandinavian research.  

The results of the bone collagen carbon and nitrogen values seemed to suggest a 

noticeable shift over time in subsistence, primarily from fishing to that of agriculture, 

specifically to cereal crops and terrestrial protein sources such as game and 

domesticates.57 Additionally, the shift did not reduce the overall protein supply, so this 

reinforces the evidence for such a shift as it is likely that protein was being obtained 

through mostly plant sources rather than marine faunal sources. Of note is that during 

this same period, the opposite conclusions were found in studies done within the Orkney 

Isles which proposed that an intensification of Medieval fishing pushed coastal 

settlements more into marine faunal subsistence rather than away.58 Perhaps this is 

preliminary evidence that subsistence strategies begin to meaningfully diverge in 

Europe during this period based on emerging consumption patterns resulting from 

                                                
57See Table 11 in Appendix A; Figure 12 & Figure 13 in Appendix B. 

58Richards, Fuller, and Molleson, “Stable isotope paleodietary study of humans and 

fauna from the multi-period (Iron Age, Viking and Late Medieval) site of Newark Bay, 

Orkney”, pp. 122-131. 
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agricultural, economic, and distribution logistical differences? Population size and 

growth likely play a role as does the scale of agricultural production, but geographic 

constraints and political organization are just as plausible of reasons for said divergence 

and it would be the first instance of documented differences in approaches between the 

Scandinavian kingdoms.59 

 

  

                                                
59Differences in intensification of fishing between Norway and Denmark for instance, 

this seems to be a point of divergence between the regional economies that perhaps 

begins showing here as supported by: 

Poulsen, “11. Scandinavia, 1000–1750”, p. 353. 
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JØRKOV, HEINEMEIER, AND LYNNERUP 200760 

 

Not every dietary study working with Medieval Danish skeletal remains has 

been concerned with reconstructing food webs or tracking patterns in settlements by 

class or time. The following series of four papers are much more closely related to 

methodological experiments intent on refinement of the ways in which archaeological 

researchers approach the use of stable isotopic analysis in their work. In the earliest of 

the four, this study sought to compare the carbon and nitrogen output and collagen yield 

obtained from the three main methods of extraction (those being Deniro and Epstein 

1978, Longin 1971, and the modified version of Longin’s method by Brown et al 1988) 

in order to determine which method if any is the most efficient and effective one.61 

Using eight samples from five individuals dated to the Medieval cemetery Ahlgade 15-

17 in Holbæk, what this research uncovered was that there existed a clear cut and 

systemic difference in the yield and values of carbon between the three methods (though 

no significant differences for nitrogen values).62  

It was determined that by using the Deniro and Epstein 1978 method with NaOH 

as a cleaning agent, carbon values of +- .32 0/00 more positive in value could be obtained 

versus utilization of the other two methods of extraction. The argument put forth in this 

study was that though this difference was admittedly small, adherence to standardized 

methodology and lab protocol is an important aspect of using SIA for dietary studies 

going forward if the desire for more science in archaeology is genuine. This is a 

sentiment that at present seems to have yet to work its way seriously into broader 

discourse within Scandinavia. There is a legitimate concern put forth here that without 

                                                
60Marie Louise S. Jørkov, Jan Heinemeier, and Niels Lynnerup, “Evaluating bone 

collagen extraction methods for stable isotope analysis in dietary studies”, Journal of 

Archaeological Science 34, (2007): pp. 1824-1829. 

61Longin, “New Method of Collagen Extraction for Radiocarbon Dating”, pp. 241-242. 

DeNiro and Epstein, “Influence of diet on the distribution of carbon isotopes in 

animals”, pp. 495-506. 

Brown et al., “Improved Collagen Extraction by Modified Longin Method”, pp. 171-

177. 

62See Table 12 & Table 13 in Appendix A; Figure 14 & Figure 15. 



 

25 

proper standardization of methodology and greater care and observance by researchers 

to be cognizant of how they are performing their analysis, that data sets veer closer to 

being circumstantially comparable rather than directly and this severely impacts and 

reduces the ability of future studies to perform more complex statistical modeling or 

building off of existing data sets for multidimensional analysis.  
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ROSE, MEADOWS, AND BJERREGAARD 201863 

 

Looking at this publication, stable isotopic and osteological methodologies were 

combined in a Bayesian framework to attempt to refine the dating of multiple grave 

burial 156 at St. Alban’s Church in Odense on the isle of Funen through differences in 

diet. Their goal was to date the burial events to a range of <20 years compared to the 

previous 1100-1500 CE range determined stratigraphically and took samples from the 

1st molar of the five juveniles within the grave (x241, x242, x243, x244, & x252).64 The 

results were that while the radiocarbon results could only refine the 400 year 

stratigraphic range down to a 150 year spread, by analyzing differences in fish 

consumption between the five individuals combined with marine reservoir effects and 

calendar age offsets exhibited through skeletal analysis, a date of 1425-1445 CE was 

calculated with 95% probability also placing the grave within two plague epidemics.  

Though not a ‘traditional’ dietary study (i.e. larger sample size, food web 

reconstruction, settlement-level subsistence reconstruction, etc.), is extremely valuable 

if it can be replicated reliably. Radiocarbon dating of Medieval graves in Denmark is 

usually prohibitively costly with a single sample being as expensive as any ten samples 

sent off for SIA at the Aarhus AMS Center (AARAMS), and in many cases not even as 

accurate as historical documentation.65 If the model and framework used by this study 

could be applied to other sites and achieve similar results, perhaps with a test case that is 

already strongly dated and would be used to test the validity of the results, this 

methodology could be a welcome addition to the Medieval archaeologists toolkit and 

further refine our knowledge of the past beyond what is capable through other 

disciplines. 

 

                                                
63Helene Agerskov Rose, John Meadows, Mikael Bjerregaard, “High-Resolution Dating 

of a Medieval Grave”, Radiocarbon, Vol. 60, Nr. 5, (2018): pp. 1547-1559. 

64See Table 17, Table 18 & Table 19 in Appendix A; Figure 18 in Appendix B. 

65From personal experience, at AARAMS the price of processing a single sample for 

stable isotopic analysis (13C) was only around 100 DKK or $15.00 USD, whereas for 

radiocarbon dating (14C) that sample would cost around 1000 DKK or $150.00 USD. 



 

27 

VAN DER SLUIS, REIMER, AND LYNNERUP 201566 

 

Along the lines of using SIA as a complementary tool to radiocarbon dating is 

this study. Part of a larger multi-period project investigating coastal environmental 

interaction in the Limfjord region of Denmark, this paper served as a case-study to test a 

new high-resolution method of dietary reconstruction which utilizes SIA of 

incrementally sectioned dentine and radiocarbon dating to measure intra-individual age 

differences. Taken from the Aalborg monastery and church cemetery (ca. 1240-1530 

CE), ten samples for isotopic analysis and eight samples for radiocarbon dating were 

extracted, mostly from the maxillary second molar. The conclusions of this paper were 

that incremental sectioned dentine testing can in fact produce useful results on well-

preserved teeth, showing changes in an individual's childhood diet including the late 

stages and cessation of weaning in some cases. By taking multiple snapshots of a single 

person’s diet over their early development, rapid dietary changes that would usually be 

undetectable if samples were taken from say a femur or rib are suddenly able to be 

patterned.67 Perhaps the most promising discovery in this study, it was exhibited that 

using different sections of tooth dentine with different isotopic signals can provide 

different radiocarbon dates. It was advised that not only should this matter be 

investigated further using a large sample size, but also that it should be something 

acknowledged by researchers using tooth dentine for radiocarbon dating that either the 

whole tooth needs to be dated so an average is obtained or the use of the incremental 

sectioning method from Beaumont et al 2013 be employed.68   

 

                                                
66Laura G. van der Sluis, Paula J. Reimer, and Niels Lynnerup, “Investigating Intra-

Individual Dietary Changes and 14C Ages Using High-Resolution δ13C and δ15N 

Isotope Ratios and 14C Ages Obtained From Dentine Increments”, Radiocarbon, Vol. 

57, Nr. 4, (2015): pp. 665-677. 

67See Figure 19 in Appendix B. 

68J. Beaumont, A. Gledhill, J. Lee-Thorp, and J. Montgomery, “Childhood diet: a closer 

examination of the evidence from dental tissues using stable isotope analysis of 

incremental human dentine”, Archaeometry 55, 2, (2013): pp. 277-295. 
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JØRKOV, HEINEMEIER, AND LYNNERUP 200969 

 

In this publication, a different sort of methodological test would be undertaken 

using a set of 58 individuals of mixed adults and juveniles again from Medieval 

Holbaek dated to 1200-1573 CE. Samples were taken from the femur, rib bones, petrous 

section of the temporal bone with dentine from the root of 1st molars taken from 16 of 

the individuals in order to test the carbon and nitrogen values obtained from different 

portions of skeletal material.70 Though SIA of dentine has become more commonplace 

and will be discussed later in this chapter, most studies seem to only obtain samples 

from the femur or rib bones. The reasons for why these particular bones are selected has 

already been discussed, but again it will be said that given the destructive nature of SIA 

most institutions are loathe to loan out anything else as rib bones are generally found 

fragmented and are morphologically uninteresting in most cases, and femurs possess a 

significant amount of skeletal material allowing for extraction of samples without 

fundamentally destroying the structural integrity of the bone.  

In any case, it was determined that the petrous bone possesses an isotopic signal 

like that of the 1st molar but different to that of the femur and ribs which exhibited only 

minor variations with each other. Furthermore, it was suggested that given the variance 

in bone turnover rate between all these different skeletal elements, the petrous bone 

might be a useful means of complementing or in the event of absence replacing teeth for 

analysis of fetal/juvenile diet. What this paper really highlights is that there exists 

potential in more individualized SIA studies where various skeletal components are 

sampled from a single specimen therefore leading to a more complete snapshot of their 

diet from ‘cradle to grave’ so to speak. 

 

 

                                                
69 Marie Louise S. Jørkov, Jan Heinemeier, Niels Lynnerup, “The Petrous Bone—A 

New Sampling Site for Identifying Early Dietary Patterns in Stable Isotopic Studies”, 

American Journal of Physical Anthropology 138, (2009): pp. 199-209. 

70See Table 14, Table 15 & Table 16 in Appendix A; Figure 16 & Figure 17 in 

Appendix B. 
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KACKI ET AL 201871 

 

As it turns out, exactly this type of research would be carried out in a quite 

recent and intriguing study on the health and diet of Danish astronomer Tycho Brahe 

(1546-1601). Technically born during our definition of the Medieval period, this study 

was deemed far too fascinating to exclude on the principle of strict chronology. 

Essentially, this paper used paleopathological and stable isotopic analysis to reconstruct 

Brahe’s diet and health, such as looking the medullar and cortical dimensions of the 

femoral shaft to gauge his estimated body fat. Their conclusions allowed them to 

classify him as obese, supported by enriched nitrogen levels indicating high degrees of 

terrestrial and marine faunal sources, and reflected his well-documented high social 

status.72 Additionally, explorations of comorbidities associated with obesity were 

reviewed based on the recorded symptoms at the time of his death and even go as far as 

to suggest a possible cause of said symptoms such as diabetes, alcoholic ketoacidosis, 

and benign prostatic hypertrophy. While the broad application of the approach used here 

is just simply not possible for a wide variety of reasons, it does lend some credence to 

the possibility of pursuing some smaller scale more individualized studies when 

permissible rather than continually striving for continually larger data sets in the name 

of statistical significance. There is no doubt that reconstruction of settlement or even 

regional dietary patterns is a worthwhile endeavor, but by only reducing an aspect of 

human past as complex and important as subsistence to statistical modelling and 

spreadsheets might be a step too far in the abstraction and needs to be placed alongside 

robust and rigorous historiographical support when possible. Regardless, a study such as 

this shows us that there is still room and means to humanize and personalize stable 

isotopic studies without sacrificing the efficacy or validity of their results. 

 

 

                                                
71Kacki et al, “Rich table but short life: Diffuse idiopathic skeletal hyperostosis in 

Danish astronomer Tycho Brahe (1546-1601) and its possible consequences”, PLoS 

ONE 13, 4, (2018): e0195920. 

