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Sammanfattning:    

 Detta arbete utgår från en analys av tidsbegreppet sett ur olika vetenskapliga discipliners 

perspektiv och tar fasta på dualiteten mellan tid som kontinuitet eller process och tid som en 

ordnad följd av ögonblicksbilder. Utifrån tidigare resultat inom historievetenskap och arkeologi 

om tid som en flerdimensionell storhet gör författaren en distinktion mellan bakåttid som kan 

beskrivas som en ordnad serie av händelser att datera, och framåttid som förväntas beskriva de 

faktorer och processer i det förflutna som ändrat människors levnadsbetingelser som dessa 

iakttagits i det arkeologiska fyndmaterialet. Efter en beskrivning av några av de 

dateringsmetoder som står till buds inom arkeologin diskuteras några huvuddrag i beskrivningen 

av Öland under folkvandringstiden (mellersta järnåldern) samt klimatologiska förändringar som 

påverkat stora delar av världen under folkvandringstidens sista del.  

Det konkreta problemet bestod i att föreslå en kronologi för brukande och destruktion (i form av 

en massaker på borgens invånare) av Sandby borg, en öländsk fornborg. Metoden som använts är 

Bayesiansk modellering av de kol-14 bestämningar från de utgrävningar som tidigare gjorts. 

Efter en beskrivning av modern metodik inom kol-14 bestämning, innefattande mätning av 

isotopsammansättningar med acceleratormasspektroskopi, kalibrering och Bayesiansk 

modellering tillämpas metodiken på mätningar från ett 20-tal prov med underliggande 

stratigrafisk analys. Resultatet tolkas som att Sandby borg nyttjats från tidigt 400-tal fram till 

dess destruktion som inträffade i intervallet år 532-557 AD. En händelse med stark negativ 

inverkan i detta tidsintervall var ett Pliniskt vulkanutbrott år 536 AD som ledde till kraftigt 

sänkta medeltemperaturer och felslagna skördar över en stor del av världen. Uppsatsens huvudtes 

är att denna klimatologiska förändring bör övervägas som indirekt orsak (till exempel genom att 

skapa sociala motsättningar på grund av livsmedelsbrist) till Sandby borgs destruktion och i 

förlängningen till den kris som anses ha drabbat Öland under folkvandringstidens senare del. 

Sammanfattningsvis jämförs de klimatologiska förändringarna som indirekt förklaring till 

Sandby borgs destruktion med de förklaringsmodeller som utgår ifrån geopolitiska förändringar i 

Europa under 400-talets sista decennier utifrån det perspektiv som anlagts i inledningen.   

 

 

 

 

 

 

 



 

A chronology for a massacre: 

Bayesian C-14 analysis of the archaeological record from Sandby borg, Öland 

 

Abstract: This thesis addresses radiocarbon (C-14) dating of bioarcheological finds from 

Sandby borg, an iron-age ring fort on the east coast of the Baltic Sea island of Öland, Sweden. 

Archaeological evidence suggests that Sandby borg was used during the European migration 

period and that its main period of usage was terminated by an isolated incidence of inter-personal 

violence where the inhabitants were killed or abducted. Radiocarbon dating of individual 

archaeological finds from this period becomes imprecise due to fluctuations of C-14 ratios in the 

atmosphere during the period 420-530 AD. In the work presented here, Bayesian modelling, 

whereby multiple finds as well as chronological information from typology and stratigraphy are 

combined into a statistical model is deployed, together with an estimate of the percentage of 

maritime products in the diet of individuals subjected to C-14 dating. The outcome of this 

analysis suggests that the usage ranges from 410-537 AD (95.4% probability) and that the lethal 

attack took place between the years 532 and 558 AD (95.4% probability). This latter dating 

interval is about 40-60 years later than what has been suggested from previous studies. The 

reliability of the modified chronology and its consequences for our understanding of the Sandby 

borg site is discussed, and some future directions of research are proposed. 

 

Keywords: Radiocarbon dating, C-14, Bayesian analysis, Oxcal, Sandby borg, Iron age, Öland. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Foreword: The remains of the Sandby borg ring fort and its surroundings exert a strong 

attraction on many people, archeologists and non-archaeologists alike. To me, the isolation and 

harsh beauty of the place, situated in the coastal fens characteristic of south-eastern Öland  create 

a special ambience where the temporal dimension seems to disappear so that the events which 

occurred some 1500 years ago could equally well have happened yesterday or tomorrow. Add to 

this proof of a singular dramatic and violent event followed by abandonment of the site and we 

have an irresistible enigma as well as a potentially very rich source for information on every-day 

life in a society which disappeared a long time ago. Yet, due to factors in our own time, the 

archaeological studies of the location have been limited, even since its importance was realized 

around 2010. Here is an attempt to shed some more light and possibly contribute a fragment of 

understanding to what happened in history on an island in the Baltic Sea. 

I want to express my gratitude to Dr. Ludvig Papmehl-Dufay who has been a supportive and 

encouraging supervisor throughout the process. I am also indebted to Dr. Helena Victor who 

came up with the suggestion of Bayesian C-14 analysis of finds from Iron age Öland in the first 

place. I thank Dr. Caroline Jegerschöld for her valuable contributions in various stages of 

manuscript preparation. 
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1. Introduction: 

Time is an entity with a peculiar duality to its nature. It is central to our every-day thinking as 

well as scientific analysis in the natural sciences and humanities alike, yet is difficult to 

define. The aim of this thesis is to establish an improved chronology for the construction, 

usage and destruction of the Sandby borg ringfort on the Eastern coast of Öland. The overall 

question is: Can Bayesian modelling be used to narrow down the time frame for the massacre 

at Sandby borg using existing radiocarbon data? Based on such modelling, previous 

knowledge of the societal structure on Öland at the time as well as climatological changes are 

investigated to propose an updated explanation model for the events on the site and their 

explanatory power for the larger society.   

The outline of this work is that I start by briefly touching upon the subject of time: Does it 

exist in an objective sense, can it be measured and what purpose does it serve? I give an 

account (2.1) of some fundamental ideas from philosophy and physics and relate them to 

recent attempts in archaeology to relate terms such as change and evolution of societies in the 

past to the concept of time. The treatise then goes on to describe how time is actually 

measured in archaeology, through relative and absolute dating (2.2). 

In (3.1), a description is given of the present image of Öland during the Iron ages, especially 

the Migration period: the use of the landscape, the means of subsistence and internal 

dynamics as well as external interactions are discussed. A special aspect of subsistence is 

agricultures close reliance on climate factors. In (3.2) we specifically address an abrupt 

change in temperature towards the end of the migration period (536 AD), examine what 

proof for regional or global consequences can be found  and discuss its possible cause in the 

light of recent results in glaciology. 

I then move on (3.3) to introduce the reader to Sandby borg and what information have been 

gained from the excavations 2010-2018. 

In the methodology part (4.1), the ideas behind radiocarbon (C-14) dating will be described. 

An account will be given of how the precision has been increased by separation of isotopes 

and direct counting of molecules by accelerator mass-spectrometry, rather than measuring 

radioactive decay. It is then described (4.2) how the atmospheric C-14 ratio has varied 

considerably over time which is an impediment to dating. This problem can only be 

counteracted by the construction of calibration curves which take the variation into account. 

As a consequence, for individuals (e.g. humans) with mixed terrestrial and maritime diet, it 

will be necessary to estimate the percentage of maritime food in each individuals diet. This is 

accomplished by the measurement of another carbon isotope, 13C. I will discuss how the 

shape of the calibration curve during some periods (again the Migration period) will lead to 
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poor temporal resolution even for calibrated data. The method of choice to circumvent this 

problem is the application of Bayesian analysis, described in section  (4.3).  

In the Analysis and results section (5) a model for relative dating of about 20 archaeological 

finds from the Sandby borg excavations with relevant stratigraphic interpretations and 

previously subjected to Accelerator Mass Spectrometry (AMS) C-14 dating is presented. 

This data was used as input in the Bayesian analysis process. As a result, a chronology for 

Sandby borg’s phases is obtained. It turns out that the assumption that several of the 

radiocarbon comes from a singular event rather fortunately combines with a kink in the 

calibration curve during an otherwise poorly resolved period which leads to a fairly brief 

time interval encompassing the destruction event of Sandby borg. The robustness of the 

results is investigated and possible sources for uncertainty are analyzed.  

Finally, the Discussion (6) and Conclusion (7) analyses how the chronology thus obtained 

compares to what previously has been inferred about dating of the events and phases of 

Sandby borg. I discuss to what extent the model proposed here is corroborated by earlier 

hypothesis and how it can be used to improve our understanding of social dynamics on Öland 

during the Iron-age migration period. The results are also discussed in relation to the more 

complex models of forward time that were introduced in (2.1). 

 

2. Theoretical framework 

 
2.1 The concept of time in philosophy, physics and archaeology 

An oft-quoted statement on the duality of time is that of  St Augustine (354-430 AD): “What 

then is time? If no one asks me, I know; if I want to explain it to a questioner, I do not know” 

(Augustinus, 1996). Augustine elaborates two parallel views on time, one where time is 

intrinsic to the creation and linked to the movement of the celestial bodies, independent of 

the human observer, the other describing time as a construction of the human mind. This 

theme of duality has been explored by philosophers in the 19th and 20th century: Time is 

found to possess the dual characteristics and, for some investigators, apparent self-

contradiction of being simultaneously a continuum and an infinitely finely sampled set of 

points which lead to differing conclusions about its nature and even the notion of time in two 

dimensions, expressing continuity and succession simultaneously (e.g  Bergson, 2013 (1910); 

McTaggart, 1908). 

In physics, Newton mechanics (Newton & Weston, 1687) treats time as a universal fourth 

dimension, progressing uniformly throughout the universe so that even if entities such as 

location and velocity are uniquely defined only up to relative uniform motion, there is a 

notion of universal time. Newtons law of gravity, together with his three laws of motion 

govern the temporal development of any system described in sufficient detail (a lot of devils 

live in the “sufficient detail” so I take it to mean sufficiently simple systems where the 
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mathematics remain tractable). As a consequence, time can be measured in an exact way by 

observing suitable moving objects (including planets orbiting the sun) and is thus 

transformed from the abstraction of philosophy to an observable, if not tangible entity.   