72See Table 20 in Appendix A; Figure 20 in Appendix B. 
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COLE, MANNINO, AND FULLER 2019 (FORTHCOMING)73 

 

The most recent of the Danish Medieval dietary studies, this forthcoming paper 

is the author’s own contribution to the Scandinavian corpus using primary stable 

isotopic analysis data, included here for availability of use prior to publication. As part 

of an excavation by the Nordjyllands Historiske Museum under the direction of museum 

inspector Lars Egholm Nielsen, 52 human individuals were recovered from what is 

thought to be an Early Medieval blacksmithing site in Kirketerp Ødekirkegård near 

Hobro, Denmark. Classification and dating of the site was determined by the presence 

of a significant amount of slag materials and a forge, and 12 samples of charcoal and 

botanical remains were radiocarbon dated to the Late Viking Age/Early Medieval period 

(ca. 793-1066 CE/1050-1300 CE) with 5 human samples giving radiocarbon dates 

exclusive to the Medieval period. The demographics of the burials were that of mostly 

women (n=19) and children (n=22), while men (n=6) and individuals of unknown sex 

(n=5) comprised a surprisingly small proportion of the assemblage. Of note is that a 

noticeable number (n=11) of the juvenile individuals were younger than six years of age 

(four infants/premature babies among them). Combined with the fact that most women 

(n=12) were in the 20-40 year-old bracket, this indicates a high rate of childhood 

mortality and childbirth related mortality typical for this time.  

The purpose of this paper was to obtain carbon and nitrogen isotopic values 

from bone collagen in order to evaluate the diet of the human population at this site as 

well as filling in the geographical gap in isotopic data between Aalborg and Viborg in 

northern Jutland. Additionally, this paper plans to delve more into the historiographical 

side of the story to uncover more information about the circumstances of this site in 

order to further illuminate and contextualize the isotopic data as it seems there has been 

little published about Medieval Hobro in general. Limited potential for intraregional 

comparison exists due to the small sample size of the current study and the use of 

                                                
73Zachary A. Cole, Marcello Mannino, and Benjamin T. Fuller, “Untitled dietary study 

on Medieval Hobro, Denmark”, (unpublished manuscript, May 6th, 2019), forthcoming. 
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different skeletal materials in nearby studies (teeth dentine in Aalborg; use of apatite in 

St. Mikkel at Viborg).74  

For dietary reconstruction, of the 52 human burials 25 samples were sent to the 

Moesgaard ArchaeoScience Laboratory of the Department of Archaeology and Heritage 

Studies for processing before being measured at the Aarhus AMS Centre (AARAMS).75 

Samples were treated using the Longin 1971 method modified by Brown et al 1988, 

meaning that use of the ultrafiltration method was accomplished (accepting that recent 

findings, namely that Jørkov et al 2007 found slightly more efficient collagen extraction 

using the DeNiro and Epstein 1978 method using NaOH as cleaning agent over the 

modified Longin 1971 method per Brown et al 1988).76 All samples met the quality 

criteria for well-preserved collagen per van Klinken 1999.77 The results of our SIA was 

a mean δ13Ccoll value of -19.67 (range of 1.82) and a mean δ15N value of 11.65 (range of 

4.23) indicating a largely terrestrial diet comprised of domesticates and C3 plants 

(though no mixing model has been applied at this stage) based on the depleted nitrogen 

values.78 This determination seems to be in line with values at similar sites during the 

same period such as Øm Kloster from Yoder 2010 which had a mean δ13Ccoll value of -

                                                
74van der Sluis, Reimer, and Lynnerup, “Investigating Intra-Individual Dietary Changes 

and 14C Ages Using High-Resolution δ13C and δ15N Isotope Ratios and 14C Ages 

Obtained From Dentine Increments”, pp. 665-677. 

Yoder, “Diet in medieval Denmark: a regional and temporal comparison”, pp. 2224-

2236. 

75Jannie Holm Larsen and Lars Egholm Nielsen, “Smedjetomt med mulig relation til 

Kirketerp, Ødekirke, Hobro.” 

https://naturvidenskab.moesgaardmuseum.dk/index.php?vis_journal=2271&vis_sag=50

95 

76Longin, “New method of collagen extraction for radiocarbon dating, pp. 241-242.  

Brown et al., “Improved collagen extraction by modified Longin method, pp. 171-177.  

77G. J. van Klinken, “Bone Collagen Quality Indicators for Palaeodietary and 

Radiocarbon Measurements”, Journal of Archaeological Science 26, (1999): pp. 687-

695. 

78See Table 21 in Appendix A; Figure 21 in Appendix B. 

https://naturvidenskab.moesgaardmuseum.dk/index.php?vis_journal=2271&vis_sag=5095
https://naturvidenskab.moesgaardmuseum.dk/index.php?vis_journal=2271&vis_sag=5095
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19.98 and a mean δ15N value of 11.71. The range of 4.23 is larger than what one would 

expect to see from a small group, but this can mostly be accounted for through the 

weaning effect resulting in enriched levels of nitrogen for several of the juvenile 

samples (which comprise a significant portion n=12 of our samples).79 Only one 

individual, MOS-475/X643, showed divergent levels of elevated nitrogen and carbon 

possibly indicating a higher degree of marine faunal consumption.  

What is most interesting about this settlement, however, is that Hobro lies on the 

waterfront of the Mariager Fjord which leads into the Ajstrup Bugt (Bay) before 

emptying out into the Kattegat Bay. Therefore, one would expect to find more than a 

single individual with marine faunal consumption signals and overall a dietary 

patterning more reflective of said access to the sea, rather than mean nitrogen and 

carbon values closely like that of Øm Kloster which is situated around 40 km inland. 

This individual may have been foreign, pending strontium isotopic analysis it is difficult 

to say, but this also potentially shows that perhaps the argument of distance and access 

to resources as the primary delineator in subsistence patterns is less influential in the 

Medieval period in certain settlements. This may be evidence that the ‘flattening effect’ 

of Christian dietary prescriptions (more rigid enforcement of fasting, meat restrictions, 

etc.) and a greater reliance on cereal grains as compared to the Viking Age are critical 

factors that cannot be overlooked. Further investigation into these assumptions are 

needed, but the preliminary results are promising and further highlights the value of 

stable isotopic analysis in adding depth and complexity to the conversation on dietary 

reconstruction of Medieval Scandinavian populations. 

 

  

                                                
79Benjamin T. Fuller et al, “Detection of Breastfeeding and Weaning in Modern Human 

Infants With Carbon and Nitrogen Stable Isotope Ratios”, American Journal of Physical 

Anthropology 129, (2006): pp. 270-293. 
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CHAPTER III 

 

SWEDEN 

 

Of the three Medieval kingdoms in Scandinavia, Sweden occupies a unique 

position in that it is in a lot of ways an amalgamation of the other two while also being 

quite distinct altogether. Naturally, Sweden shared much with its neighbors in that it too 

was a beneficiary of the Viking Age and the warming climatic trend in the Early 

Medieval period, thereby experiencing an influx of wealth concentrated in increasingly 

centralized and urbanized settlement centers which resulted in significant population 

growth. Sweden while less populous and having fewer market towns than Denmark 

during the beginning of Medieval period (0.7-0.8 million to 1.2-2 million; ~40 to ~70), 

was more populated and more urbanized than next-door Norway (~0.5 million; 14), a 

trend persists through the Late Medieval Agrarian Crisis and Black Death events.80 

Religiously and politically, it is simply fact that Sweden resisted Christianization and 

the centralization of political power for longer than both Norway and Denmark did, 

widespread adherence to Christian religious practices really taking root in the mid-12 

century after a period of pagan resurgence and a unified Sweden not really arriving on 

scene until around 1250 CE under Earl Birger Magnusson.81 This later transition to a 

predominantly grain-centric seigneurial economy (popularly called ‘feudalism’) is 

further evidenced by Sweden’s late adoption of the mouldboard plough over the ard in 

the 15th and 16th centuries.82 

Though the written record is far sparser for Sweden in general, it is largely held 

that the types of floral and faunal foodstuffs available to most Medieval Swedish 

populations were like those in Denmark and Norway. For instance, in addition to barley 

and wheat (decreased from 10% of production in 11th c. to >5% in 15th c.), beans, peas, 

root vegetables like turnips and onions, cabbage, and fruits (namely apples) were quite 

                                                
80Poulsen, “11. Scandinavia, 1000–1750”, pp. 333-335. 

81Winroth, The Conversion of Scandinavia: Vikings, Merchants, and Missionaries in the 

Remaking of Northern Europe, pp. 102-121. 

82Poulsen, “11. Scandinavia, 1000–1750”, pp. 343-344. 
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commonplace. Nuts, mushrooms and berries were apparently available to the typical 

‘Svealander’ in the Mälaren region of central Sweden, and wild birds seemed to have 

been exploited more often than domesticated fowl due in part to close proximity to 

offshore archipelagoes.83 Meat as mentioned earlier was predominantly cattle-based 

(with exception to the Sámi who utilized reindeer almost exclusively) though sheep and 

pigs were also commonly slaughtered, and freshwater fish such as pike and bream 

seemed to have been more frequently caught than saltwater fish like herring or cod. 

According to textual sources, peasant and lower-class strata subsisted mainly on 

unleavened breads and gruels, salt/stockfish, and beer supplemented with the occasional 

meat and vegetable sources. Upper class diet was considerably more varied and likely 

consisted of more wild game like venison, exotic fruits, spices, wines etc.84 Regional 

variation is also present in Sweden, the majority of cereal-based agricultural production 

(which was overwhelmingly barley) being located in the Mälaren region of Svealand 

and the Götaland province, while the more mountainous Norrland and arctic Lappland 

province relied more on animal pastoralism (predominantly cattle in the case of the 

former and reindeer for the latter). This presents a far wider variety of environments 

than seen in Denmark and creates potential for more complex comparisons between 

intraregional settlements in Sweden. Emphasis on local and cross provincial trade and 

exchange of foodstuffs seems like an ideal research focus for such a diverse nation. 

 

  

                                                
83Anna Kjellström et al., “Dietary patterns and social structures in medieval Sigtuna, 

Sweden, as reflected in stable isotope values in human skeletal remains”, Journal of 

Archaeological Science 36, (2009): pp. 2689-2699. 

84Ylva Bäckström et al., “Integrating isotopes and documentary evidence: dietary 

patterns in a late medieval and early modern mining community, Sweden”, 

Archaeological and Anthropological Sciences 10 (2018): pp. 2075-2094. 
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LIDÉN AND NELSON 199485 

 

The earliest dietary study on Medieval humans in Sweden, like many of the 

early SIA studies in Scandinavia this paper hoped to apply the methodology used in 

prior studies within the Americas for ancient diet to the Baltic Sea region. The 

researchers took a modest number of individuals spread across a multi-period time span 

for bone collagen testing as was common in early SIA studies, comparing the results in 

a rather straightforward, direct manner since significant consideration of climatological, 

zooarchaeological, or other such influencing variables (such as reservoir effects) was 

not common practice just yet. There were 11 samples used dated to an undefined 

‘Medieval period’ from Leksand I, while some 9 samples from 17th century Leksand II, 

10 from Viking Age Birka & Tuna, 1 from Iron Age Tolleby, and 9 from Neolithic Ire 

and Mesolithic Skateholm were also included.86 The conclusion found was that this 

methodology was viable for use in the Baltic Sea region with findings similar to other 

geographical contexts of comparable time periods, as Johansen 1986 confirmed 

previously in Norway. In particular, the diet in Leksand I had a carbon value of -20.92 

with a range of -21.44 to -20.22 and a mean C/N ratio of 2.77 (though if nitrogen values 

were measured, they were not published alongside the carbon values). With such clearly 

terrestrial signals, the study further concluded the veracity of the methodology as the 

authors claimed that similarly proportioned values were found in inland settlements 

within North America making a case that inland settlements share similar patterning to 

other inland settlements and vice versa for those on the coast.  

 

  

                                                
85Lidén and Nelson, “Stable carbon isotopes as dietary indicator, in the Baltic area”, pp. 

13-21. 
86See Table 22 in Appendix A. 
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KOSIBA, TYKOT, AND CARLSSON 200787 

 

Similar to the case in Norway where a single proof of concept study was 

published and then very little after that for some time, it would take over a decade 

before another dietary study using SIA would be undertaken using Medieval Swedish 

human skeletal material.88 That study would be Kosiba 2007, where Viking Age and 

Early Medieval period human and animal remains from Gotland were analyzed for 

carbon and nitrogen stable isotopes in order to determine the difference in dietary 

patterns observed over time specifically in regards to marine faunal resource utilization. 