The notion of a universal time, consistent with our everyday experience, was challenged by 

the  formulation of special relativity (Einstein, 1905) where it is postulated that  1: the laws 

of nature are universal and not changing over time and 2: light (in vacuum) has the same 

speed to all observers, independent of their movement in relation to the light source (the first 

assumption is introduced to make any analysis meaningful, the second is a concession to 

observations about electromagnetic radiation that come to conflict with Newtonian 

mechanics). These postulates lead among other things to the conclusion that time passes at 

different rates for observers that moves in relation to each other (or experience different 

gravitational potentials), the difference depending on the speed of movement (the variation in 

gravitational potential). The concept of a universal time is therefore transformed to a mosaic 

of time scales, defined by relative velocity and gravitation. Interestingly, the concept of two 

dimensional time which was encountered above also appears in branches of theoretical 

physics (cosmology, statistical quantum mechanics) as imaginary time (Holyoke & 

Hawkings, 1989) which share the property of describing time as continuity with the two-

dimensional time-concepts in philosophy which were discussed above and the non-linear 

temporal processes in an archaeological context, which will be described below. 

An outstanding issue with both Newton- and relativistic mechanics is the direction of time. 

The laws dictating how objects move in relation to each other are reversible so that, for a set 

of particles undergoing a transformation with respect to their positions, velocities, etc, 

governed by the laws of Newton mechanics, the reverse transformation is also in compliance 

with these laws. Yet, experience tells us that certain processes, when systems of a certain 

complexity are observed, become unidirectional: houses might detoriate into rubble when 

exposed to time and harsh conditions, but rubble does not transform into buildings without an 

external force; heat flows from hotter areas towards colder but not spontaneously in the 

opposite direction. This directionality of time (known as times arrow (Price, 1997)) appears 

in a number of shapes, the best known being the second law of thermodynamics, stating that 

there is a state function, entropy, which will increase with time in any closed system. Its 

definition is such that it loosely corresponds to saying that thermal energy is a reservoir from 

which heat can only transfer to a colder environment and is often interpreted as meaning that 

the disorder of a closed system strive towards a maximum. 

If attention is turned to archaeology, ever since it emerged as a scientific discipline with 

ambitions for a theoretical foundation, investigators have sought tendencies or laws, widely if 

not universally applicable to describe changes in ancient societies which are visible in the 

archaeological record (Renfrew & Bahn, 2016 p 26-48 ). Thomsen proposed the Three Age 

System, describing a technological progression over time from stone to bronze to iron which 

remain widely used in European archaeology (Thomsen, 1836) whereas E.R. Service 

suggested a four category principle for organizing societies according to their size and 

complexity, with the idea that the general trend for societies is to develop towards the more 
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complex (Service, 1962) . As for the actual processes transforming societies, processualism 

or New Archaeology is a branch of theoretical archaeology which describes transformations 

in prehistoric societies as caused by changes in one or more factor, leading to changes in 

other factors, and eventually to societal transformation. The causes predate the consequences 

and all factors should be observable in the archaeological record (Willey, 1958). The 

conception of processualism is attributed to Lewis Binford and an early study object was the 

neolithization process (Griffin et al, 1969). The role of the investigator would then be to first 

suggest a model by finding factors describing an important transformation, retrieving 

archaeological evidence for them and describing the dynamics that made them 

interdependent. Secondly the scope of the suggested model can be examined by investigating 

its applicability to similar societal transformations taking place in other places, at other times.  

It is easy to see how these attempts to formulate rules or laws describing the temporal 

transformations of past societies resemble deterministic laws (such as Newton mechanics or 

Einsteins theory of special relativity discussed above). These ideas were not uncontroversial 

and criticism was fueled by an exaggerated expectation on the scope of applicability. Ian 

Hodder pointed out that in a complex system, the changes in state parameters necessary to 

induce large changes might be so small they are unlikely to be recognized in the 

archaeological record and also argued that much of the archaeological record is affected by 

the choice of different individuals to manifest themselves rather than a direct consequence of 

objective factors of the society to which they belonged (Hodder, 2012).  

G. Lucas (Lucas, 2005) discusses how our notion of linear time, flowing from the past to the 

present and into the future is well-aligned with the concept of cause and consequences in 

processual archaeology (the cause predating the consequences). However, he argues, there 

are temporal processes which are not suitably described by the intuitive model of a single 

temporality. For example, a number of cyclical temporal processes each with explanatory 

power and different periods can superimpose (possibly with a non-periodic process) into an 

aperiodic temporal process without apparent explanation. An analysis of this phenomenon 

with impact on archaeology comes from the Annale school (Braudel, 1980); Braudel 

introduces three time-scales on which change in history evolves: a long scale, describing for 

example changes in environment, a medium time-scale describing social or structural history 

and a short scale relevant for isolated events or the impact of individuals. Trends (cyclical or 

not) on each time-scale interacts with trends on the others in a way which could not easily be 

analyzed without the simultaneous analysis on different time-scales. Studies deploying this 

model includes Gurevich (1995) and Last, (1995). The influence of human agency on the 

transformation and collapse of societies has been analyzed, using the mathematical 

formalism of chaos theory, while deploying Braudel’s timescales, so that the influence of 

individuals is represented as (random) processes, occurring on the shortest time-scale and 

feeding energy into and amplifying any inherent instability of the process on the longer time 

scale (van der Leeuw & McGlade, 1997).  

Approaches like the ones described above share similarities with the concept of imaginary 

time in physics (described above) as the latter is equivalent to Fourier transformation of 
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linear  time, i.e. decomposing time-dependent processes  into cyclical components which 

essentially also is what is done in mathematical analysis inspired by Braudels analysis.  

It can thus be concluded that a new duality of time has been constructed: Time running from 

the present towards the past provides an answer to the question: “How long ago did the event 

XX occur?” Later events provide no explanatory power for earlier ones and the latter can 

therefore be temporally defined as a point on a time-scale (“XX occurred 1414 years before 

present “, c.f. the philosophical notion of time as an ordered set of points discussed above). 

Time as a forward process, however, seems to carry the burden of explanatory expectation 

for what happens in it, and one might need to consider the multidimensionality described 

above. In this work, the aim is to establish a chronology for the events occurring at Sandby 

borg, that is to date them in backward time. Our hope is that such a chronology will provide a 

better basis for an understanding of the dynamics of the period (locally or with a wider 

scope) which would mean analysis of processes in forward temporality. 

 

2.2 Methods for relative and absolute dating 

 

The need to date archaeological finds is an obvious prerequisite for any meaningful 

interpretation of pre-history. In the 19
th

 century, absolute dating (ascribing an age in years to 

individual objects) was usually impossible for want of the technologies developed during the 

20
th 

century. Instead, methods for relative dating were  applied: 1. Stratigraphy (Harris, 1979) 

is the principle for ordering finds from  a particular excavation site  whereby finds from an 

earlier date got deposited before and therefore in an underlaying layer, and finds deposited 

later in an overlying layer and associated find, for example in a grave are supposed to have 

been deposited at the same time (based on the establishment of a reliable context analysis). 

The position of an object in a stratigraphical series relates to its time of deposition, not its 

manufacturing or period of use, which adds additional complexity. 2. Typological sequences:  

Thorough analysis of how design and style in manufactured objects change over time has 

shown that objects with similar design have a higher probability of being contemporary in 

time and that change over time is gradual. Therefore, analysis of the same kind of objects 

(with some recurrence in the archaeological record) can suggest typologies for each kind of 

object and typologies have been constructed for essentially every category of artefact found 

in the archaeological record.  

 

It may be thought that with the development of methods for absolute dating becoming 

increasingly important, relative dating techniques would be correspondingly less important   

but as will seen they continue to play a significant role providing a priori models in Bayesian 

analysis of C-14 dating. 



6 
 

Absolute dating: Even without the more widely applicable scientific methods described 

below, and without an established historical calendar for the region of investigation, absolute 

dating can occasionally be achieved by linking archaeological finds originating from a 

culture with an established calendar. In practice, this can mean the deposition of Roman 

solidi (gold coins) in an assemblage of other finds (or in stratigraphic relation to them). The 

solidi had the ruling Roman emperors insignia imprinted on them, and thus represents a 

terminus post quem (after this date) date for an assemblage in which it is found (Carver, 2009 

p 272-275).   

The most generally applicable means for absolute dating, however, are the scientific 

methods. These are based either on measuring the periods of a cyclical process that somehow 

leaves its mark in the archaeological record, or on the determination of the continuous decay 

(or accumulation) of a measurable quantity. I will describe dendrochronology (tree-ring 

dating) and radioactive decay. Dendrochronology is essential for the construction of the 

calibration curves used in radiocarbon dating (see 4.2 below).  

Many trees (especially oak, pine, Sequioia and Douglas fir) have the property that their 

uptake of water and nutrients vary over the year and this variation leads to variation of cell 

size with annual periodicity, which in turn manifests itself as visible lines or tree rings. 

Furthermore, the relative width and shape of these rings are dependent on variations in 

temperature and precipitation. As a consequence, it has been possible to visually (under 

microscope) or through X-ray densitometry measure tree-rings from samples of wood and 

calculate ring-width indices (where factors intrinsic to the age of the particular tree, the 

height on the tree-trunk where the sample was taken etc are eliminated). By comparing ring-

width indices of live trees with older specimen from peats etc, floating chronologies have 

been obtained, so that pieces of wood with an unknown age but visible rings (lines) can have 

their age determined through comparison of ring-width indices and interpolation in the 

established chronologies. As discussed in (3.2) variations in temperature can be determined 

with high precision at least throughout the Common Era (Walker, 2005 p 123-126).   

Dating based on radioactive decay is based on the fact that naturally occurring elements often 

contain a mixture of isotopes, of which some are unstable. Any element is uniquely defined 

by the number of protons in its nucleus (the atomic number Z ). The nucleus also contain   

non-charged neutrons (represented by the neutron number N) with the sum of atom number 

and neutron number constituting the mass number A, A=N+Z, so that an isotope of element 

X with Z protons and N neutrons is represented as 𝑋𝑍
𝐴  or shorter 𝑋 

𝐴  as Z is implicitly defined 

by X. For most elements, the natural composition is a mixture of isotopes, which might show 

a slight variation dependent on location. For any isotope, N is fairly close to Z. Furthermore, 

some isotopes are stable over eternal times (unless subjected to extreme energy) while others 

spontaneously decay either by emitting one or more neutrons and transforming to another 

isotope of the same element  (for example 𝑋 → 
𝐴  𝑋 

𝐴−1  +n if one neutron is emitted and X’s 

mass-number is decreased by 1). Another means of  radioactive decay is the transformation 

to an element with lower atomic number by emitting 1 or 2 protons (an-particle), reducing 

Z by 1 or 2. The decay can also take the form 𝑋 → 𝑌𝑍−1
𝐴

𝑍
𝐴  i.e. the atomic number decreases 
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(and a new element is obtained) but the mass is almost unchanged as N is increased by 1. In 

this case a positron and energy are dissipated. The important number characterizing these 

decay processes is their half-life H: The rate of decay for a sample of nuclei (of a certain 

type) is proportional to the number of nuclei in the sample, leading to the expression 

𝑁(𝑡) = 𝑁0𝑒−𝑙𝑛(2)𝑡/𝐻 
 (eq. 1) with 𝑁(𝑡): the number of nuclei remaining at time t; 𝑁0 the 

number of nuclei before any decay has occurred and t is time  (in the same unit as the half-

life H, for our purposes calendar years so that at t=H half of the nuclei have decayed). Ln()is 

the natural logarithm and e its base (e2.71828) so that 𝑒ln (𝑥) = 𝑥.  If N(t) for an isotope 

(with half-life H, comparable (see below) to the time scale of interest) can be accurately 

measured at the present time with 𝑁0  known (or inferred with some certainty) for the event 

to be dated and no other processes than the decay involving the isotope occur, then dating of 

the specimen (time elapsed since 𝑁0 = 𝑁(0) ) is obtained as t=(ln𝑁0-lnN(𝑡))∙H/ln2 (Eq 2) 

which is readily seen by taking logarithms. The number of nucleii from different isotopes of 

the same element remaining at present time can be determined by mass-spectrometry, where 

spatial separation of accelerated particles based on their mass-difference is used to separate 

isotopes and record their relative ratios, providing higher accuracy from smaller sample sizes 

than by other means. This technique will be described further with respect to C-14 

measurements in (4.1).  

To provide a useful atomic clock for archaeological dating, the half-life of an isotope must 

fall in a time range comparable to the age (time since deposition) of the objects to be dated.  

Too short a time elapsed and no decay of the unstable isotope will be detected, too long time 

and no remaining nuclei will be detected with statistical significance.  

C-14 has a half-life of 5730 years and is useful for dating in the interval 30000 (sometimes 

50000)-400 years ago. It is widely applicable as in principle any material containing carbon 

with a biological background (i.e. carbon absorbed from the atmosphere but not carbon 

originating from mines) can be used  (Pollard, 2007 p 123-126; Walker, 2005 p 17-26). 

 

3.  Previous research: the quest for explanatory power 

3.1 Öland during the Iron age migration period 

The migration period in Scandinavia is a period roughly between 400 AD–550 AD. It is 

characterized by migratory movements and conflicts on the European continent, associated 

with the influx of population groups from Asia and the subsequent decline and fall of the 

West-roman empire. Towards the end of the period, a dramatic environmental change was 

brought about with global consequences. On Öland, the period is characterized by a high 

density of settlements, a subsistence based on agriculture and trade (with central and southern 

Europe) as well as a high level of conflict (Stenberger, 1964 p443-449; p537-551) 

J.H. Fallgren (Fallgren, 2006) has explored the number of homesteads (sw. gårdar, 

economically independent units sustaining one family and members of their household) and 
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estimates their number to 230. He sorts them into 3 categorizes (1-2 houses, 3 houses and for 

the largest homesteads 4-5 houses/homestead). The residential houses are built as three-aisle 

long houses with roof-supporting poles inside the walls. A special feature of long houses on 

Öland and Gotland from this period is that they are built with a dry stone wall, dominated by 

limestone, outside an inner wooden wall. Homesteads consisting of more than one house will 

often have at least one house with an open gable, serving as a cattle house. The length of the 

long houses usually varies between 20-35 m, with exceptional examples exceeding 50m, 

while the cattle houses rarely are longer than 20 m. The width tends to be 6-9 m. When a 

homestead is made up of two houses, these are often joined at straight angles, while four 

houses might join to create a protected inner yard. 

Both Fallgren and Mårten Stenberger (Stenberger, 1933) describe how the homesteads often 

were organized into villages and Fallgren emphasizes that the majority of homesteads are 

parts of village structures (Fallgren, 2006 p49, p77). Some characteristics of these villages are 

that they consist of 5-20 homesteads, in a spatially loose organization with 50-200 m between 

homesteads and that one homestead in every village will be clearly bigger than the others. 

This organization of densely populated land into long houses (Sw. Kämpagravar in older 

archaeological literature), homesteads and loosely structured villages abruptly disappeared in 

the last decades of the fifth century and the houses were frequently destructed by fire as 

revealed by the excavated house foundations (Stenberger, 1933 p 213; Papmehl-Dufay 2019 

in preparation)  

A ubiquitous physical structure which sheds further light upon the organization of villages are 

the stone enclosures (Sw. stensträngar) which have been (now derelict but observable) 

enclosures of meadows or fields alternatively, when made up of two lines of stone, paths in 

which cattle could be prodded. Stenberger describes how cattle paths from each homestead 

lead to the commons where the cattle were put to pasture. Furthermore, he concludes that the 

plots of land closest to the homesteads were enclosed and owned by respective homestead. 

Stone enclosures have enclosed land where the soil would have been too thin for ploughing, 

the conclusion being that the main part of the agricultural land was used as wooded meadows 

to provide forage for the cattle (Stenberger, 1933 p104). Fallgren concludes that the enclosed 

land used for growing crops is situated closest to the homesteads. The total area of a village, 

including all enclosed areas, but not the commons can be very large, up to 1000 acres or 

more. The smallest villages enclose some 150-300 acres (Fallgren, 2006 p78) . 

Apart from the long house-homestead-village hierarchy, a significant form of settlement are 

the ring forts of which 19 are listed (Wegraeus, 1976). The ring forts are collections of houses 

fortified with a (sometimes two) dry stone ringwall(s), 3-6 m of height. Unlike ring forts on 

Swedish mainland, their Öland counterparts cannot take advantage of much height difference 

in the landscape and thus have to be fortified all-around (the exception being Bårby). Their 

period of use varies but spans from the 4
th

 century AD into early middle ages when they were 

abandoned permanently. The number of house grounds vary with 88 identified house grounds 

in Ismantorp, the largest ringfort. Some have been places for permanent residence (while 

providing protection from violent attacks) while some seem to have been a place of refuge in 
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immediate connection with a threat, showing no evidence of long-term residence. Close to the 

ring-forts, one often finds fen-like land, providing water and making hostile approaches more 

difficult. 

The excavations which have been performed at Ismantorps ring-fort reveals no culture-layer, 

i.e. the fort is almost void of proof of human activity despite the large number of house 

grounds. This together with the number of gates in the ring-wall (9) have led to speculations 

that Ismantorp had ritual functions (Stenberger, 1933 p 235-243).  

Apart from Sandby borg (3.3) I will briefly describe Gråborg and Eketorp ring-forts: 

Gråborg is the largest of the ring-forts on Öland and was situated in waterlogged ground 

towards south and east, with more solid ground to the west and north. The wall has a 

circumference of 640 m and might have been surrounded by a moat. It has had three gates 

(two now derelict) and according to older sources cited by Stenberger also barbicans, but 

some of these features are likely to have been medieval constructions, which have helped to 

preserve the entire wall until present day. No house grounds have been identified inside the 

perimeter. The fortification, which found military use into the 17
th

 century is thought to have 

been important for military purposes as well as for trade (Stenberger, 1933 p238-234). During 

the migration period, Gråborg might have represented a local power center for the 

mid/southern parts of Öland, with possible ramifications for a dynamic including Sandby 

borg (Victor, 2018). 

Eketorp is the only ring-fort on Öland which have undergone a total excavation. It is also 

reconstructed with ring-wall and houses. The excavations reveal that Eketorp have undergone 

three phases of usage (based on stratigraphic layers), I: 300-400 AD II: 400-700 AD and III: 

1000-1300 AD (Näsman et al, 1976). For comparison with Sandby borg, I am thus mainly 

interested in Phase II. In this phase, the diameter of the fort is approximately 80 m with 39 

house grounds lying against the inner perimeter of the ring wall (c.f. Fig 1 showing the layout 

of Sandby borg). Three gates, situated in East (E), SSW and NNE go through the wall. 13 

houses are placed in a central block and one solitary house is situated between the central 

block and the wall to NE. The houses are similar in type to the long-houses described above, 

with two rows of roof-supporting posts, and a hipped saddle-roof, but only some 10-12 m in 

length. While Eketorp I left few finds and a very thin culture layer (and therefore is unlikely 

to have been habituated for long periods of time), the culture layer from Eketorp II is thicker 

with a multitude of finds, portraying Eketorp II as a permanently occupied but fortified 

farming village. Based on the distribution of finds, function of the houses as either residential, 

byre, workshop or storehouse have been suggested. Whereas Eketorp I transformed into 

Eketorp II through building work but without noticeable signs of abandonment and 

reoccupation, Eketorp II was abandoned and the site mostly left alone for 300-400 years 

before the start of Eketorp III. The interpretation is that Eketorp II was abandoned peacefully 

and deliberately, but that it may have been prompted by some sort of stress on the occupants 

caused by environmental factors. The dating of the phases is accomplished by uncalibrated C-

14 measurements by Geiger counter of charcoal finds found in the vicinity of fire-places, and 

by typological analysis of dateable finds (Näsman, 1976, p52 Fig 32 & p 55). It is instructive 
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to see how the methodology applied could be improved by employing the state-of-the-art 

techniques described in (4.1)-(4.3) below, which would yield improved resolution of Eketorps 

phases and perhaps even link the beginning and termination of Eketorp II to discernable 

events. As for subsistence, Stenberger concludes that even if some land has been fenced and 

used for growing crops for human consumption, the dominating use of land was for 

supporting animal husbandry, either as pasture or as wooded meadows, providing animal 

forage (see above) (Stenberger, 1933 p 105). This conclusion is supported by (Pedersen & 

Widgren, 2004), who, when comparing Öland to other parts of Scandinavia, find the Öland 

landscape in proximity of villages to be split up in small patches by the stone enclosures, 

while manured fields used for growing crops are small, with rounded corners occupying a 

comparatively small percentage of the fenced area. Pedersen & Widgren also discuss how 

some of the characteristics of housing and disposition of the land which have been described 

above is connected with changes in agriculture taking place during the iron ages: The three 

aisled houses made it possible to have a separate part as cattle barn (with an open gable) and 

their introduction coincide with the habit of keeping livestock indoors during the winter 

season. More efficient ways of animal husbandry lead to efficient ways of collecting manure 

and manuring of ploughed fields was a prerequisite for efficient usage of the land. 