The Medieval period samples used were obtained from the Fröjel church cemetery in 

Ridanäs and dated to sometime within the 11th-12th centuries CE based on grave goods 

and burial practices (e.g. narrow wooden coffins). Bone collagen and tooth enamel 

samples from six individuals were analyzed (also included was four individuals from 

the Viking Age layers along with 9 different animal samples that were compared to 

Neolithic faunal samples from Gotland published in an earlier study).89 Based on the 

results, the study demonstrated that the diet of individuals in both periods seemed to be 

comprised of roughly equal parts terrestrial and marine protein as well as significant C3 

floral consumption thereby expressing greater continuity than change between the two 

                                                
87Steven B. Kosiba, Robert H. Tykot, and Dan Carlsson, “Stable isotopes as indicators 

of change in the food procurement and food preference of Viking Age and Early 

Christian populations on Gotland (Sweden)”, Journal of Anthropological Archaeology 

26, (2007): pp. 394-411. 

88Technically the next study chronologically would be: 

Kjellström, Anna. “The Urban Farmer. Osteoarchaeological Analysis of Skeletons from 

Medieval Sigtuna Interpreted in a Socioeconomical Perspective”. PhD diss., Stockholm 

University, Stockholm, 2005. 

But, the data in this dissertation would be republished later in Kjellström et al 2009 and 

will be discussed below. 

89Gunilla Eriksson, “Part-time farmers or hard-core sealers? Västerbjers studies by 

means of stable isotope analysis”, Journal of Anthropological Archaeology 23, (2004): 

pp. 135-162. 
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periods. Additionally, tooth enamel 13C values indicated that juveniles typically 

subsisted on diets composed of higher percentages of terrestrial sources when compared 

to adults, in line with findings from other studies on Neolithic Gotland. The study 

concluded on a section covering the implications of their findings and that such dietary 

patterns were more likely the result of complex cultural and socioeconomic directives 

rather the traditional explanations of mechanistic cost minimization or overly simplistic 

models of Medieval trade economies. 
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LINDERHOLM ET AL 2008b90 & KJELLSTRÖM ET AL 200991 & 

LINDERHOLM AND KJELLSTRÖM 201192 

 

  Over the next few years several studies would be published by two authors, 

Anna Kjellström and Anna Linderholm. The first paper in this ‘series’ would be 

published in 2008 and would examine a Late Viking Age (ca 10th-late 11th centuries) to 

Early Medieval (ca late 11th-13th centuries) cemetery at Björned in the parish of 

Torsåker, northern Sweden with the traditional objective of studying the diet of the 

population there across the transition period between pagan to Christian religious 

practice. The site drew interest mostly on account of the observed burial practices 

exhibiting a transition from cremation to inhumation earlier than many contemporary 

sites in the area (10th century), as well good preservation of skeletal material and a 

population that showed higher life expectancy and taller heights than most other 

settlements in Sweden at the time making it a prime target for nutrition and dietary 

analysis. This was found interesting and worth further exploration as the heights 

exhibited from this population are irregular for the time and not common until the 

Modern Era, as conventional medical wisdom shows that childhood malnourishment 

and consistent, healthy nutrition are vital to human growth & development specifically 

in relation to stature. Of the 50 or so odd individuals excavated, 37 samples would be 

taken from the Early Christian population at Björned, 4 from the nearby Late Viking 

Age site of Björkå and 1 from Holm, and faunal samples from Late Iron Age settlement 

at Björned and a salmon sample from the Late Medieval fortress ‘Pukeborg’.  

                                                
90Anna Linderholm et al., “An early Christian cemetery at Björned in northern Sweden. 

Stable isotope analyses of skeletal material”, Fornvännen 103, (2008b): pp. 176-189. 

91Kjellström et al., “Dietary patterns and social structures in medieval Sigtuna, Sweden, 

as reflected in stable isotope values in human skeletal remains”, pp. 2689-2699. 

92Anna Linderholm and Anna Kjellström, “Stable isotope analysis of medieval skeletal 

sample indicative of systemic disease from Sigtuna Sweden”, Journal of Archaeological 

Science 38, (2011): pp. 925-933. 
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Additionally, five random tooth enamel samples would be taken to test intra-

individual changes in diet from childhood to adulthood. Carbon, nitrogen, and even 

sulphur values were measured and analyzed for all 42 human samples (sans 1 sample 

from Björned due to low collagen yield) and 9 animal samples.93 The results illustrate 

that over a 300-year period of study there was in fact very little change in diet on a large 

scale, much like in the previously mentioned study on Gotland. Furthermore, diet across 

the population was rather homogenous as observed in the rather narrow bone collagen 

ranges. The five individuals tested for childhood to adulthood dietary changes showed a 

slight shift over an individual’s lifetime as was the case in Gotland, however in Björned 

it was towards a more terrestrially sourced one rather than away and was far less 

statistically significant. Finally, sulphur values suggested that though the diet of the 

population appears homogeneous overall, the origin of the individuals was varied 

especially so in the beginning of the Christian period possibly indicating an influx of 

immigrants during the Christianization of this settlement. 

Worked on by both Kjellstrom and Linderholm and released the following year 

after Linderholm’s paper on Björned in 2008, an investigation into the dietary patterns 

of the Medieval town of Sigtuna using 80 samples from three cemeteries and four 

different phases of occupation was undertaken. The cemeteries in question were the 

Nunnan Block (n=20), Church 1 (n=20 for Phase I, 21 for Phase II), and St. Laurence’s 

(n=19).94 Measured for carbon and nitrogen isotopes and radiocarbon dated as well, the 

purpose of this study was to see how increased urbanization and the historically 

documented rise to prosperity and subsequent decline of the town affected dietary and 

subsistence patterns. The results of the radiocarbon dating showed that the general 

chronology for the four phases of habitation were 900-1100 CE for the Nunnan Block 

and Church 1 Phase I, 1100-1300 CE for Church 1 Phase 2, and 1300-1500 CE for St. 

Laurence’s. Results from SIA indicated that there were noticeable differences not only 

between sites and phases of sites, but also between social classes and sex as well. The 

only aspect of diet that ties every demographic and location together across time is that 

                                                
93See Table 23 in Appendix A; Figure 22, Figure 23 & Figure 24  

94See Table 24 & Table 25 in Appendix A; Figure 25, Figure 26 & Figure 27 in 

Appendix B. 
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the diets all revealed predominantly terrestrial signatures and could therefore be 

classified as homogenous according to the authors. Between the earlier occupations 

(Nunnan vs Church 1 Phase 1), Nunnan block individuals had higher amounts of plant 

sources in their diet, especially so for females as those at Church 1 Phase 1 had 

comparatively enriched nitrogen values to those in the Nunnan Block. Church 1 Phase II 

showed greater continuity with the earlier Church 1 Phase I individuals than the Nunnan 

Block ones, indicative that this cemetery located within the town center confirms that 

the role status plays on access to faunal protein during periods of urbanization is 

important for understanding differences in consumption patterns between those in more 

urban settings versus those in more rural communities like Nunnan. 

A paper spawned from findings of their 2005 dissertation and the 2009 study, 

this paper from Kjellström co-authored by Linderholm sought to revisit diet in Medieval 

Sigtuna from a slightly different angle. Building off of their conclusions from the 2009 

study which asserted that social stratification and location played roles in determining 

the composition of the mixed diets found at Sigtuna, this study hoped to compare the 

SIA results of carbon, nitrogen, and sulphur between individuals with osteologically 

confirmed cases of leprosy to those without to see if there was noticeable differences in 

diet for the afflicted relative to the general population. 25 individuals from Church 2 at 

the Humlegården site in Sigtuna were selected for analysis, the split being 19 

individuals without evidence of disease and 6 that showed pathologies for leprosy along 

with a faunal baseline. A sample from each category had to be excluded due to poor 

C/N ratio yields.  

Results indicated that the diet at this site was mixed meaning a mostly terrestrial 

signal with a large input of freshwater fish sources.95 No differences between affected 

and non-affected groups or sex could be discerned through sulphur, carbon, or nitrogen 

values, and for this location the affected individuals are only differentiated by the social 

status differences present in their burials. It was concluded that likely it was not the 

composition of diet that differed between sick individuals and healthy ones, but rather 

the quality of ingredients. It is unclear how exactly this could be determined in 

Medieval samples, and perhaps modern dietary studies focused on detecting differential 

                                                
95See Table 26 in Appendix A; Figure 28 & Figure 29 in Appendix B. 
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signals in stable isotopic values based on the ‘quality’ of protein  (something in the vein 

of a consistent grass-fed organic beef intake vs corn-fed factory produced beef intake?) 

in the future might be able to come back and further address this claim in particular. 
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ARCINI, AHLSTRÖM, AND TAGESSON 201496 

 

Rather than continuing to look backwards in time for comparative analysis, this 

study sought to use early modern populations in comparison to Medieval ones. In this 

study, researchers used figures from the National Central Bureau of Statistics in Sweden 

to highlight a pattern in military conscripts over time which showed that their average 

stature increased from 167 cm to 177 cm between the 17th and 18th centuries to the 

19th and 20th centuries. Since osteological data from Medieval remains indicated that 

males had an average stature of 173 cm, there was the assumption that there might be 

some sort of nutritional or dietary explanation for this trend. The site selected for this 

study was the cemetery at the Cathedral of Linköping because it hosted continuous 

occupation from 1100-1810 CE. Tooth enamel for 38 individuals was sampled from 

burials dated to Phases 1-2 (12-13th centuries) and Phase 6 (late 17th to early 18th 

centuries) in addition to stable isotopic values for cattle, pig, pike, cod, and herring from 

previously published studies.  

Additionally, recorded consumption figures from the 16th century warship 

Lindormen for products of the five above-listed animals was also included to infer 

dietary preferences during the time between the two periods of study. Using Bayesian 

mixing models to calculate the relative amount that each of the five animal proteins 

represent in a sample individual’s diet combined the carbon and nitrogen stable isotopic 

values, it was discovered that C13 values were significantly lower in Phase 1 and 2 

when compared to Phase 6 at Linköping whereas N15 values remained relatively 

stable.97 According to the researchers this possibly suggests a greater reliability on 

marine faunal sources in the Medieval period, but no definite conclusion can be made as 

Linköping is located quite inland. Considering the results, it was suggested that there 

does not seem to be a strong link between stature and diet nor is there any discernible 

shift in gross protein consumption over time. The final conclusions drawn from the 

                                                
96Caroline Arcini, Torbjörn Ahlström, and Göran Tagesson, “Variations in Diet and 

Stature: Are They Linked? Bioarchaeology and Paleodietary Bayesian Mixing Models 

from Linköping, Sweden”, International Journal of Osteoarchaeology 24, (2014): pp. 

543-556. 

97See Table 27 & Table 28 in Appendix A; Figure 30 & Figure 31 in Appendix B. 
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study are that either the written records and archaeological data suggesting the 

importance of cattle over pig and fish are incorrect as this was not represented through 

the SIA, or that using the traditional carbon and nitrogen techniques are not sufficiently 

sensitive towards detecting more nuanced shifts in faunal protein consumption over 

time. 
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BÄCKSTRÖM ET AL 201898 

 

Centered around the Late Medieval mining community of Salberget, Sweden 

between 1470 to 1600 CE, this study employed an interdisciplinary approach combining 

archaeology and SIA of carbon and nitrogen in bone collagen alongside documentary 

sources to better understand diet within this pre industrial community as well as the 

interaction between demographics and burial practice in a stratified society. From the 

Salberget village cemetery, 67 individuals were analyzed both isotopically and 

osteologically, specifically regarding dental caries, calculus, and linear enamel 

hypoplasia as these pathologies can often correlate to a variety of health and dietary 

outcomes. Additionally, previously analyzed animal remains from other publications 

would be included as a baseline.  

Results found that the different types of burial practices (coffins vs earthen 

burials) yielded different isotopic results along demographic lines, with the coffin group 

exhibiting two different dietary patterns between individuals.99 Comprised mostly of 

families and households, the coffin burial group individuals had largely terrestrial diets 

further supported by historiographical research indicating high levels of cattle and pig 

ownership.100 Within the coffin group though, a subdivision buried closer to the church 

exhibited higher trophic level nitrogen values which likely indicates that they were 

‘high status’ and had access to more game or freshwater fish sources given that 

Salberget is located fairly inland. As to the earthen burial group, it seemed to be 

comprised of mostly non-local adolescent and adult males assumed to most likely be 

prisoners and laborers (based off the presence of iron collar grave goods, unhealed 

fractures, and documentary sources concerning prisoners under the Crown’s estate) and 

exhibited a more marine faunal protein source driven diet than either subgroup within 

the coffin burial cluster. Also of note was that in general, women consumed less marine 

                                                
98Bäckström et al., “Integrating isotopes and documentary evidence: dietary patterns in a 

late medieval and early modern mining community, Sweden”, pp. 2075-2094. 