Furthermore, ploughing necessitate the removal of stones from the fields. The stones can 

obviously just be piled in heaps (Sw. röjningsrösen)  but also be used for providing fencing 

of meadows or paths for cattle prodding. Making the effort of creating these enclosures also 

make for the recognition of the land as someones property, to be recognized by the rest of 

society for a period of time. Pedersen & Widgren associate this with emerging superstructures 

in society.  

Attempts to understand how the inhabitants of Öland interacted with other groups, both 

around the Baltic Sea and further afield, have often centered on the occurrence of solidi 

(Roman gold coins) and other gold objects. A number of large hoards of solidi have been 

found spread over the entire island, with the richest hoards found in Björnhovda, Åby and 

Stora Brunneby (Fischer et al, 2011; Herschend, 1980 p 83-97). Also smaller caches and 

individual finds are found (Stenberger 1933, p 208). Various questions can be raised: To what 

extent was the solidi imported to Öland in small quantities, through the efforts of individuals, 

and to what extent was it imported in large batches, probably by an organization? –Did the 

gold come into the possession of those who eventually brought it to Öland through trade or as 

a result of someone partaking in military efforts? If so, were men from Öland enlisted in 

Roman legions and receiving pay in solidi, or were they involved with Germanic groups in 

the complicated dynamics with the Roman Empire around limes? 

It has been suggested that rather than individuals seeking their fortune as mercenaries on the 

continent, entire contingents with ties through kinship or similar, would travel to an area of 

conflict and enroll in an enterprise of war (Fischer & Lopez-Sanchez, 2016). Fisher and 

Lopez-Sanchez analyse the hoards on Öland based on their engraving. Their conclusion is 

that the majority of the solidi have reached Öland in 3 different events, connected with war 

enterprises in AD 431-434 (linked to hoards in Skogsby and Stora Brunneby), around AD 

457-465 (Roman emperors Majorian and Libius Severus, linked to the hoards in Björnhovda 
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and SW Öland), AD 467-472 (Roman emperor Anthemius, mixed East- and Westrome, 

linked to the Åby hoard) and finally a fourth payment around the fall of Westrome (AD 473-

477). 

As for the events during the last decades of the 5
th

 century or the beginning of the 6
th

, it is 

clear that the existing system for habitat disappeared within a short period of time. 

Furthermore, houses often seem to have been burnt down (see above). Stenberger 

(Stenberger, 1933 p208) discusses different explanations for this development and claims that 

a large scale emigration from Öland is unlikely. A deliberate change in life-style is also an 

unlikely alternative as the population seem to have decreased drastically. Thus Stenberger 

concludes that the explanation must have been a disastrous event. Several scholars predating 

Stenberger and cited by him, hypothesize that the quenching of the influx of gold lead to 

violent conflicts on Öland, either as an invasion by an external aggressor, or as internal feuds. 

It is also proposed that the burial of gold hoards is an indication of violent and insecure times. 

Several candidates are suggested for the role as aggressor, while Stenberger, even if he leans 

towards the explanation that the disaster is linked to acts of violence, doesn’t rule out other 

explanations or advocate any special ethnic groups as parts in the conflict. Fisher on the other 

hand concludes his studies of distribution of solidi by suggesting that tensions built up 

between different groups upon their return to Öland after serving in foreign armies, and that 

this tension erupted in large scale violence. Fisher & Lopez-Sanches find support for this 

proposal in the violent events at Sandby borg, which he dates to around AD 490 (Fischer & 

Lopez-Sanchez, 2016). 

3.2 Climate and its abrupt changes 

As for climate impact, temperature estimates are based on dendrochronology and movements of 

glacier fronts and their interpretation remain somewhat uncertain. Average temperature for the 

period of study are less than 0.5
⸰ 

C colder than today. As a comparison, the “small ice-age” 

between the end of the 16th century and the 18th century has an average temperature between 

0.5
⸰

 C and 1
⸰

 C below todays average temperature (Pedersen & Widgren p 249).   

While climate variations describe trends and by definition vary over decades (which also is the 

temporal resolution in the data displayed by Pedersen & Widgren), isolated abrupt variations  in 

weather conditions can be so sharp that they have a dramatic and lasting effects on human living 

conditions. For example, as reviewed by Bo Gräslund (Gräslund, 2007) several independent 

written sources from the antique (using the Julian or compatible calendars) describe a situation 

during 535-537 where the sun light didnt penetrate in an efficient manner even in summer as the 

sky was covered in a diffuse haze. Chinese astronomical observations (specifically that the star 

Canopus in the constellation Carina in the southern hemisphere became invisible during spring 

and autumn equinox in 536 AD) as well as reports of cold temperatures and famine during this 

period  support  reports about the obstruction for influx of light as a global phenomenon. Tree 

ring analysis from European oak corroborate the notion of drastically lower temperatures (1.5-

2°) around these years (Esper et al, 2014).  
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It is an established fact in volcanology that Plinian volcanic eruptions exceeding 6 on the VEI 

scale (Lockwood, 2010 p 397-411) can cascade millions of tons of sulphur and fine ash particles 

into the lower stratosphere where it spreads, driven by global wind systems  thus creating global 

cooling lasting up to a decade. The most well-documented global consequences come from the 

eruption of Tambora, Indonesia (1815)  (Oppenheimer, 2003).  

Therefore great efforts have gone into connecting the conditions around 536 AD with a specific 

volcanic eruption. Volcanoes with Plinian eruptions in a time span (as determined by C-14 

measurements or chemical analysis of ice core depositions) encompassing this time include 

Ilopango (El Salvador), (Dull et al, 2001; Kutterolf et al, 2008), and unidentified volcanoes in 

North America (Sigl et al, 2015) and on Iceland (Loveluck et al, 2018 Supplementary fig 2.1). 

Interestingly, the two latter studies employ emerging techniques in the analysis of ice-cores from 

glaciers (where millimeter thick sections are extracted and analyzed with HR-ICPMS (High 

Resolution Inductively Coupled Plasma Mass Spectrometry)  and similar techniques) to obtain 

datings of volcanic eruptions (of unknown location) with an uncertainty of a few years. If 

volcanic tephra can be extracted from the cores (as in these cases) its composition can be 

compared to tephra from known volcanic areas, but a specific volcano cannot be identified with 

certainty without auxiliary information).   

 

3.3 Sandby borg 

The Sandby borg ringfort is situated on the eastern coastline of Öland, between Gårdby and 

Stenåsa, 2 km southeast of Södra Sandby. It has been mentioned as one of Ölands 19 hillforts 

with its overview described (Stenberger, 1933 p 225-226), but for a long time attracted less 

interest than some other forts (see (3.1)). In 2010, assumed looting pits were found on the site 

and a metal detector search was initiated by Länsstyrelsen in Kalmar Län. As a consequence, six 

relief broches were found and it was decided to undertake further archeological investigations 

(Dutra Leivas & Victor, 2011). Excavations have been carried out in the years 2011-2018  

(Gunnarsson et al, 2015) (Papmehl-Dufay,L.,personal communication). Some key findings with 

special relevance for the present study will be presented here: 

Investigations with ground-penetrating radar have shown the ringfort to be 95 x 65 m (the long 

axis in NW-SE orientation) on the inside perimeter of the wall and 104 x 70 m on the outside. 

The perimeter is made of a limestone wall, 8 to 4 meters in width. Two tentative gate openings 

are identified in SE and NE. Outside this wall there is an outer defense perimeter with blocks of 

stone and to the north of this defense system there is a well which provided fresh water. The 

arrangement of buildings inside the fort coincides with Eketorp II: A central block of 16 houses 

and 37 houses placed radially against the wall (Fig 1.) (Viberg, 2012).  

To date, 5 deposition pits have been found, inside the houses in the central block and close to 

their doorposts. These pits contain prestige objects in the form of jewelry and beads, dateable to 

the Roman iron age or the Migration period (Alfsdotter et al, 2018). Three houses have been 

fully excavated while 6 others have been partially investigated, totaling less than 10% of the total 

housing area. In all houses, ceramics have been found, in some cases as complete vessels. Other 
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finds are typical for a domestic setting during this period: nails, loom weights, iron rods but these 

finds are not abundant, compared to the large number of prestige objects found, both in the 

deposition pits and on the floor level in the houses.  

The most remarkable part of the archaeological evidence are the remains of at least 26 human 

beings found in the houses and in the street area between the central block and the radial houses 

facing the wall. Their injuries, together with the observation that they were not tended for in any 

burial process indicated that they were all killed in a single incidence of interpersonal violence 

(Alfsdotter, 2019). The age range of the victims range from infancy to middle age or above, 

whereas all the remains (except one) where biological sex have been possible to establish 

indicate male victims.  