99See Table 29 & Table 30 in Appendix A; Figure 32, Figure 33, Figure 34 & Figure 35 

in Appendix B. 

100Poulsen, “11. Scandinavia, 1000–1750”, pp. 353-357. 
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faunal protein except in the case of the high status coffin group, males had higher rates 

of dental calculus indicative with higher rates of marine protein consumption, and 

individuals over the age of fifty had increased levels of higher trophic terrestrial and 

freshwater protein intake.   

 

  



 

46 

CHAPTER IV 

 

NORWAY 

 

The least populated and urbanized of the three Scandinavian kingdoms during 

the Medieval period, the reconstruction of dietary and subsistence patterns in Norway 

has been in many ways the most difficult to approach for archaeologists. With poor 

preservation conditions for skeletal material, little archaeological analysis of diet has 

been undertaken to date and the lion’s share of information regarding the Norwegian 

diet during this period has derived from documentary evidences.101 Sharing access to the 

North Sea with Denmark and the Scandinavian Peninsula with Sweden, it should be 

expected that Norwegian Medieval populations had access to many of the same types of 

floral and faunal species as their neighbors and the records seem to affirm this 

assumption.102 Peas, beans, cabbage, root vegetables, and grains (barley and oat in 

particular) constituted the standard crop array, supplemented by fish (both marine and 

freshwater), nuts, berries, and mushrooms.103 As seen in Sweden, Norway sharing a 

similar latitudinal breadth of territory concentrated cereal production in the south/south 

west of the country, cattle and other domesticated livestock pastoralism in the 

mountainous central and northern regions, and even reindeer exploitation in the arctic 

regions via the Sámi populations.104 

                                                
101Orri Vésteinsson, Personal Communication, April 10th, 2019. 

102Poulsen, “11. Scandinavia, 1000–1750”, pp. 339-342, 348-351. 

Else Roesdahl, The Vikings, Second edition, translated by Susan M. Margeson and 

Kirsten Williams, (London: Penguin Books, 1999). 

103Kerstin Griffin, “The usage of wild berries and other fruits in the Mediaeval and 

Postmediaeval households in Norway”, Botanical Journal of Scotland vol. 46/4 (1994), 

pp. 521-526. 

Sandvik, “The vegetarian part of a late medieval diet. An example from 

Erkebispegården – The Archbishop’s Palace in Trondheim, Norway”, pp. 85-92. 

104Poulsen, “11. Scandinavia, 1000–1750”, p. 331. 
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Norway also experienced the general 10th-13th century period of climatic 

warming, urbanization, and population growth as Denmark and Sweden by to a far less 

degree as much of this growth was lost in the form of migration to Iceland and 

Greenland around this time. Norway was also hit the hardest by the Late Medieval 

Agrarian Crisis and Black Death events (a reduction in population of roughly 60-70% 

from approximately half a million in 1350 CE to between 150-200k a century later).105 

Coupled with the fact that Norway has an abysmally low percentage of arable land 

(~2.2% compared to ~6.4% in Sweden and ~58.9% in Denmark!), it was suggested that 

the strain of maintaining a cereal-based agricultural system was not sustainable with the 

existing available labor post-Black Death and that an increased exploitation of marine 

fishing and livestock raising characterized the latter Medieval period.106  

This a claim that seems to be held in general by food historians studying 

Scandinavia (i.e. cereal grain agriculture dominated the Early Medieval period, marine 

fishing and livestock production namely that of cattle dominated the Later Medieval 

period) given their interpretations of the textual sources, and it is here in Norway where 

the argument is most compelling given the quite pronounced and clear environmental 

and logistical constraints place upon the native populations. Unfortunately, with as 

limited of a research corpus as it is, the SIA angle on this debate is lagging and instead 

most studies in this section are quite independent of one another and focused on either 

broad spectrum multi-period analyses or single site dietary reconstructions.  

 

  

                                                
105Poulsen, “11. Scandinavia, 1000–1750”, pp. 333-335. 

106Central Intelligence Agency, "Denmark", “Norway”, “Sweden”, The World Factbook 

2019. Accessed May 2nd, 2019. https://www.cia.gov/library/publications/the-world-

factbook/ 

https://www.cia.gov/library/publications/the-world-factbook/
https://www.cia.gov/library/publications/the-world-factbook/
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JOHANSEN, GULLIKSEN AND NYDAL 1986107 

 

The earliest of the three papers in this chapter, this study also happens to be the 

oldest Medieval dietary study outlined in the entirety this thesis. It is perhaps a touch 

ironic that the one region in Scandinavia that could most fairly be classified as a 

‘backwater’ of sorts (in terms of the prevalence in which scientific methodology is 

applied to archaeology), would also be pioneers in a way by carrying out stable isotopic 

analysis on Medieval remains a solid decade ahead of the nearest successor. The study 

covers multiple periods across numerous sites in Norway, with 13C bone collagen values 

as well as marine faunal protein fractions being measured and calculated in order to 

assess the ability to reconstruct diet in Norway using the same methodologies that 

recent contemporary studies had done in the Americas. There were two sites (Træna, 

Nordland & Heidal, Oppland) and two regions (N. Norway coastal area [D] & N. 

Norway central inland [E]) which had relevant samples for our purposes, with Træna 

(n=11) being dated to around the 14th century, Heidal (n=10) to around 1100-1500 CE, 

and regions D (n=3) & E (n=4) both being classified as Medieval and post-Medieval 

Sami burial sites.  

How many of the samples from the Sami sites were strictly Medieval is not 

exactly clear from the information provided in this study, and given the era in which it 

was written plus the study having a total sample size of only n=47, there was likely a 

stronger emphasis placed on broad spectrum chronology and geographic coverage for 

proof of concept rather than splitting hairs over samples that lay perhaps a few centuries 

or so outside of their loose categorization. In any case, the results of this study showed 

that at Træna there were 13C levels ranging from -15.7 to -19.0 0/00 indicating a widely 

variable diet with some individuals having a strong marine faunal component to their 

diet whereas others less so.108 Johansen posits that this is likely due to either mobility 

within the population or unequal access to imported grains from Bergen, as differences 

in status (i.e. belonging to the clergy or having enough wealth to own transport vessels) 

                                                
107Johansen, Gulliksen, and Nydal “δ13C and Diet: Analysis of Norwegian Human 

Skeletons.”, pp. 754-761. 

108See Table 31 & Table 32 in Appendix A; Figure 36 in Appendix B. 
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meant that those at the lower end of the economic spectrum were far more dependent 

upon marine food sources in general.  

At Heidal the range was far more restrictive, the samples exhibiting carbon 

values between -19.9 and - 21.1 0/00 indicating a highly terrestrial based diet, as would 

be expected from an interior settlement with limited access to the ocean. The values 

from sites D and E on the other hand are more difficult to expound upon here as the 

actual Medieval samples are not separated out from the supposed post-Medieval ones, 

as well as the dates of 800 ± 60 CE and 450 ± 60 CE being given for two of the three 

individuals from site D. These are clearly being classified as Medieval within this study 

put with dates such as those they are more accurately from the Viking and Iron Age 

respectively, and this is perhaps an error in chronology by the author or poor word 

choice for what was more than likely originally written in Norwegian. Overall, this 

study served as a starting point for what could have been a strong tradition in SIA of 

diet in Medieval Norway, as Johansen even went so far as to propose a loose qualitative 

framework (see figure) for classifying diets based on the mean 13C values of a 

population that has since held to be generally sound. With such an early adoption of SIA 

as far as Scandinavian scholarship goes, it does seem peculiar that it would take nearly 

thirty years before another similar study matching our criteria would be undertaken but 

perhaps this simply highlights the logistical hurdles that the preservation conditions and 

research interests of the region contend. 
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PRICE AND NAUMANN 2015109 

 

In 2015, as with so many other regions of Scandinavia so too did T. Douglas 

Price release a summary overview of the stable isotopic analysis research that had been 

done for Viking and Medieval period Norway. Given the brief historical overview of 

Medieval archaeology in this country, it should not be shocking to note that there is 

more new data presented in this review paper than there was existing data in the entirety 

of the Norwegian scholastic corpus on stable isotope analysis of diet in humans. Diet is 

unfortunately yet again subservient to migration however, with the focus of the review 

being on summarizing the relatively less-sparse work done on strontium and oxygen 

stable isotopic analysis. As far as dietary analysis goes though, Price lists the results of 

measured carbon values from apatite tooth enamel originating from Norwegian 

Medieval burial samples out of sites within the towns of Trondheim, Bryggen, and 

Hamar.110 The burials were reported to have a mean carbon value of -14.7‰ ± 1.3 with 

a range from -11.25‰ to -17.31‰ indicating a fairly wide range of diets though no 

clear pattern of variation between sites was detected.  

Admittedly, Price is only tacitly interested in diet and usually only for its 

purposes in contextualizing migration, so it is difficult to say if no clear pattern of 

variation is or is not in fact detectable. It was further stated that these values indicated a 

mostly terrestrial diet with the variation resulting from marine sources and in general, a 

shift from more marine faunal sources to less as the individuals aged. Unfortunately, 

there are a few significant issues with only performing tooth enamel analysis and 

attempting to reconstruct diet as outlined previously. Additionally, this study failed to 

                                                
109T. Douglas Price and Elise Naumann. “The Peopling of the North Atlantic: Isotopic 

Results from Norway.” In Viking Settlers of the North Atlantic: An Isotopic Approach, 

Journal of the North Atlantic Special Volume 7, (2015): pp. 88-102. 

110The numbers seem to be a bit contradictory in places within this study. 87 individuals 

from burials in Norway were supposedly sampled for C13 measurement, yet the total 

listed on Table 2 (Table 33 here) is only 52. Also, there seems to be 19 samples listed 

for the site of Hamar, but within the case study section only 17 are mentioned. See 

Table 33 in Appendix A; Figure 37 in Appendix B. 
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measure nitrogen in any capacity nor collagen so fully reconstructing the local food web 

at these sites or adult diet is too great a stretch with the current data sets without 

resorting to interregional or historiographical comparisons.  
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VAN DER SLUIS ET AL 2016111 

 

The third and final study under review for Norway is another multi-period study, 

but this time only at the churchyard site in Stavanger. Additionally, both carbon and 

nitrogen isotopes were measured as well as hydrogen and sulphur. The purpose of this 

study was to produce the first stable isotopic analysis of diet for both humans and 

animals for the Stavanger region of Norway. As to the material, 30 individuals were 

excavated from Stavanger cathedral originally dated by grave goods and orientation, 

with complications causing 5 to be too uncertain to classify. The specimens were then 

poorly managed after being sent to the Schreiner Collection at the University of Oslo 

becoming commingled and losing contextual info and find numbers. For this study, 11 

were sent for radiocarbon dating and altogether the sample size ended up with 18 human 

individuals reliably dated and 11 faunal remains dated to pre 1272 CE. Of the 18, 9 of 

them fall within the Medieval period with the most common range being late 11th to 

early 13th centuries. 

 The results of this study seemed to suggest a high protein diet with substantial 

marine faunal sources for said protein, reaching a peak in the early Medieval likely due 

to changes in dietary patterns because of Christianization and intensification of fishing 

markets supported by data from other studies.112 Of note was the use of hydrogen and 

sulphur, still both relatively recent additions to dietary and migration analysis as 

isotopes that pose substantial potential in the future once techniques are further refined. 

Even still, the measurement of hydrogen values has shown itself to be a useful addition 

for better contextualization of trophic levels in both humans and animals, and the wider 

                                                
111Laura G. van der Sluis et al, “Palaeodietary investigation of a multi-period 

churchyard in Stavanger, Norway, using stable isotope analysis (C, N, H, S) on bone 

collagen”, Journal of Archaeological Science, Reports 9, (2016): pp. 120-133. 

112Richards, Fuller, and Molleson, “Stable isotope paleodietary study of humans and 

fauna from the multi-period (Iron Age, Viking and Late Medieval) site of Newark Bay, 

Orkney”, pp. 122-131. 

See Table 34 & Table 35 in Appendix A; Figure 38, Figure 39, Figure 40, Figure 41 & 

Figure 42 in Appendix B. 
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application of SIA for hydrogen will likely lead to more accurate interpretations of its 

meaning in future studies. Taken altogether, SIA of dietary patterns in Medieval period 

humans in Norway is among the least compelling and most narrowly applied of all the 

regions in Scandinavia. There just simply is not enough data present to really make any 

sort of characterization of the region. This region was the first to apply the method, and 

perhaps because of the unsurprising results it failed to really grasp the archaeologists 

working there. In the future, hopefully researchers will come to value the method as 

other geographic and chronological contexts do as well as overcome the apparent 

institutional barriers within the country leading to the publication of enough data for real 

modelling to take place. Well-structured and meaningful studies can come out of 

Norway all things considered, and it is critical that they do for the betterment of the 

understanding of diet in Scandinavia as a whole.  
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CHAPTER V 

 

GREENLAND 

 

Medieval archaeology in Greenland has long been fixated primarily on exploring 

questions related to the abandonment of the Norse settlement (ca. 985-1408 CE).113 Just 

as with the other contexts of Medieval Scandinavian archaeology, the study of the North 

Atlantic Norse settlements (Greenland, Iceland, and the Faroe Islands) has also been 

largely predicated upon and informed by the use of extant textual evidences. From these 

documents much has been learned about the settlement of Greenland and it undoubtedly 

helped to establish the frameworks through which traditional archaeological methods 

could work from as a springboard. Greenland as geographic locale also happens to be a 

nexus of sorts in that it is an appealing context to several fields within academia ranging 

from climatology to zoology, so as a result the Norse settlement has been the focus of 

an extraordinary amount interdisciplinary work. One of the more recent additions has 

been that of stable isotopic analysis applied towards migration and dietary 

reconstruction in particular.114 

The Norse settlement in Greenland (as with all the North Atlantic settlements 

really) faced markedly different demographic, economical, and climatological 

conditions than the three Nordic kingdoms. The estimated population size of the 

settlement is believed to have only been something around four to five thousand at its 

peak, a number which given the generally poor preservation of skeletal samples in 

Greenland and the totality of their excavation (1921 to 1981 by the Danish National 

                                                
113Jette Arneborg, “Norse Greenland – research into abandonment”, in Medieval 

Archaeology in Scandinavia and Beyond: History, Trends and Tomorrow, James 

Graham-Campbell, Mette Svart Kristiansen, and Else Roesdahl (Eds.), (Aarhus: Aarhus 

University Press, 2011), pp. 257-273. 

114L. K. Barlow et al., “Interdisciplinary investigations of the end of the Norse Western 

Settlement in Greenland”, The Holocene 7, 4, (1997): pp. 489-499. 
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Museum) is unlikely to ever really be adjusted barring new lines of discovery.115 Of the 

Medieval population, the remains of approximately 450 individuals have been recovered 

to date (now housed at the Laboratory of Biological Anthropology in Copenhagen), 

however many of them are too degraded for use in SIA as samples would be unlikely to 

yield suitable volumes of bone collagen or apatite for measurement. In any case, it is 

very clear that with such a small population density and by extension such a limited 

amount of available labor, the subsistence and agricultural strategies in Greenland had 

to be divergent from those seen in the Nordic kingdoms. The effects of the Viking Age 

and the warming period in the Early Medieval period would have been minimized 

drastically here as those were the principal drivers behind the increased urbanization 

and population growth seen in Scandinavia, neither of which were seen in Greenland 

given it was only settled in large part as a consequence of said population growth in 

Norway vis-à-vis Iceland.  

The arctic and isolated nature of Greenland meant that little to no cereal-grains 

or other miscellaneous plant crops could be grown nor reliably obtained via trade and 

there were no wild floral resources that could be sustainably foraged for either.116 

Instead, animal-pastoralism, fishing, and hunting were the primary dietary modalities 

for the Norse settlement and the subsistence strategies the settlers used were largely 

similar to those in Iceland and Norway with some regional differences. Namely, the 

Greenlandic settlement had greater access to reindeer, walrus, and migratory seals 

which became preferable over time to marine fishing and wild bird hunting.117 As for 

domesticates, cattle, sheep, goats, and pigs seem to have been most common though it is 

                                                
115Jette Arneborg et al., “Change of diet of the Greenland Vikings determined from 

stable carbon isotope analysis and 14 C dating of their bones”, Radiocarbon 41, 2, 

(1999): pp. 157-168. 

116Jackson et al., “Disequilibrium, Adaptation, and the Norse Settlement of Greenland”, 

Human Ecology 46, (2018): pp. 665-684. 

117Konrad Smiarowski et al., “Zooarchaeology of the Scandinavian settlements in 

Iceland and Greenland: diverging pathways”, in The Oxford Handbook of 

Zooarchaeology, edited by Umberto Albarella, Mauro Rizzetto, Hannah Russ, Kim 

Vickers, and Sarah Viner-Daniels, pp. 1-22. (Oxford: Oxford University Press, 2017). 
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possible horse consumption occurred in the early settlement period as it did in Iceland. 

Cattle seems to have been consistently preferred over time and especially at the more 

elite land holdings, while poorer farms kept mostly goats and pig raising died out 

completely in the earlier periods on all but the largest estates. The importance and use of 

seal in Norse Greenland cannot be overstated however, and it is through the unique 

dichotomy of terrestrial fauna versus marine fauna with little to no grain or C3 plant 

consumption that Greenland becomes an eminently interesting context to study 

isotopically within Scandinavia.118 

 

  

                                                
118Astrid E.J. Ogilvie et al., “Seals and Sea Ice in Medieval Greenland”, Journal of the 

North Atlantic Volume 2, (2009): pp.60-80. 
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ARNEBORG ET AL 1999119 

 

The earliest of the technical studies was carried out by arguably the leading 

expert on not only Greenlandic diet from an archaeological perspective, but Greenlandic 

Medieval archaeology as a whole as their work has been cited in virtually every other 

paper on the Norse Settlement that even remotely mentions diet or stable isotopes.120 

Consisting of a set of 27/28 human individuals buried in churchyard cemeteries between 

the 10th and 15th centuries along with a few samples of various garments and an ox 

bone, the purpose of this study was to date these samples more accurately than written 

or stylistic sources permit and to track any changes in dietary patterns over the period of 

settlement. The results of radiocarbon dating in the study concluded that the settlement 

period lasted slightly longer than written sources suggested (mid-15th century vs 1408 

CE), but shorter than stylistic sources argued (the ‘Burgundy Cap’ believed to be from 

sometime after 1500 CE was discovered to actually be 14th century).121  

As far as diet goes, through stable isotopic analysis it was suggested that the 

Norse settlers shifted from a 20% marine faunal consumption rate in the 10th century 

(somewhat comparable to a selection of Viking & Medieval Swedish samples from 

Tuna and Leksand I & II), to one around 80% by the end of occupation in the mid-15th 

century (though this percentage is less than the Inuit values used for comparison). In 

addition to its importance as the landmark stable isotopic dietary study for Medieval 

Greenland and its confirmation of certain findings of traditional archaeology such as the 

increased reliance of seal over time as exhibited through zooarchaeological 

assemblages, this study also helped to further establish the use of more scientific 

oriented archaeology as the adjudicator of historical and literary claims. Additionally, 

this limited study served as the foundation for which the other two technical data sets in 

Norse Greenland would build upon. 

 

                                                
119Arneborg et al., “Change of diet of the Greenland Vikings determined from stable 

carbon isotope analysis and 14 C dating of their bones”, pp. 157-168. 

120Personal observation, every other study in this chapter cites Arneborg. 

121See Table 36 & Table 37 in Appendix A; Figure 43 in Appendix B. 
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NELSON ET AL 2012122 

 

This paper set out to expand upon the findings of earlier studies and explore six 

questions surrounding the diet of Norse settlers in Medieval Greenland from the 10th-

15th centuries. These questions were essentially: 1) Is the zooarchaeological data for 

terrestrial and marine reservoirs distinct enough to provide information on human diet? 

2) What was the extent of agriculture versus hunting? 3) Were there differences between 

settlements in this regard? 4) Were there differences between sites within single 

settlements in this regard? 5) Were there differences between individuals along lines of 

sex, age, and class? And finally, 6) What can be learned from the food consumed by 

these settlements? Using a set of human remains totaling 64 individuals across five sites 

at the Eastern Settlement, 55 individuals across two sites at the Western Settlement 

including the samples from Arneborg et al 1999, and zooarchaeological remains from 

both settlements, around 80 or so usable samples of human remains yielded stable 

isotopic results analysis in this study.123 

The results and answers to the six questions were shown to be thus: 1) Yes, 

terrestrial and marine faunal reservoir signals can be predictive of human diet in 

Greenland even at the level of the individual. 2) Generalizing all seven sites across both 

settlements, they were roughly equal. 3) In short, yes. The Eastern Settlement had a 

higher mean percentage of marine consumption (predominantly seal) due to myriad 

factors, the settlement being inhabited around 100 years longer as a chief example. 4) 

Inconclusive. The samples were taken from communal churches and thus ferreting out 

site-level specializations is not possible with this data. 5) There were indeed significant 

differences between individuals, but not along lines of sex or age. Rather, status was the 

most significant influence on diet. 6)  

                                                
122D. Erle Nelson et al., “An Isotopic Analysis of the Diet of the Greenland Norse”, in 

Greenland Isotope Project: Diet in Norse Greenland AD 1000-AD 1450, Journal of the 

North Atlantic Special Volume 3, (2012): pp. 93-118. 

123See Table 38, Table 39, Table 40 & Table 41 in Appendix A; Figure 43, Figure 44, 

Figure 45 & Figure 46 in Appendix B. 
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The presence of high nitrogen values in individuals with terrestrial consumption 

signals in the Western Settlement are anomalous and indicates a general weakness in the 

method itself or some incongruity in Norse field management. With such and complete 

and direct series of questions being asked and subsequently answered by this study, 

there does not appear to be much room in the way of interpretation or commentary, 

especially because these findings only further confirmed the conclusions drawn 13 years 

earlier in Arneborg et al 1999. One thing that will be said however, is that it is certainly 

intriguing that sex and age are often not strong indicators of dietary differences both in 

Greenland and in Denmark, yet status or class seems to carry significant weight in terms 

of the subsistence patterns of an individual even in a place as remote as the Norse 

Greenland settlements.  

 

  



 

60 

ARNEBORG, LYNNERUP, AND HEINEMEIER 2012124 

 

The third and final of the technical studies is really more of a summary of 

findings and proof of concept piece rather than a new technical investigation. The 

purpose of the work was to further confirm and widen the results of the earlier limited 

study (Arneborg et al 1999) while corroborating the findings of the more contemporary 

studies (Nelson et al 2012). Using 123 human and 213 animal samples from 13 Eastern 

Settlement sites and 6 Western Settlement sites as well as comparison to the 2010 SIA 

dietary study from Iceland, this project explored changes in diet over time, local vs 

immigrant signals, differences in the Eastern vs Western Settlements, social differences 

within Norse Greenland, and subsistence strategies, much like the other two technical 

studies. And just as in those papers, the results seem to indicate for the third and perhaps 

definitive time that Norse Greenlandic diet did indeed shift from mostly terrestrial to 

mostly marine over the course of the settlement period.125  

Again, it is shown that the Western Settlement shifted earlier to marine sources 

than its counterpart potentially due to immigrant movements, and again diet differed 

more along lines of class than sex or age, but in this study the role of status seems to be 

relatively downplayed compared to the role of farming strategies and land use. These 

both appear unchanged over time despite the changes in diet to more marine faunal 

sources over the same period, which in addition to climate shifts over the settlement 

period as well are considered some of the strongest explanations of the abandonment of 

Norse Greenland. The latter explanation is doubted as the sole cause however, the 

closing remarks seeming to suggest that a complex interaction between subsistence vs 

exchange economies, societal perceptions and ideology, and relations between the 

settlers and Europe and the Inuit are all potential lines of questioning that require 

                                                
124Jette Arneborg, Niels Lynnerup, and Jan Heinemeier, “Human Diet and Subsistence 

Patterns in Norse Greenland AD C.980-AD c. 1450: Archaeological interpretations”, 

Journal of the North Atlantic 3, (2012): pp. 119-133. 