Of the prestige objects, especially the relief broches (5 complete ones, found in 5 depot pits and 

two broken) are especially suitable for typological dating (Victor 2018). They are made in gilded 

silver with rich ornamentation and niello technique where a black inlay is applied to the 

engravings in a metal object. The broches typologically belong to the Salin I period (Salin, 1904) 

and dated to AD 450-510. They are thought to be the property of  married women of  high social 

standing and it can be noted that there is exactly one per deposition pit.  

Another type of prestige objects found in houses and deposition pits are beads. They are made 

mostly of glass, but also of amber. Some of the glass beads are made in the millefiori technique 

with floral motifs. This kind of glass beads are thought to originate from Eastern or Southern 

Europe and some typologically date back to Roman iron age and thus offer less dating 

information than the relief broches (Alfsdotter et al, 2018; Victor 2018; Alfsdotter, Papmehl-

Dufay & Victor 2018). 

An interesting aspect of the rich finds of glass beads is whether Sandby borg can have been an 

early workshop for glass manufacturing on what came to be Swedish soil. Sites with signs of 

glass bead manufacturing date to the Vendel period and glass making in Sweden is not clearly 

manifested before the Viking age. However, during the 2016 excavations of house 4 (see Fig 1), 

several finds compatible with glass manufacturing activities (small pieces of glass and glass melt 

and an iron pan) were made. House 4 was interpreted as a workshop for various purposes. 

Retrieved melts and beads were compared through XRF(X-ray fluorescence)  analysis to 

compare metal content and it was concluded that the analysis didn’t rule out that the beads were 

made from the same melt, but more sophisticated analysis is needed to test the hypothesis further 

(Karlsson, 2018)(Karlsson, M., personal communication). 

The house (among those investigated) with the most informative finds, both with respect to 

prestige objects and to individuals fallen victims to violent attack, is house 40. The jewellery 

cache is the largest found and contained a relief broch, 6 finger rings and a large quantity of glass 

beads and silver spirals (Alfsdotter et al, 2018). On the floor level, ceramic vessels, currency bars 

and raw amber were found, but also a 56 cm long spearhead, a solidus from the reign of 

Valentinianus III and other valuable objects, for example a broken relief broch (Victor, 2018) On 

the floor level were also found the remains of 9 bodies, 6 of which with perimortem injuries . It 

should be noted that not all lethal injuries leave traces on the skeleton (Alfsdotter, 2019). An 
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important find in this house is the assemblage of lamb carcasses by the inner gable (Gunnarsson 

et al, 2015). Osteological analysis indicate that the lambs had been recently butchered at an age 

of 3-6 months. As lambs are born in spring, this indicate that the destruction event occurred 

during summer (Alfsdotter et al, 2018; Gunnarsson et al, 2015). 

 

4. Methodology 

I now turn to the method of my choice, absolute dating by measuring the ratio of C-14 in ancient 

specimen which once absorbed organic carbon , but stopped doing so no later than at the time of 

its deposition in the archaeological record (terminus ante quem). In the sequel, I will largely rely 

on  (Taylor, 2014); see also (Renfrew & Bahn, 2016) and (Walker, 2005). To make C-14 a 

feasible dating mechanism, several requirements need to be met:  1. A mechanism for the 

production of C-14 which guarantees a 𝐶 
14  ratio (in comparison to stable carbon isotopes) which 

is known to be constant (or at least as in our case, correctable) over time as well as a tractable 

expression for its decay with a half-life relevant for archaeological studies. 2. A model for how 

different carbon isotopes migrate through the nutritional chains and what retention times should 

be applied to compensate for different organisms with different nutritional habits (e.g. humans 

with mixed maritime/terrestrial diets). 3. Assertions that the only mechanism for change in the 

𝐶 
14  ratio after deposition is the radioactive decay process (specimen handling). 4. An accurate, 

sensitive and cost-efficient  method for determination of the 𝐶    
14   ratio (AMS).  5. An empirical 

model (calibration curve) to compensate for fluctuations in the 𝐶 
14   ratios in atmosphere and 

water at different times (4.2) as well as means to incorporate several measurements and auxiliary 

information to mitigate loss of temporal resolution especially during periods when the calibration 

is uninformative (Bayesian modelling (4.3)). 

4.1 Radiocarbon dating 

The upper stratosphere is regularly hit by cosmic radiation e.g. nuclei of hydrogen accelerated to 

very high energies (100 MeV-10 GeV), enough to trigger nuclear reactions if colliding with 

gaseous components in the stratosphere. Such collisions will generate neutrons (n) which in turn 

will impinge on nitrogen-molecules (𝑁2
 , the most abundant component in the atmosphere), 

trigging the nuclear reaction 𝑁 
14 +n→ 𝐶 

14 +p i.e a nitrogen atom is converted to a carbon atom 

but the mass number is maintained (see 2.2). The total production of C-14 from cosmic radiation 

ranges between 1.8-2.5 atoms/cm
2
/second. Atomic 𝐶 

14  is not chemically inert in the atmosphere, 

but will react to form 𝐶 
14 O2, carbon dioxide, which will be diffused throughout the atmosphere 

by stratospheric and tropospheric winds. Close to the Earths surface, carbon dioxide can enter  

biological pathways through photosynthesis or be dissolved in water as bicarbonate. The time to 

convert 95% of the 𝐶 
14  to  𝐶 

14 O2 ranges from weeks to months (depending on latitude). The 

natural ratios of 𝐶 
14 , 𝐶 

13  and 𝐶 
12  (the latter being stabile carbon isotopes) are 1:10

10
:10

12
. 

As the production of 𝐶 
14  takes place in the stratosphere whereas its decay (described next) takes 

place at a uniform speed in all reservoirs, it is necessary to consider its relative amounts and 
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exchange rates in the different reservoirs from which it can be absorbed. Table 1 shows the 

amount of 𝐶 
14  deposited in various strata and biological systems: 

 

 Deep and 

intermediate 

ocean 

Soil 

organic 

matter 

Vegetation Atmosphere 

 

Ocean 

floor 

sediment 

Surface 

ocean 

Marine 

biota 

Mass of C-14/GT 37000 1600 600 600 150 100 25 

Exchange time 

for 95% of C-14 

<100-1500 

years 

 20-30 years -  40 years  

 

 

 

 

The very large mass of 𝐶 
14  present in the oceans provide a buffering effect for sudden changes 

in 𝐶 
14  concentration in the atmosphere as the shallower depths, the equilibration time with the 

atmosphere is quite short (see Table 1). On the other hand, the deeper regions may have a very 

long exchange time and as a consequence, some inorganic carbonates which are stored in marine 

shells will display low 𝐶 
14  concentrations (compensated for in the calibration process (Taylor, 

2014 p 263-298) (4.2)). 

 

The spontaneous decay process for 𝐶 
14   is 𝐶 

14  -> 𝑁 
14 +b+v. As discussed in (1.3) the decay is a 

stochastic process where each  𝐶 
14  nuclei will undergo transformation with a fixed probability 

for a fixed time-interval, independent of the number of 𝐶 
14   nuclei in the sample and 

independent of chemical environment (under reasonable conditions). The crucial parameters to 

obtain the age of a specimen (the time elapsed since it stopped its uptake of carbon) are then the 

initial concentration C0  and the half-life of the isotope (Eq 1). A plot depicting ratio vs time is 

shown in Fig 3: 

Table 1: The total mass of 𝐶 
 14   in different reservoirs in GT (109 ton). Exchange times 

between some reservoirs and the atmosphere are estimated. The table is based on  

(Taylor  2014 Fig 1.2) 
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The half-life H for 14C was originally estimated to 5568 years  (“the Libby half-life”) but in 

1962 got corrected to 5730 +-40 years (“the Cambridge half-life”). Initially, artefacts were dated 

directly from expression (Eq 2) and the deviation in H would lead to a 3 % error in the obtained 

age. However, with the introduction of calibration curves, the absolute definition of this age 

(reported as the radiocarbon age and given as years-before-present (ybp), “present” being set to 

AD 1950) becomes arbitrary as all deviations are mopped up and corrected for by the calibration 

process (2.2). The quantity “radiocarbon age ybp” and “Libbys halflife”=5568 years are kept as a 

way of describing the C-14 ratio, to keep consistent with older literature. 

The need for “Assertions that the only mechanism for change in the 𝐶 
14  ratio after deposition is 

the radioactive decay process” was mentioned previously. It is obvious that contamination with 

newer organic material during the deposition period or in connection with the retrieval or 

subsequent handling of the specimen would render the dating meaningless. Another issue is the 

risk of unaccounted-for fractionation: Enrichment or depletion of one isotope compared to the 

others. Different materials have different problems, which need to be considered by the 

laboratory responsible for their analysis. As an example, as tree-rings (from the same tree-trunk) 

stop absorbing carbon when the next ring starts to form, for example house beams from oak 

Fig 2. Hypothetical C-14 ratio as a function of 

time (“years before present”) for a decay which 

started 30000 years ago. The “Cambridge half-

life”=5730 years is used. Plot created in Matlab. 
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which can be hundreds of years old might date very differently depending of how the sample is 

retrieved. The remedy in this case is to compare the dates obtained with dates from short-lived 

organic materials, and if possible to estimate the relationship between the obtained sample and 

the centre of the rings structure, depending on the size of the sample. When analyzing charcoal, 

care must be taken to remove any rootlets by treatment by chemical agents if deemed necessary 

after microscopic inspection. In addition, extractions by acid/base (HCl and NaOH) should be 

employed to remove humic and fulvic acids (Taylor 2014, p 64-65). 

The most investigated material (with reference to contaminations affecting C-14 measurements) 

is bone. Bone consists of a an inorganic and an organic part, the former  consisting of  

hydroxyapatite (Ca10(PO4)6(OH)2), Calcium carbonate (containing 14C) and smaller amounts of 

other inorganic salts. The organic phase consists of collagen, polysaccharides, glycoproteins, 

lipids carbonates and citrates to mention the carbon containing substances. It has been shown 

that the inorganic phase is prone to exchange of carbonate with the surroundings and as a 

consequence the adapted standard is to extract the organic phase (and thus shed doubts on C-14 

dating from burnt bones where only the inorganic part remains). The now adopted standard 

protocols (applied by different laboratories) is to remove the inorganic part by washing in HCl 

and possibly any residual humic acids by washing in NaOH. After that, different steps (for 

example Ultracentrifugation) are combined to obtain an organic phase with the aim to maximize 

the ratio of collagen. This ratio is estimated based on the relative frequency of certain amino acid 

residues. A sample suitable for C-14 measurements should have a collagen content >1% in its 

organic part (Taylor, 2014 p 65-97).  

Measurements of 𝐶 
14  concentrations or ratios (in relation to 𝐶 

12 ) can be done either by detecting 

the number of decayed 𝐶 
14 /second through measurement of its -decay as measured by Geiger-

counter or liquid scintillation counting (Taylor, 2014 p98-129), or by direct counting of  nuclei  

𝐶 
14  and 𝐶 

12  by Accelerator Mass Spectrometry (AMS)  (described below). The methods based 

on -decay are insensitive, require more specimen as seen in Table 2 and will not be discussed 

further. Note that in older literature (pre 1980) C-14 results are based on  -decay counting (see 

comments about Eketorp II, (1.4)). 

Geiger-counter Gas-counter AMS 

10-20 g 5 g 0.1 g 

 

 

Mass spectrometry for isotope separation is based on the idea that gaseous, ionized (electrically 

charged) samples (in high vacuum) will be accelerated in a magnetic field and therefore taking 

on a circular trajectory. The trajectory radius of the trajectory will be determined by the mass of 

the individual ion and thus, two ions representing isotopes of the same element will be spatially 

Table 2. Comparison of required mass of charcoal for C-14 measurement using 3 measuring devices 

(based on (Renfrew & Bahn 2016 p 148)).  
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separated and can be detected separately (Newton mechanics and electromagnetism at play, c.f. 

Newtons laws of movement (1.1)). The radius of a particle with mass m, charge q accelerated by 

voltage V and experiencing the magnetic field B will have the radius 𝑟 = √2𝑉(𝑚/𝑒)/𝐵 (Eq. 3) 

(Pollard, 2007 p 164-165). 

As the radius is known from the masses of the isotope pair to be separated, detectors can be 

positioned accordingly (to eliminate the influence of any instabilities in the magnetic field B) can 

be varied to make  specimen from one or the other isotope hit the detector. For other forms of 

isotope separations (c.f. 𝐶/ 𝐶 
12

 
13  and 𝑆𝑟/ 𝑆𝑟 ) 

87
 

86 , both relevant for archaeology, the specimen 

(in gaseous form  or evaporated from solid form) can be injected directly in to a mass 

spectrometer and successfully separated; However because of the low abundance of 𝐶 
14  

compared to 𝐶 
12   (1:10

12
), conventional ISMS (Isotope Separation Mass Spectrometry) fails to 

separate 𝐶 
14  from contaminations in the sample. In the late 1970s, particle accelerators started to 

be deployed as acceleration devices to feed ionized carbon of higher energies into the ISMS 

system. The merit of the acceleration step is that it by design can be tuned to nuclei of the right 

charge so that the desired particles get accelerated and eventually exit the accelerator (and enter 

the MS-system) whereas wrongly charged nuclei get trapped. Two types of AMS accelerators 

occur, cyclotrons and electrostatic systems.  

The injection step usually consists of combustion of the organic (insoluble) part (obtained as 

described above) into CO2 gas and subsequent formation of graphite (carbon) by Fe catalyzation. 

The graphite is atomized through bombardment with cesium ions and negatively charged carbon 

will be accelerated into the accelerator for separation. Fig 4 shows the AMS system at Lawrence 

Livermore National Laboratory. 

To conclude, the individual investigator usually submits samples for C-14 dating to a laboratory 

of her/his choice and the measurement is then performed by standardized protocols. As a result a 

radio-carbon date in “years bp” and its standard deviation  are obtained. This error estimate is 

crucial (both with regard to precision and accuracy) in calibrations and Bayesian modelling 

which will be described below. A few years ago there were reports that some labs inadvertently 

reported too low  values, but the situation has since improved on many hands (Renfrew & Bahn 

2016 p 153). Older dates obtained with pre-AMS techniques might have  :s in the range 80-100. 

For AMS, typical :s is about 25-30 years. Any technical improvements that would lower this as 

a typical  value would mean great benefits to the precision of C-14 dating. 
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4.2 The calibration process 

Originally, it was assumed that Eq. 2.  t=(ln𝑁0-lnN(𝑡))∙H/ln2 (see 2.2) would give a usable, 

simple expression for the age of a C-14 dated sample. In the 1960s, enough studies of  dated tree-

ring series, comparing C-14 dates of individual rings with the age obtained from 

dendrochronology  had accumulated to prove the existence of a real problem with C-14 datings 

from before 1000 BC (Schweingruber, 1988 p 248-253). These observations are explained by 

variations in the C-14 concentration over time (contradicting one of the pre-requisites formulated 

above). The reasons for these variations in pre-historic times are hard to prove, but can be 

speculated to correlate with factors affecting the influx of cosmic rays (changes in the Earths 

magnetic field, intensity of solar winds) or changes in water circulation in the oceans affecting 

the buffering capacity of the sea water with respect to the C-14 concentration in the atmosphere 

(see 4.1). Systematic studies of tree-ring series from long-lived trees with suitable ring-systems  

(e.g. German and Irish oaks, Bristlecone pine and Douglas fir from North America), going about 

13000 years back in time have led to terrestrial calibration curves where radiocarbon dates 

obtained from Eq 2 can be converted to calibrated years (calendar years) or rather converted to 

probability distributions for calendar age, see below  (Walker, 2005 p32-34).  

To extend the calibration curve further back in time and to the southern hemisphere, similar 

comparisons have been made using plant microfossils and speleothemes (mineral depositions in 

Fig 3. AMS system at Lawrence Livermore National Laboratory (CA) 

with the tandem electro static accelerator (cylindric part) and the MS 

system (curved) . Photo is Public Domain. 
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caves, suitable for dating through the U series decay, as well as lake sediments (varves)).  Marine 

calibration curves need to be constructed separately and include data based on C-14 and U-Th 

,measurements from corals. Calibration curves are constructed as a joint effort by the C-14 

dating community and named INTCALxx with xx being the version number. The most recent 

version is INTCAL13 (MARINE13 for marine calibration) and goes 50000 years back in time 

(Reimer et al, 2013). 

Fig 5 shows INTCAL13 in the time range 0-50000 years before present (a) and the period AD 

250-550, roughly the period of interest in this study (b). Note that while the deviations from 

linearity in (a) is just about visible, the coefficient of a straight line deviates from 1 (0.97) as a 

consequence of the 3% deliberate error in the 𝐶 
14  half life (“Libby” vs “Cambridge”). In (b) the 

deviations become clear due to the change in scale. In the period AD 470-530 the curve is very 

flat (as a consequence of a decrease in atmospheric 𝐶 
14  concentration, close to the decay rate in 

deposited material). A single C-14  measurement of radiocarbon age given as radiocarbon age y1 

and uncertainty 1  will be represented as the normal distribution 𝑁(𝑦1 ,1 ) so that the 

calibration curve will transform 𝑁(𝑦1 ,1 ) along the Y-axis to a non-symmetric probability 

distribution P(t1)  along the X-axis (after normalization to unity) according to the formula  

𝑃(𝑡1) = ∫ 𝑑𝑡
𝑒−(𝑡−𝑦1)2

1
2

𝑒−(𝑡 −𝑐(𝑡1)2

2
2   (Eq. 4) with c(t1 ) being the calibration curve value  (along the 

x-axis) at time=t1  and c(t)   being the standard deviation of c(t) supplied for each t with the 

INTCAL curve (not shown in graph). For a derivation of an identical expression, see (Bronk 

Ramsey, 2015). 

 

4.3 Bayesian basics 

As demonstrated above, a single measurement (even with AMS accuracy) can lose significant 

temporal resolution upon calibration. As a remedy it is desirable to have a tool which can 

incorporate temporal information from different sources with a sound statistical treatment of 

estimated variances. One such method is Bayesian statistics. Its concepts were lain out by Rev 

Thomas Bayes (1701-1761) (Bayes & Price, 1763). Bayesian statistics is frequently used to 

create chronologies based on C-14 dates, with standards reviewed by (Bayliss, 2015). 

It takes its starting point in Bayes theorem: P(TD)=(P(DT)P(T))/P(D)  (Eq 5) with (in our 

case) T is taken to mean a model for something (c.f. a set of dates constituting a 

chronology), D is a set of measurements somehow carrying information about T (C-14 

measurements of objects of ages corresponding to T) with P(X) meaning “the probability 

of X being the case” and  meaning “conditioned on” so that P(TD) is interpreted “the 

probability of the model T if the data set D have been obtained”. It is clear that what is 

usually (not only in archaeology) obtained is a set of observations D with a probability to 

observe D given any particular model T   but what is needed is the model T most 

probable to be true given the data D at hand. This could be obtained by searching over all 
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models T, calculating D for each model and choosing the one which maximizes P(DT). 

However, this might yield a T which is pathologic or at least having a low probability 

P(T). Bayes theorem thus present a compromise between “model fitting data” and 

incorporation of prior knowledge about the model.  

In (Eq 5) P(TD) is known as the posterior, P(DT) the likelihood and P(T)) the prior. P(D) is 

necessary for an intuitive understanding of (Eq 5) but it is independent of variations of T and 

thus arbitrarily set to 1 (it is a prerequisite that P(D)≠0). 

In our case, for a set of dates T={𝑡𝑖} to be determined as probability distributions and 

corresponding C-14 measurements D={𝑑𝑖} with probability distributions obtained as 

{𝑃(𝑡𝑖)} (see 2.2). The likelihood is then the product of {𝑃(𝑡𝑖)} for any {𝑡𝑖}The prior P(T)  

will need to apply some constraints or restraints on possible values for T={𝑡𝑖}. Such 

constraints might be that for a subsequence of T, 𝑡𝑖 >  𝑡𝑗 for i > j that is a sequence of 

objects of increasing age. Other possibilities are that a subsequence of T is constrained or 

restrained (seriation) by typology. In the present work, bones from several human bodies, 

believed to have died at the same time, is recovered in the archaeological record, and the 

fact that independent measurements corresponds to the same date can be incorporated in 

the prior. The result will thus be an improved version of T (including new stochastic 

variables defined in the model, such as the probability distributions for the length of 

periods etc). 