125See Table 42 in Appendix A; Figure 48, Figure 49, Figure 50 & Figure 51 in 

Appendix B.  
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exploration in the quest to uncover why the Norse Settlement was abandoned during the 

Medieval period. 
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CHAPTER VI 

 

ICELAND 

 

Iceland is a complicated region to place within our established framework and 

one that presents the great difficulty in applying stable isotopic analysis to Medieval 

period archaeological research questions, in no small part because of an ongoing debate 

surrounding periodization and where the threshold between the Viking Age and 

Medieval period resides in Iceland.126 While the finer points of the debate and the state 

of play have been more cogently summarized in earlier research, what can be extracted 

from discourse on the matter is that Iceland seems to curiously straddle both periods in 

ways and to an extent not readily observed in other regions of Scandinavia 

contemporaneously. Certain archaeological discoveries such as the changes in housing 

plans, the intensification of fishing, and the adjustment of cattle to caprine herd ratios 

have been used to suggest that a ‘true’ Medieval period (as comparable to and defined 

by the qualities describing the main Nordic kingdoms in prior sections) in Iceland may 

not have really started until as late as 1300 CE despite the fact it had already been 

Christianized centuries prior.127  

These peculiarities could be the result of the idiosyncratic socio-economic, 

environmental, and political characteristics of not only Iceland in particular, but of the 

North Atlantic Norse settlements as a whole, or it could be due to totally unrelated 

processes. Whatever the cause may actually be, the point being made here is that 

Iceland did not undergo the same transformations that the kingdoms of Denmark, 

Sweden, and Norway did during this time, that is to say increased population growth 

which gave rise to concentrated urbanization, the centralization of political power into 

early state formation, and a predominantly pastoralism/fishing based agricultural 

                                                
126Orri Vésteinsson, “Defining the medieval in Icelandic archaeology”, in Medieval 

Archaeology in Scandinavia and Beyond: History, Trends and Tomorrow, James 

Graham-Campbell, Mette Svart Kristiansen, and Else Roesdahl (Eds.), (Aarhus: Aarhus 

University Press, 2011), pp. 213-234. 

127Orri, “Defining the medieval in Icelandic archaeology”, pp. 213-234. 
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economy transitioning into a predominantly cereal-grain based one, though this 

transition is admittedly less stark in the more rural parts of Scandinavia in general.128 

Thus, in this instance the strict criteria requirement of this thesis must be relaxed in 

order to accommodate the fluidity and mercurial qualities of Iceland’s chronology and 

development. Instead, this section will attempt to bias towards Early Christian burials as 

they would most likely date to the period of 1000-1300 CE which is closer to our 

proposed 1050 CE Medieval period start date. 

Also, since this paper seeks to cover a more distinctly Medieval body of research 

in order to distinguish itself from more recent and similar pursuits situated solely on 

Viking Age content, it should be stated that virtually none of the isotopic data included 

in this section dates to later than the proposed 1300 CE Medieval period start date in 

Iceland.129 This is admittedly problematic to say the least and warrants both scrutiny and 

commentary, however it was ultimately determined that the inclusion of a section on 

Iceland even if it somewhat resists our outlined criteria is better than not having a 

section on Iceland at all and in the process ignore a critical context of Medieval 

Scandinavian archaeology. In some ways it could be said that this subversion of our 

established convention is thematically fitting for a place such as Iceland, which has 

always been a true outlier to many of the patterns observed in human history.130 In 

keeping with this theme, it should also be noted that even if periodization was not so 

much of an issue as it currently is, Iceland would still present a significant challenge for 

SIA research review as there is a literal dearth of skeletal material between 1300 CE and 

the modern era. Virtually all available skeletal samples in Iceland come from pagan 

Viking Age and early Christian Viking Age/Medieval period burials.131 This is in large 

part due the fact that many church cemeteries established in the country are still 

                                                
128Poulsen, “11. Scandinavia, 1000–1750”, pp. 333-335, 337-339. 

129Madeleine A. Hoofnagle, “The Most Important Meal of the Age”, (paper presented at 

Aarhus Student Symposium on Viking and Medieval Scandinavian Subjects, Aarhus, 

Denmark, March 2019), pp. 1-17. 

130Sverrir Jakobsson, “The Process of State-Formation in Medieval Iceland”, Journal of 

Medieval and Renaissance Studies, 40, 2, (2009): pp. 151-170. 

131Orri Vésteinsson, Personal Communication, May 2nd, 2019. 
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currently in use. Naturally, this complicates matters pertaining to excavation 

permissions and there are substantial osteological and chronological challenges inherent 

to sorting through burial sites where it is likely to be the case that there has been a high 

degree of intermixing between assemblages.  

As to the actual diet of late Viking Age/Early Medieval period Icelanders, just as 

with the other regions of Scandinavia so too did most of the original ideas and 

conceptions of diet come from written documents and manuscripts. Of anywhere, this 

tradition was perhaps the strongest in Iceland given its relatively robust corpus of extant 

writing from the 13th century onwards. For instance, it is known from Íslendingabók 

that horse meat was eaten in Iceland during the settlement period as it was the subject of 

negotiations towards conversion to Christianity in 999/1000 CE.132 It was argued that 

the custom should be allowed to continue for a few more years at least on the grounds of 

‘the old laws must stand’ despite Pope Gregory III banning horse meat consumption in 

732 CE.133 From Landnámabók, it is written that a significant amount of Icelandic 

settlers came from Norway so it can be reasonably assumed that the settlers would have 

brought with them the subsistence and agricultural strategies of Viking Age Norway 

given that Icelandic settlement has been dated through tephra analysis to 871 ± 2 CE.134 

This clearly predates the wholesale shift to cereal-grains away from pastoralism and 

fishing seen in the Early Medieval period of continental Scandinavia, and through 

zooarchaeological and traditional archaeological analysis it has been shown that 

                                                
132Íslendingabók in Íslendingabók : Landnámabók, edited by Jakob Benediktsson, 

Íslenzk fornrit, vol. 1 (Reykjavík: Hið íslenzka fornritafélag, 1968). 

133Robert Bartlett, “From paganism to Christianity in medieval Europe”, in 

Christianization and the Rise of Christian Monarchy: Scandinavia, Central Europe and 

Rus’ c. 900–1200, ed. Nora Berend, pp. 62-64 (Cambridge: Cambridge University 

Press, 2007). 

134Landnámabók in Íslendingabók : Landnámabók, edited by Jakob Benediktsson, 

Íslenzk fornrit, vol. 1 (Reykjavík: Hið íslenzka fornritafélag, 1968). 

Karl Grönvold et al., “Ash layers from Iceland in the Greenland GRIP ice core 

correlated with oceanic and ice sediments”, Earth and Planetary Science Letters 135, 1, 

(1995): pp. 149-155. 
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Icelanders primarily engaged in livestock raising, fishing, and hunting/gathering during 

the beginning phases of occupation and into the Medieval period.135 

More specifically, domesticates such as cattle, sheep, goat, and pig were brought 

in for primary food production both as sources of meat and dairy byproducts, though 

horse, dogs, to a less extent cats, and mice (inadvertently, it is assumed) were also 

brought in as part of the existing Nordic ‘farming package’.136 Unlike in the rest of 

Scandinavia during the Medieval period though, cattle production declined overtime in 

favor of sheep within Iceland. For wild animals, no indigenous terrestrial mammals 

larger than the arctic fox were present at the time of settlement so most hunting efforts 

targeted walrus until their extirpation as well as migratory and indigenous waterfowl 

(including the procurement of their eggs). Fishing, unlike in the case with Greenland, 

actually intensified over time and the harvesting of marine species (primarily cod, 

herring, and haddock) and freshwater species (trout, salmon, arctic char) was a vital 

source of protein for Icelandic settlers and used to produce ‘stockfish’, valuable for its 

ability to preserve for long periods of time. Plant crops were far less important in 

Iceland than they were in the three major Nordic kingdoms, with only barley being able 

to reach maturity for harvesting and only in the more mild and humid southwestern 

region of the island.137 Instead, Icelanders supplemented the fish, fowl, and terrestrial 

animal protein in their diet with modest gardens and foraged plants such as wild celery, 

sorrel, common scurvygrass, common butterwort, Icelandic moss and lichens, as well as 

native berries like the crowberry, bog bilberry, and common bilberry. 

 

                                                
135Vaughan Grimes, Benjamin T. Fuller, and Eric J. Guiry, “Reconstructing Diets and 

Origins of Vikings at Hrísbrú, Mosfell Valley, Iceland: The Carbon, Nitrogen, and 

Strontium Isotope Evidence”, in Viking Archaeology in Iceland: Mosfell Archaeological 

Project, edited by Davide Zori and Jesse Byock, pp. 105-117. (Turnhout: Brepols 

Publishers, 2014). 

136Smiarowski et al., “Zooarchaeology of the Scandinavian settlements in Iceland and 

Greenland: diverging pathways”, pp. 1-22. 

137Ingvar Svanberg and Sigurður Ægisson, “Edible wild plant use in the Faroe Islands 

and Iceland”, Acta Societatis Botanicorum Poloniae Vol 81, No 4, (2012): pp. 1-6. 
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ÁRNÝ ET AL 2010138 

 

The earliest publication in Iceland to tackle dietary reconstruction for humans, 

this study sought to apply the methodology of stable isotopic analysis of carbon and 

nitrogen isotopes and to correct C14 radiocarbon dating errors due the reservoir effect 

present in the region. The reservoir effect is in essence, a phenomenon where some of 

the carbon isotopes present within marine fauna can be hundreds of years older than 

terrestrial fauna from the same time period, thereby significantly skewing the 

radiocarbon dating of humans and any other animal that may have ingested said marine 

life to register as being older than they rightfully are. This is of course something to be 

taken into considered when radiocarbon dating human bones from any society that 

regularly ingested marine fauna, which is to say most of Scandinavia and certainly the 

North Atlantic Norse settlements like Iceland during the Medieval period. Among the 

authors working on this project was Jette Arneborg, and as such it is clear to see how 

the structure and methods of this study took a lot of cues from the earlier work done in 

Greenland.  

The purpose of this study as stated earlier was to attempt dietary reconstruction 

and more accurate radiocarbon dating for early Icelandic settlers, but in more specific 

terms the authors sought to track any potential changes in diet over time (ca 900-1250 

CE) looking at differences between pagan and Christian burials, to track differences in 

diet based off of proximity to the coast, and finally to get an accurate calculation of the 

reservoir effect for use in future research. For materials used, 79 humans, 2 horses, and 

2 dogs were obtained from a variety of some 21 sites and sampled for isotopic analysis 

while a subset of 47 skeletons were radiocarbon dated combined with the isotopic 

carbon values obtained from their bone collagen and calculated marine fractions using 

mixing models to determine reservoir effect values. The Christian burials totaled to 48 

and were from the sites [1] Audbrekka, Hörgárdalur (n=11), [8] Hof í Hjaltadal (n=3), 

[16] Steinsstaðir, Skagafjordur (n=1), [21] Keldudalur (n=18), [13] Bjarnastaðir, 

                                                
138Árný E. Sveinbjörnsdóttir et al., “Dietary reconstruction and reservoir correction of 

14C dates on bones from pagan and early christian graves in Iceland”, Radiocarbon 52, 

(2010): pp. 682-696. 
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Borgarfjordur (n=1), [13] Skálholt (n=1; the Bishop Páll Jónsson 1155–1211 CE), and 

[15] Skeljastaðir, Thjórsárdalur (n=13). 

The results showed that 13C values had a range of –16.4‰ to –20.3‰ with most 

individuals sitting between –18‰ to –20‰, with only 12 individuals falling within an –

18.2‰ to –16.4‰ range (9 pagan to 3 Christian).139 This means that individuals had 

between 8% to 54% of their diet comprised of marine faunal protein, which after being 

plotted against grave site distance to shoreline showed a fairly strong correlation 

between proximity to the ocean and marine life consumption as those burials within 

10km of the waterfront exhibited a 13C range of –19.7‰ to –16.4‰ with an average 

value of –17.94 ± 0.95‰ (observed standard deviation) while burials at least 60 km 

away farthest away had a 13C range from –20.5‰ to –19.1‰ with a mean value of –

19.7 ± 0.24‰. For 15N values, the samples ranged from 6.5 to 15.5‰ with certain sites 

differing significantly from one another as was the case with Skeljastaðir which had a 

mean 15N value of 7.68 ± 0.97‰ while Keldudalur had a mean 15N value of 12.33 ± 

1.02‰ and might indicate that the population here was not consuming pig protein. 

Exactly why or how this variation can occur is not well understood, and the researchers 

themselves avoided speculation regarding the nitrogen measurements of their data. As 

to the 14C dating portion of the study, the comparison of uncalibrated to calibrated dates 

is quite striking and shows the necessity of accounting for the reservoir effect.  