 The computational realization of (Eq. 5) in our interpretation will mean optimizing an 

integral in high dimensionality, using tools such as Markov chains and Monte Carlo 

simulation (Lee, 2012 p 281-334) which is beyond the scope for this thesis. Several 

implementations of this scheme exist as reviewed by (Bayliss, 2015). In this study OxCal  

v4.3 (Bronk Ramsey, 2009) is used.  

5. Analysis and results 

As part of the ongoing investigations by Kalmar Läns museum and Linnaeus University, 21 

specimens of biological origin (5 of which come from human beings fallen victim during the 

destruction event) have been processed for C-14 measurements. Collagen from bones were 

prepared by Gunilla Eriksson, Arkeologiska Forskningslaboratoriet, Stockholm according to the 

procedure described in (Howcroft et al, 2012). Samples for C-14 determination  were sent to the 

Ångström laboratory (Uppsala, Sweden; Ua in Table 3) and Scottish Universities Environmental 

Research Centre (Glasgow, Scotland, UK; SUERC in Table 3), for C-14  see Table 3. 

This thesis presents a Bayesian analysis of these measurements to propose a chronology for the 

phases and events connected with construction, usage and destruction of Sandby borg. Based on 

the excavation reports, each specimen was connected with a specific phase: SB1: before the 

construction; SB2: usage;  D: destruction event; SB3: Period after the destruction and this 

classification was used in the modelling.  
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In Table 3, a description of the specimen is given, including the radiocarbon age and its -value 

(uncertainty). For human remains, sex, age and kind of injuries (perimortem= 

PT/antemortem=AT) when applicable are also described (Alfsdotter & Kjellström, 2017) . 

δ 𝐶 
13 ‰ V-PDB is the standard way of describing 𝐶 

13  ratio: δ 𝐶 
13 ‰=(

( 𝐶/ 𝐶 
12

 
13 )

𝑠𝑎𝑚𝑝𝑙𝑒

( 𝐶/ 𝐶 12
 

13 )𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
−

1) 𝑥1000 where standard is the ratio in standard specimen supplied by the US National Bureau 

of Standards and equivalent to the original standard Peedee belemnite (Brown & Brown, 2011 p 

81). The measured δ 𝐶 
13 ‰ value will be important when dealing with individuals who had mixed 

terrestrial and maritime diet (see below). 

 

 Phase Labno Sample δ13C‰ 

V-PDB 

C-14 

age 

ybp 

 Findno Context 

1 SB3 Ua-60561 SB cer1 -17.9 1394 32 8679 Cera, H4 on peat 

roof 

2 SB2 Ua-60652 SB cer2 -22.5 1605 30 8645 Cera H4  

3 SB2 Ua-60653 SB cer 3 -22.6 1554 31 10545 Cera H52 

4 SB2 Ua-60654 SB cer4 -23.4 1590 31 10697 Cera H2 

5 SB2 Ua-60655 SB cer5 -23.9 1607 31 10200 Cera H52 

6 D Ua-60656 SB08 -18.7 1652 33 6097 Ind 7 H40 crouched 

12-15y m 

7 D Ua-60657 SB015 -19.8 1530 33 6097 Ind 6 H40 stretched 

12-15y m 

8 D Ua-60658 SBO 25-

26 

-18.8 1661 32 6323 Ind 18 alley H4 20-

25 fm  

9 D Ua-60659 SBO43 -19.0 1607 32 9124 Ind 13 H4 10-13 m 

PT 

10 D Ua-60660 SBO48 -19.9 1614 33 8834 Ind 15 H4 50+ man 

11 D Ua-60661 SBO60 -21.7 1582 33 3445 Horse outside H53 

12 D Ua-61361 SBO85c -16.0 1652 28 3245 Seal outside H52 

13 D Ua-60663 SBO88 -21.5 1512 32 6294 Pig H40 

14 SB1 Ua-60664 SB091 -14.6 1945 32 4130 Herring H40 

15   D Ua-60665 SBO102 -21.8 1587 33 8906 Beef cattle Alley H4 

16 SB1 SUERC-

84947 

 -26.5 1797 24 A104744 Charred root 

17 SB2 SUERC-

84945 

 -26.4 1548 24 K8821 Charred 

plantfragment alley 

18 SB2 SUERC-

84952 

 -21.6 1517 22 13 Charred cereal  

19 SB2 SUERC-

84944 

 -28.1 1511 24 F8380 Charred fragment 

from onion 

20 D SUERC-

84946 

 -24.9 1497 24 T2 Charred root 

fragment from peat 
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roof 

21 D SUERC-

84948 

 -23.9 1490 24 11 Charred plant 

fragment from peat 

roof 

 

 

 

OxCal will require a likelihood P(DT) containing the C-14 data from Table 3 and a prior P(T) 

describing the temporal relation between individual dates. According to the model, I define a 

sequence (a series of objects which occur one after the other) the objects being SB1, SB2, D and 

SB3 such that SB1 occurs before SB2 which occurs before D which in turn prequels SB3 (see 

above). SB1, SB2 and SB3 are phases that each contains dates from Table 3, but without any 

internal temporal order imposed on the dates within each phase. D contains a set of dates, but 

they all relate to the same event (time). The individual date measurements are Gaussian 

(normally distributed) probability density functions defined by their C-14 age (the mean of the 

Gaussian) and their  which get transformed by the calibration curve to non-normal probability 

distribution functions (see 4.2, Fig 5c). The outcome will be new (and if likelihood and prior are 

consistent sharpened) set of probability functions for the dates and the new entities introduced in 

the prior. 

A complicating factor is the percentage of maritime diet for each individual (animal or human). 

Find 14 in Table 3, a herring, has a C-14 age of 1945 years which would give a calibrated age of 

BC 21-AD 128 at the 95.4% confidence level if Intcal13 is used. The object is stratigraphically 

assigned to SB1, “before the construction” but a date in early Roman iron age would place it 

clearly out of the expected time frame. However, a herring gets all its C-14 uptake from maritime 

sources and needs to be calibrated using a maritime calibration curve (Marine13). The calibrated 

age would then be AD 363-555 with the same level of certainty, supporting a date within the 

Migration period.  

For individuals with a mixed terrestrial and maritime consumption, neither curve will yield a 

good result. Instead, the procedure is to estimate the relative proportions of each and combine the 

curves accordingly. I follow the protocol described in (Jarman et al, 2018) where the percentage 

Table 3: C-14 measurements to be included in Bayesian analysis. Phases are SB1=Prior to usage phase 

SB2=usage phase D= Destruction event SB3=Phase after destruction event. δ13C‰ V-PDB: ratio of 

13C as defined in the text. Sample 12 (a seal) dates into the 8
th

 century by OxCal and is omitted 

from the calculations. H=Human Ind=Individual m=male fm=female 
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of maritime diet fm is calculated as 𝑓𝑚 =  
δ13 𝐶𝑛−δ13 𝐶𝑡𝑒𝑟𝑟

δ13 𝐶𝑚𝑎𝑟−δ13 𝐶𝑡𝑒𝑟𝑟
 (Eq 6) where δ13 𝐶𝑛 refers to the 

sample, δ13 𝐶𝑡𝑒𝑟𝑟 to an entirely terrestrial diet, and δ13 𝐶𝑚𝑎𝑟an entirely maritime diet. The values 

for entirely terrestrial and entirely maritime diets used by Jarmann et al are  δ13 𝐶𝑡𝑒𝑟𝑟 = −21 ‰ 

and δ13 𝐶𝑚𝑎𝑟 = −12.5 ‰. The reservoir value for the individuals with mixed diet set to -50 with 

an uncertainty of 50. To clarify the roles of the carbon isotopes, the unstable 𝐶 
14  isotope yields 

information about age of a specimen, the stable 𝐶 
13  isotope is indicative of the sources of 

carbon intake for non-photosynthesizing organisms  and the stable 𝐶 
14  isotope is used for 

obtaining ratios for the other isotopes. 

OxCal v 4.3 (Bronk Ramsey, 2009) was installed on an Ubuntu 16.04 LTS system and the model 

described above was implemented in a command file and executed. The calibration curves used 

were Intcal13 and Marine13 (Reimer et al, 2013). Full documentation and description of the 

command language for Oxcal can be found at https: //c14.arch.ox.ac.uk/oxcal.html. 

The results are summarized in Fig 6, where the probability distribution functions (pdf) for the 

individual calibrated C-14 datings are shown, and in Table 4 where the intervals for the pdf are 

shown at 95.4% significance. The A value (a measure of how well each object fit the model, not 

to be confused with a confidence interval for a pdf) is shown. A<60% hints at poor fitting. 

 

Sample Start m  Stop m A m Start nm Stop nm Phase 

16  176 341 77.3 134 322 SB1 

14  343 473 89.3 363 555 SB1 

2 410 538 102 396 539 SB2 

3 428 543 107.4 421 573 SB2 

4 416 540 104.9 404 542 SB2 

5 408 538 101.8 392 539 SB2 

6 532 558 89.5 395 590 D 

7 532 558 84.0 430 654 D 

8 532 558 81.7 390 585 D 

9 532 558 138.3 420 622 D 

10 532 558 87.3 395 585 D 

11 532 558 52.0 404 549 D 

13 532 558 121.7 428 623 D 

15 532 558 45.2 401 546 D 

17 532 558 119.3 426 566 D 

18 532 558 116.6 431 605 D 

19 532 558 98.8 432 612 D 

20 541 616 108.2 474 637 SB3 

21 543 622 105.5 540 635 SB3 

1 580 667 81.4 597 675 SB3 

 

 

 

Table 4. Range of probability density functions at 95.4% for the examined objects (c.f. 

Table 4 and Fig. 4). Start m/Stop m denotes start and stop dates for the Bayesian 

modelled pdf:s and start nm/Stop nm is the same for calibrated but unmodelled dates. 