For instance, one of the canine samples was determined to have a high 

percentage of marine faunal consumption (>54% of diet) which when dated without 

correction gave a measurement indicating that the dog was roughly 140 years older than 

the humans and 210 years older than the horse in the same field. After using a corrected 

dating model, the samples all fell within the realistic range of occupation for the sites in 

question (780-1270 CE; 68.2% probability) rather than hundreds of years prior to. This 

was further confirmed through the isotopic testing and radiocarbon dating of Bishop 

Páll Jónsson who is recorded to have died in 1211 CE. Without calibration, his 

radiocarbon time of death is centered around 1100 CE with a range of approximately 

1020-1210 CE because of his 17% marine intake, however with calibration his time of 

                                                
139See Table 43, Table 44 & Table 45 in Appendix A; Figure 52, Figure 53, Figure 54 & 

Figure 55 in Appendix B. 



 

68 

death is centered around 1200 CE with a range of 1160-1260 CE which is much more in 

line with documentary evidence thus validating the reservoir effect corrected dating 

model.  

The conclusions drawn from this first study in Iceland are undoubtedly 

interesting and certainly as good a starting point as one could hope for. The use of 

carbon isotopes in bone collagen to aid in correcting for radiocarbon dating and then 

verifying its efficacy in the unique geological and biological conditions of Iceland is 

perhaps the most important discovery here. While the findings of the dietary 

reconstruction portion of the study are at first glance compelling, namely the apparent 

correlation between proximity to saltwater sources and marine faunal consumption (a 

general pattern exhibited across a number of geographic contexts and chronological 

periods), there are simply too many sites with too few samples per site to really justify 

concluding any sort of widely applying pattern inherent in the data. Especially given the 

fact that a) the majority of the pagan burials with enriched nitrogen values (indicative of 

higher percentages of marine life consumption) were concentrated at one site ([19] 

Vatnsdalur, Patreksfjordur), values which were not reflected at other pagan sites; and b) 

within Christian sites there was also significant and unexplained variation in nitrogen 

value variation. This makes it difficult to really come up with an explanation that works 

at the scale with which the studied was designed around, and it leaves us walking away 

without too much more enlightenment on the early settlement Icelandic diet than what 

was already known previously. Perhaps that is the point and that the most notable 

takeaway of this study is that subsistence strategies in Iceland during this time were 

fairly varied regardless of time period or religious values.  
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SAYLE ET AL 2016a140 

 

Over the next several years, a series of stable isotopic and radiocarbon dating 

studies would be carried out as part of a long-term project on the Late Viking Age 

settlement of Hofstaðir, Lake Mývatn by a collection of researchers from a multitude of 

institutions.141 While the earlier (and later) publications would mostly be centered 

around stable isotopic analysis of faunal remains and using them in conjunction with 

human samples for correcting radiocarbon dating issues derived from the reservoir 

effect (as seen in Árný et al 2010), this study in contrast was focused more on using the 

information of those previous publications to more accurately determine the diet of 

humans excavated from the nearby churchyard in Hofstaðir. Their justification for 

carrying out this study was that there had been very few dietary studies of humans done 

in Iceland previously (two to be exact, the other being Ascough et al 2012 which was 

excluded from this thesis for using only 11 human samples derived from pagan burials 

of the initial settlement phase), none of which had used 34S which in the past decade or 

so has gained traction for its use in determining locality of food sources within a 

regional environment.142 

                                                
140Kerry L. Sayle et al., “Deciphering diet and monitoring movement: multiple stable 

isotope analysis of the Viking Age settlement at Hofstaðir, Lake Mývatn, Iceland”, 

American Journal of Physical Anthropology 160, (2016a): pp. 126-136. 

141Two of the other publications in this series which are related to, but not suitable for 

inclusion can be found here: 

Kerry L. Sayle et al, “Utilization of δ13C, δ15N and δ34S analyses to understand 14C-

dating anomalies within a late Viking Age community in northeast Iceland”, 

Radiocarbon 56, (2014): pp. 811-821. 

Kerry L. Sayle et al., “Modelling Lake Mývatn's freshwater reservoir effect: Utilisation 

of the statistical program FRUITS to assist in the re-interpretation of radiocarbon dates 

from a cemetery at Hofstaðir, north-east Iceland”, Quaternary Geochronology 36, 

(2016b): pp. 1-11. 

142Ascough et al., “Radiocarbon reservoir effects in human bone collagen from northern 

Iceland”, Journal of Archaeological Science 39, (2012): pp. 2261-2271. 
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The materials used for sampling in this study was a set of 39 faunal remains (in 

addition to those from several previous studies in Iceland) and 46 human remains from 

Hofstaðir which were tested for carbon, nitrogen, and sulphur isotopes extracted from 

bone collagen. The site itself is detailed in a historiographical section which posits that 

the cemetery from which the samples were drawn was reportedly in use between the 

10th to 13th centuries (specifically between the Veiðivötn 933 CE eruption and the 

Hekla 1300 CE eruption), but a follow-up publication revisiting the corrected 

radiocarbon dating study from two years prior for Hofstaðir at Lake Mývatn would 

confirm through two different dietary modelling calibrations that this site was most 

likely in use from either ca. 1125-1280 CE/1115-1280 CE via Model 1 (with/without 

tephra; 95% probability) or ca. 1060-1245 CE/1055-1250 CE via Model 2 (with/without 

tephra; 95% probability). Since the human remains were located in a cemetery some 

80m from the ruins of a feasting hall, a structure associated with pre-Christian 

Scandinavia, it does lend more legitimate credence to the argument that the start of a 

proper Medieval period in Iceland may not have occurred until later. 

Though typically not the focus of our selected studies, the results of the stable 

isotopic analysis for the animals included in this study should be briefly mentioned 

insofar as they are relevant to the conversation here on human diet. Results showed that 

the 13C, 15N, and 34S values for the animals at Hofstaðir were substantially different 

when compared to those measured at Sketustaðir in previous studies, such as ~7‰ 

higher 34S levels in cows and ~5.5‰ in goats or cows, sheep and goats having more 

enriched 15N levels. This finding is surprising given the close proximity of the two sites 

(~10 km), and explanations were given such as midge habitation and migratory fowl 

guano and/or the sea spray effect (marine sulphur travelling inland via wind) could have 

been responsible for the elevated the nitrogen and sulphur levels of the surrounding 

flora at Hofstaðir which these animals would have ingested. After a more detailed run-

through of these factors, three possibilities were given: 1) the animals were traded from 

a more coastal site; 2) they were imported from overseas; or 3) they were brought to the 

site for perhaps some sacrificial purpose as consistent with 1 and 2. The closing remarks 

in the faunal section mention that in order to verify these hypotheses that oxygen and 

strontium isotopic analysis should be undertaken on these same samples. 
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For the human samples within the study, results indicated little difference 

between the sexes with males (n=21) averaging 13C, 15N, and 34S values of -19.6‰ ± 

0.4, 9.3 ± 0.8, and 10.6‰ ± 0.9 respectively, and females (n=25) averaging 13C, 15N, 

and 34S values of -19.4‰ ± 0.7, 9.9‰ ± 1.0, and 11.1‰ ± 2.6, respectively.143 These 

ranges preclude virtually every individual from having a completely terrestrial faunal 

consumption signal, as the pattern of some individuals having lower 13C and higher 34S 

values indicated that they had eaten some marine sources regularly, while those with a 

higher 13C value and a lower 34S likely consumed freshwater fish regularly. The study 

finishes with a small description of a few select individuals and how their 34S sits 

outside the expected ranges for the Lake Mývatn area indicating either foreign or more 

coastal origins. As with the faunal remains, light isotopic analysis combined with 

measurement of heavy isotopes like strontium may be useful in helping to confirm the 

efficacy of using sulphur as a localization tool within human bone collagen. The closing 

remarks of the paper seem to rightly lay out that while the use of sulphur as a third 

isotope for dietary reconstruction is certainly revelatory and can be used to great effect 

in places with dynamic movements of people and animals, it also brings with it 

additional complications and challenges for researchers that must be taken into proper 

consideration. 

 

  

                                                
143See Table 46, Table 47 & Table 48 in Appendix A; Figure 56 in Appendix B. 
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PRICE AND HILDUR 2018144 

 

No section in this thesis would be complete without a special summary entry 

from T. Douglas Price and his select local collaborator(s), Iceland being no exception to 

this convention.  As with most of his isotopic research contributions, so too is this study 

overwhelmingly focused on migration and settlement using strontium, oxygen, and 

carbon isotopes to examine questions of place of origin as well as radiocarbon dating 

samples to answer questions regarding the timing and pace of migration. Nevertheless, 

diet is also discussed within this study with new carbon and nitrogen isotopic values 

being obtained through tooth enamel analysis of 116 pagan and early Christian burials. 

The Christian burials derive from the sites of Skeljastaðir in Þjórsárdalur (ca. late 9th to 

early 13th centuries) and Haffjarðarey in Haffjörður (1200-1563 CE), with 33 

individuals being sample from Skeljastaðir and 10 coming from Haffjarðarey.  

Dating for Skeljastaðir is largely typical of what has been seen in the Icelandic 

isotopic studies, which is to say that radiocarbon and tephrachronological measurements 

seem to agree with one another on the general timeline of occupation (mid-12th to early 

13th century values for some individuals). In contrast, Haffjarðarey which is mentioned 

in written sources circa 1200 CE (note, there is no known recorded mention of 

Skeljastaðir) and continued until the mid-16th century. Unfortunately, the handling of 

the excavation and the erosion conditions of the site were such that all original context 

and dating has been lost for the 58 exhumed individuals. As such, the ten individuals 

sampled in this study cannot be confidently confirmed as part of the Icelandic Medieval 

period, though they certainly fall within our overarching chronology of 1050-1550 CE. 

Before getting into the enamel values presented in this study, it should be 

mentioned that in addition to a large section on diet which rehashes the findings of the 

earlier Árný et al 2010 paper and uses the same skeletal material, this study used 

strontium values from the Christian burial sites to classify the diets of the sampled 

individuals based on proximity to the coast as patterned in the aforementioned paper. 

                                                
144T. Douglas Price and Hildur Gestsdóttir, “The Peopling of the North Atlantic: 

Isotopic Results from Iceland”, in Viking Settlers of the North Atlantic: An Isotopic 

Approach, Journal of the North Atlantic Special Volume 7, (2018): pp. 146-163. 
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Haffjarðarey which lies right on the western coast of the island had strontium isotopes 

that Price concluded were ‘marine’, while Skeljastaðir being situated 50 km inland in 

the southwestern quadrant of Iceland had a wide array of values most being in the 

‘mostly terrestrial’ category which seems to further confirm the observation of the 

importance of location over all other factors in determining Icelandic dietary 

composition. For the enamel values, the Christian burials had an average δ13C value of -

15.4‰ ± 0.61, the mean for all samples (including the pagan ones) was -15.3‰ ± 0.95 

with a maximum range of  -17.3‰ and a minimum of -12.4‰.145 This also seems to 

suggest that both during the early more pagan settlement period and the post 1000 CE 

more Christian settlement period diet likely did not change significantly on a macro 

level yet, with variation mattering more in terms of proximity to the ocean or localized 

freshwater fish and migratory fowl protein sources. The nitrogen levels that would be 

associated with apatite-derived carbon values does seem to indicate that regardless, 

meat was a major component of the Icelandic diet at this time though all available 

information points to that hardly being revelatory.  

What isn’t mentioned or accounted for in this study, however, is the degree to 

which the well-noted weaning effect has on these Icelandic samples which is especially 

important when using enamel as it forms in early childhood in layers. It would also be 

interesting to have seen collagen samples from the individuals along with these enamel 

apatite samples and perhaps even a mixing model of local fauna too in order to better 

contextualize these results within the slowly, but surely forming corpus of Icelandic 

stable isotopic analysis studies on diet. The conclusions on diet made in this study are 

understandably more limited than those on migration and settlement, but what little is 

mentioned is that the strontium results appears to indicate a shift towards a more marine 

centric diet over time while carbon and nitrogen appear to emphasize the importance of 

terrestrial protein consumption.  