Units are in calendar years AD. A is a statistical descriptor describing the level of 

consistency between the posterior model and the C-14 data (prior). 
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Fig 7 shows the pdf for the destruction event D at 95.4% significance, giving an interval between 

AD 532 and AD 558. 

For comparison, Fig 8a shows the pdf for the destruction event D without including the dates 

from the other phases in the modelling. 

The destruction event D:s  pdf has a trimodal shape with a major interval (531-560 AD) of 

71.1% probability and two minor intervals (434-454 AD) with 7.3 % probability and (468-489 

AD) with  a probability of 17.0%. Note that the pdf is essentially zero in the interval 490-530 AD 

(Fig 8b). On inspection of the individual pdf:s (Fig 8a) it can be seen that some calibrated 

measurements with the weight of their pdf:s towards the middle  of the 6
th

 century AD also has 

minor pdf density consistent with the minor peaks in the 5
th

 century. The rationality for this is 

demonstrated by inspection of the pdf for observation 13 (Fig 9a). The upper flank of the 

Gaussian for the uncalibrated measurement on the Y-axis comes close to the valleys flanking the 

plateau on the calibration curve between 430-490 and will thus create a trimodal pdf. Other 

measurements are higher on the y-axis (lower C-14) resulting in a more uniform pdf ranging 

from 450-560 (obj 11; Fig 8a). The fact that only one measurement (15, Fig 9b, A=56.8%), has a 

C-14 low enough  (high on the Y-axis) to hit the valley with its lower flank indicates that the 

expectation value for the radiocarbon age corresponds to a time in the major interval (532-557 

AD) even if a regular T-test is difficult to perform due to the mixture of calibration curves.  

When all data is included in the modelling, the objects in SB2 claim the interval 400-530 AD and 

the pdf for D will become unimodal as shown in Fig 7. 

To summarize, the destruction and phases of Sandby borg can be inferred as: 

D (destruction):  532-557 AD (interval for a single event based on 10 datings ) 

SB2 (usage phase):  420 AD - time for D  (4 datings) 

SB1 (before construction):   200-420 AD (2 datings ) 

SB3 (after destruction):  D-700 AD (3 datings) 

SB1 and SB3 represent phases with little apparent activity on the site. From Fig 8, modelling the 

destruction phase alone, D is with 71.7% probability confined to the interval 531-560 AD, with 

17.0% probability in the interval 469-489 AD and with 7.3% probability in the interval 435-453 

AD (this later interval is in conflict with typology for the relief broches and can probably be 

discarded, see Discussion). With all data included, the intervals shown above are obtained. Two 

dates within S2 now fall under A=60% but the A-value for the entire D phase is >60% (67.2%).  
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The conclusion thus has to be that whereas no support is found for a destruction date in the 

interval 480-510 or similar, D has a probability >70% of being in the interval 532-557 AD. 

The interpretation is to some degree affected by a limited amount of C-14 measurements together 

with the plateau in the calibration curve during this time. It should be clear however, that 

Bayesian modelling has the potential to model processes with a temporal resolution of a couple 

of decades even during periods of decaying atmospheric C-14 levels and that the inclusion of 

more data with reliable C-14 measurements should further establish the certainty of any 

interpretation for the use and destruction of Sandby borg. 

 

6. Discussion 

Before starting to search for explanatory factors for a prolongation of Sandby borgs usage phase 

and a destruction date occurring after 530 AD, it is useful to compare our analysis to a couple of 

other studies where human remains, supposedly victims of acts of violence or other disastrous 

events were deposited within a short period of time (< 1 year). In a study of the battle at Alken 

Enge (around year 0 BC/AD) remains from 30 individuals were retrieved and subjected to C-14 

determination. After compensation for dietary variation and modelling in Oxcal (using a slightly 

different approach) a combined range between 2 BC-54 AD was obtained (Holst et al, 2018). A 

study of the Repton charnel burial mound, dating remains of 22 individuals, deploys 

compensation for mixed terrestrial/maritime diet and Oxcals Combine function (Jarman et al 

2018) in a similar way to this work. The human remains in the Repton study are strongly 

suggested to come from a group of Vikings seeking winter quarters in Repton AD 873-874. 

Bayesian modelling returned a pdf with 95.4% weight in the interval 778-885 AD which together 

with numismatic evidence gave a narrow interval in consistence with previous assumptions. 

The chronology presented in this work dates the destruction of Sandby borg 40-70 years later 

than what has usually been assumed. Previous studies to a large extent rely on typological 

analysis of the relief broches found on the site ((Victor 2018), see (3.3)). These typologically 

belong to the Salin style I and dated to AD 450-510 (Alfsdotter et al, 2018; Salin, 1904). 

However, this dating is terminus post quem and the possibility that they have been kept for 

several decades must be considered. 

When seeking possible causes for large scale social unrest and violent conflicts on Öland in the 

period 532-557 AD, attention is drawn to the rapid change in climate/temperature described 

previously, evidenced by written sources, dendrochronological analysis as well as ice-core 

analysis and connected with Plinian volcanic eruptions starting in the year AD 536  (see 4.2). A 

2° drop in annual average temperature and prolongated blockage of the suns radiation due to a 

persistent dust (sulphur) veil covering the skies certainly will have implied dire consequences for 

a society entirely dependent on agriculture for its subsistence. There is also the aspect of 

psychological trauma to consider with collective notions of Godly punishment and imminent 

doom which has been a theme throughout history. On this note, I would like to address the fact 

that the perpetrators of the Sandby borg massacre apparently left the site without appropriating 
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the prestige objects or cattle possessed by the inhabitants and that some mechanism prevented 

survivors or kinsmen of the victims from returning to bury the dead. This has been interpreted as 

a deliberate act to manifest superiority for a group seeking to establish themselves as a dominant 

agent in the local society (Alfsdotter, 2019). An alternative explanation, for a massacre 

postdating 536 AD, would be that desperation and anxiety spread in the local society because of 

the climatological downturn and the colored veils covering the sun. In an attempt to establish 

guilt (in a superstitious sense) the inhabitants of Sandby borg became the accused party and 

subsequently fell victims to a violent attack, either as an act of revenge or an attempt to calm the 

wrath of the Gods. In such a psychological state, the attackers and perhaps even the society as a 

whole, might have regarded the Sandby borg site including its riches and the bodies of the 

victims as cursed and dangerous and therefore left them to their own.  

At the same time, there is evidence of a dramatic decline in agrarian cultivation and population 

through much of Scandinavia and Northern Europe starting sometime around the year 500 AD 

(with a few decades uncertainty) as reviewed by (Gräslund & Price, 2012). On Öland this change 

manifested itself as large scale destruction by fire and a decrease in population (Stenberger, 1933 

p 201-212) (see 3.1).  

Without convincing absolute dating, it remains unclear when the process of decline started and 

therefore whether the climatological changes around 536 AD were a significant trigger or merely 

contributed to processes which were initiated a number of decades earlier. Whereas the negative 

impact on living conditions after 536 AD can be taken for a fact and there is strong reason to at 

least consider events that year to predate and indirectly play a role for the destruction of Sandby 

borg, a fuller understanding of the dynamics of the last century of the Migration period will 

require more precise temporal resolution of other processes and events. One way to obtain such 

information would be to go back in the archaeological record and repeat old C-14 measurements 

(carried out by measurement of radioactive decay) in cases where strong stratigraphic 

information exists, for example for dateable finds from Eketorp II (see 3.1). 

 

7. Conclusion 

To conclude, the task set in (2.1) is at least partially successfully addressed: By performing 

statistical modelling of individual C-14 measurements, the destruction of Sandby borg is 

suggested to have taken place in the interval 532-557 AD which open up for an alternative 

interpretation as it becomes a possible consequence of the adverse climatological effects which 

started in 536 AD. Whereas this explanation doesn’t call for the introduction of multidimensional 

time (2.1) it challenges the concept of continuous processes as explanation models for societal 

change. It may not have mattered a great deal to the people who faced the risk of starvation and 

death because of extreme meteorological  conditions if these conditions were caused by  Plinian 

volcano eruptions or something else, but from an archaeological perspective it is of great 

importance if these conditions were abruptly initiated in 536 AD (as previous research has shown 

to be the case) or being the manifestation of a gradual cooling process. In the first case, a 

discontinuity is introduced in the modelling of forward time so that a displacement of the time 
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for D by a single year could alter the order of cause and consequence to render the Annus 

horribilis explanation meaningless for a short latency relation. Explanation models based on 

processes like waning influx of solidi or elongated periods of violent conflicts leading to the 

destruction of societal organization are continuous by nature and more readily aligned with the 

concept of time as a continuous unidirectional flow but as the impact of an event of the kind 

described here is so dramatic, it stands out as a strong explanatory factor if the temporal relation 

is accepted.   
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Fig 1 The houses, wall and gate openings of the Sandbyborg 

ringfort based on georadar. Three tentative gate openings are 

shown to the SSW, NW and NE. The excavated houses 4, 40 

and 53 are depicted in grey. 
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Fig 4 a) INTCAL13 calibration curve from 50000 to today (year before present) b) Calibration 

in the interval 1200-1800 years bp (AD 150-750) 
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Fig 5. Calibration of find SB015, M, 12-15 years of age radiocarbon age 1530 ybp=AD 

420 = 33 years (green curve. Red curve: probability distribution after calibration (no 

correction for mixed diet). Plots and calibrations were done in Matlab.  
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Fig. 6. The probability distributions for the C-14 dates of all 

objects. The shaded areas correspond to the probability for the 

calibrated elements individually, the opaque areas correspond to 

probability distributions after Bayesian modelling 
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Fig 7. The pdf for the destruction event with (dark grey) and without (light grey) including finds from the 

other phases 
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Fig 8: Pdf:s for modelling the destruction event D alone, 

showing pdf:s for the individual dates (8a) and the pdf for the 

event D (8b) 
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Fig 9. Individual calibrated pdf:s for two dates. Date 13 (9a) shows the rational for a trimodal pdf (see text) 

while Date 15 (9b) is the only date displaying a poor fit for this pdf. 