This mismatch is not seriously addressed within the study, the facts are merely 

laid out and then brushed past leading into a more robust discussion on burials, 

immigrants, and the like. And while perhaps this study was the not the ideal vehicle for 

such detailed examination, it does present a unique opportunity for future research to 

further investigate this quandary of different isotopes suggesting different conclusions 

                                                
145See Figure 57 & Figure 58 in Appendix B. 
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using Icelandic skeletal material much in the way Sayle et al 2016a exposed with the 

complications uncovered through sulphur analysis.  
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CHAPTER VII 

 

DISCUSSION 

 

With all cards on the table so to speak, it is self-evident that there is an 

incredible amount of variety in not only scale but also approach when it comes to 

reconstructing diet from an archaeological perspective using the technique of stable 

isotopic analysis. If nothing else, this speaks volumes to the depth and complexity to be 

found within analysis of diet in the recent historical past. What this really should 

suggest though is the need for some semblance of agreement on or standardization of 

practice. This is not to say that some uniform process should be adopted and employed 

across the board, far from it in fact as it is pointedly understood here that a multiplicity 

of factors affects how a society approaches subsistence. However, if we are to 

incorporate scientific inquiry and protocols to a greater degree in both archaeology and 

Medieval Studies then at the very least some manner of consistency should be striven 

for in the name of replicability of results and comparative analysis. While this could 

certainly apply to actual laboratory protocol as explored in Jørkov et al 2007 & Sealy et 

al 2014, it is not so much the literal method itself as it is used but the structure of the 

studies themselves that is in need of some consistency, namely the selected isotopic 

arrays and skeletal materials sampled.146  

By this, it is meant that as more is learned about certain types of phenomena 

such as the reservoir effect, weaning, and layering within teeth and how all of these 

things add up and affect SIA results in different ways, it is of the utmost importance that 

studies going forward actively incorporate and consider available solutions to these 

                                                
146Jørkov, Heinemeier, and Lynnerup, “Evaluating bone collagen extraction methods for 

stable isotope analysis in dietary studies”, pp. 1824-1829. 

Sealy et al., “Comparison of two methods of extracting bone collagen for stable carbon 

and nitrogen isotope analysis: comparing whole bone demineralization with 

gelatinization and ultrafiltration”, Journal of Archaeological Science 47, (2014): pp. 64-

69. 
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problems. It should be striven for (funding, materials, time, and staff/facilities 

permitting) in future studies to use both bone collagen and apatite, obtain their own 

local faunal baselines, include values for carbon, nitrogen, and sulphur at a minimum, 

but also include hydrogen, oxygen, calcium and even magnesium when possible, and to 

utilize multiple bone types from sampled individuals. With the uses and limitations of 

bone collagen or apatite when used in isolation, it has really gotten to the point where 

archaeologists must do their due diligence and use both substances when possible. Too 

much context is left out when only using one of the two and gone are the halcyon days 

when only carbon values of collagen could be used for a sound isotopic dietary study. 

Additionally, greater responsibility needs to be placed on researchers to use actual local 

fauna for their isotopic baselines. With as much variation in animal carbon and nitrogen 

levels as there is, exhibited even between sites in very close proximity (<10 km in some 

cases), it is no longer acceptable to use pre-existing faunal baselines from other studies 

that are geographically distant if there is available assemblages in situ or intraregionally.  

Towards the third point, it is perfectly reasonable to expect that using less 

commonly measured isotopes will require some amount of effort and adjustments 

before percolating into current convention, but with their use already being taken 

advantage of in other geographic contexts it is also perfectly reasonable to expect 

researchers within Scandinavian institutions to add these isotopes into their existing 

arrays with the utmost haste in order to maintain parity. Finally, it should be mentioned 

again that recent studies have highlighted the importance of using multiple pieces of 

skeletal material since different parts of the body produce different isotopic values. 

Therefore, when possible it is advisable that researchers utilize not only long bones or 

rib bones, but tooth enamel and/or petrous bones as well, in addition to exploring any 

other bones that may have potential for differential results.  

With broad isotopic arrays and a variety of skeletal materials used, researchers 

will be more likely to be able to compare the available isotopes and materials in their 

own studies to those of more comprehensive ones for the purposes of comparative 

analysis. While single site studies, multi-period studies within a single geographic 

context, and even intraregional studies have been undertaken in SIA research, virtually 

no interregional studies have been undertaken to date. More specifically, no cross-

comparisons have been done on diet between any of the major Medieval kingdoms 
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within Scandinavia which in and of itself presents perhaps a promising opportunity for 

future efforts. 

The closing remarks to be made on this corpus will be in regards to the role of 

stable isotopic research within the spectrum of Medieval dietary studies between 

historiography and traditional archaeology. The lukewarm reception to SIA research in 

much of Scandinavian academia over the years can be reasonably chalked up to the fact 

that on average, the results of these studies merely corroborate that which was already 

considered ‘common knowledge’ by Medievalists. This is a misconception in terms of 

what stable isotopic values are illustrating and this is mostly an issue that will lessen 

over the coming years as younger scholars more familiar with science and 

interdisciplinary approaches begin to contribute more to scholarship. Obviously, there 

are very few instances where the SIA results are going to outright reject the 

documentary evidence, but that is not what their purpose is, and they should stop being 

considered as such.  

Rather, their purpose is in reflecting the consumption patterns of populations as 

they were, which is the intersection between environmental availability, economic 

interaction, and societal demographic dynamics along lines of sex, age, class, and 

health. This is the real strength of stable isotopic research; it is a tool that can read 

between the lines of the written records and grant more quantitative insight than what 

typical excavation of Medieval settlements can provide. It is along the lines of exploring 

the demography and economic activity of Medieval communities that consumption 

patterns derived from isotopic values can have the most impact, and it is believed that in 

addition to the aforementioned methodological prescriptions this is the future of this 

subfield within Medieval Scandinavian studies. 
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CHAPTER VIII 

 

CONCLUSION 

 

After reviewing it in its totality, it should be clear how the corpus of scholarship 

utilizing stable isotopic analysis to reconstruct diet in Medieval Scandinavia has 

contributed to our understanding of the historical past. What is also clear is that the 

greatest potential in this method lies in the future. As technology continues to improve 

as well as our application and understanding of it, our grasp on diet as it was in the 

Middle Ages will likely only continue to improve as well, no doubt ushered along by 

the cohorts of new scholars who have been specifically trained in interdisciplinary 

approaches to Medieval Studies. And while it is impossible to predict with complete 

certainty what Medieval dietary studies will look like in ten or even twenty years from 

now, if recent conferences are anything to go by it is safe to say that stable isotopic 

analysis is here to stay.147 As a complementary tool to traditional historiographical and 

archaeological methodologies, its inclusion should not be seen as that of a usurper or 

liberator of sorts, but as more of a knight errant with potential both apparent and 

undiscovered.  

With new tools come new problems however, and towards the pursuit of 

developing and outlining the use of this tool, the current thesis has sought to bring as 

much of the scholastic corpus as possible into a single location not only so that it can be 

easily referenced and utilized as a resource in the future, but as clear and tangible proof 

that this methodology adds significant value to academic discourse. With storied and 

proud regional archaeological traditions as varied as the nations and populations they 

originated from, it has been common in some cases to ignore or disregard stable isotopic 

analysis especially when the results it produces are sometimes not as revolutionary as 

                                                
147Organizers Jesper Olsen, Marie Kanstrup, Bente Phillipsen, and Mette Alstrup 

Lie, 2nd Radiocarbon and Diet Conference, Aarhus, Denmark June 20-23, 2017. 
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one might hope.148 Without a conscious effort then to better incorporate, collaborate, 

and develop solutions to the unique challenges of reconstructing diet in Medieval period 

Scandinavia using stable isotopic analysis, we rob from ourselves the ability to truly 

connect with those of the past over one of the most fundamental aspects of human 

existence, food. Instead, let us raise a glass of beer, a plate of salted fish, or even a bowl 

of boiled oats in their honor, and be all the richer for having done so. 

 

  

                                                
148Carl-Axel Moberg, “From Artefacts to Timetables to Maps (to Mankind?): Regional 

Traditions in Archaeological Research in Scandinavia”, World Archaeology, Vol. 13, 

No. 2, Regional Traditions of Archaeological Research I, (1981): pp. 209-221. 
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MOS-482 X812 J, 1.5 yrs 3.27 -19.09 14.59
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1
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Total sample n=26

Mean 3.28 -19.67 11.65

Range 0.45 1.82 4.23

Table 1. Isotope results for δ13C and δ15N bone collagen values. 
a Internal laboratory designation at Aarhus University. 
b Object ID number is the registration number from Moesgård Museum for the present project. 
c F = female, M = male, J = juvenile, u = unknown sex. 
1 Secondary sample of X666, first sample used femur bone this sample used available rib bones. 

*Low confidence in age estimates.      
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Cole, Mannino, and Fuller 2019, “Untitled dietary study on Medieval Hobro, 

Denmark”, (unpublished manuscript, May 6th, 2019), Figure 1, forthcoming. 
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FIGURE 24. 
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FIGURE 28. 
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Sweden”, Figure 2, p. 549. 
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FIGURE 34. 
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FIGURE 36. 
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FIGURE 37. 
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FIGURE 38.  
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FIGURE 39. 

 

van der Sluis et al 2016, “Palaeodietary investigation of a multi-period churchyard in 

Stavanger, Norway, using stable isotope analysis (C, N, H, S) on bone collagen”, Figure 

3, p. 123. 
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FIGURE 40. 

 

van der Sluis et al 2016, “Palaeodietary investigation of a multi-period churchyard in 

Stavanger, Norway, using stable isotope analysis (C, N, H, S) on bone collagen”, Figure 

4, p. 123. 
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FIGURE 41. 

 

van der Sluis et al 2016, “Palaeodietary investigation of a multi-period churchyard in 

Stavanger, Norway, using stable isotope analysis (C, N, H, S) on bone collagen”, Figure 
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FIGURE 42. 

 

van der Sluis et al 2016, “Palaeodietary investigation of a multi-period churchyard in 
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FIGURE 43. 

 

Arneborg et al 1999, “Change of diet of the Greenland Vikings determined from stable 
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FIGURE 44. 

 

Nelson et al 2012, “An Isotopic Analysis of the Diet of the Greenland Norse”, Figure 3, 
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FIGURE 45. 

 

Nelson et al 2012, “An Isotopic Analysis of the Diet of the Greenland Norse”, Figure 4, 
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FIGURE 46. 

 

Nelson et al 2012, “An Isotopic Analysis of the Diet of the Greenland Norse”, Figure 5, 
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FIGURE 47. 

 

Nelson et al 2012, “An Isotopic Analysis of the Diet of the Greenland Norse”, Figure 6, 
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FIGURE 48. 

 
Arneborg, Lynnerup, and Heinemeier 2012, “Human Diet and Subsistence Patterns in 

Norse Greenland AD C.980-AD c. 1450: Archaeological interpretations”, Figure 3, p. 
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FIGURE 49. 

 
Arneborg, Lynnerup, and Heinemeier 2012, “Human Diet and Subsistence Patterns in 

Norse Greenland AD C.980-AD c. 1450: Archaeological interpretations”, Figure 4, p. 

125. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

152 

 

FIGURE 50. 

 
Arneborg, Lynnerup, and Heinemeier 2012, “Human Diet and Subsistence Patterns in 

Norse Greenland AD C.980-AD c. 1450: Archaeological interpretations”, Figure 5, p. 
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Norse Greenland AD C.980-AD c. 1450: Archaeological interpretations”, Figure 6, p. 
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FIGURE 52. 

 

Árný et al 2010, “Dietary reconstruction and reservoir correction of 14C dates on bones 

from pagan and early christian graves in Iceland”, Figure 2, p. 685. 
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FIGURE 53. 

 

Árný et al 2010, “Dietary reconstruction and reservoir correction of 14C dates on bones 

from pagan and early christian graves in Iceland”, Figure 3, p. 686. 
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FIGURE 54. 

 

Árný et al 2010, “Dietary reconstruction and reservoir correction of 14C dates on bones 

from pagan and early christian graves in Iceland”, Figure 5, p. 692. 
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FIGURE 55. 

 

Árný et al 2010, “Dietary reconstruction and reservoir correction of 14C dates on bones 

from pagan and early christian graves in Iceland”, Figure 7, p. 694. 
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FIGURE 56. 

 

Sayle et al 2016a, “Deciphering diet and monitoring movement: multiple stable isotope 

analysis of the Viking Age settlement at Hofstaðir, Lake Mývatn, Iceland”, Figure 3, p. 

133. 
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FIGURE 57. 

 

Price and Hildur 2018, “The Peopling of the North Atlantic: Isotopic Results from 

Iceland”, Figure 12, p. 155. 

 

FIGURE 58. 

 

Price and Hildur 2018, “The Peopling of the North Atlantic: Isotopic Results from 

Iceland”, Figure 14, p. 155. 
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