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Context

We have sampled 11 skeletons recovered from the ditch of Oxford Castle. Radiocarbon dating places two skeletons (4238 and 4249) in the late Anglo-Saxon period (c cal AD 1000), and the rest approximately cal AD 1150 to 1250. We have carried out stable carbon and nitrogen isotope analysis on the bone collagen from these skeletons in order to obtain some broad understanding of diet, and to compare this group with other local skeletal populations.

Background to stable isotope analysis in archaeology

The well-known saying ‘you are what you eat’ has been taken almost literally in archaeology for the last 40 years, and the measurement of δ13C and δ15N in human bone collagen is now well-established as a means of estimating the overall sources of protein into the diet, on the basis of a long-term average (see Pollard and Heron (2008) chapter 10, for an introduction). The isotopic method is based on the observation that carbon and nitrogen isotope ratios (13C/l2C and 15N/l4N, expressed in δ notation – see below) in bone collagen can reflect the corresponding isotopic ratios in the diet. On a broad scale, such as marine-based versus terrestrial-based, or carnivore versus herbivore/vegetarian, different diets might be expected to have different isotopic signals, since they reflect very different ecosystems or trophic levels within an ecosystem. In principle therefore these isotope ratios in bone can be used to distinguish between, for example, a heavy reliance on terrestrial and marine food resources in the diet of individual prehistoric humans. The nitrogen isotope ratios in bone can also reflect differential access to marine resources, since nitrogen is more heavily fractionated in ocean ecosystems with many more trophic levels than in terrestrial systems. These models of isotopic ecology have been validated using modern terrestrial and marine ecosystems, and have also been shown to have great value as ecological markers as well as having significant archaeological potential.

In order to magnify these small effects, isotope geochemists have adopted the ( (delta) notation, which for carbon is defined as follows:
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In this notation, the ratio of 13C to 12C in the sample is compared to the same ratio in an internationally agreed standard material (for carbon, this is usually a standard carbonate called V-PDB). If the ratio in the sample is identical to that in the standard, then the ( value is zero. The units are known as ‘per mil’ (or ‘parts per thousand’), symbolized as ‰. The advantage of the ( notation is that small changes due to fractionation are magnified and are therefore more easily appreciated, and the direction of change is made clear by comparing the values before and after fractionation, irrespective of the particular isotope system being studied.

Method

A list of samples taken is given in Table 1. Samples of around 5g were removed from the ribs and femurs (where possible) from 11 of the skeletons. Removal was either by taking whole fragments if suitable pieces were available, by sawing off a fragment with a small circular power saw, or by drilling with a low-speed/high-torque drill (to reduce heating effects). Whole bone samples were subsequently superficially cleaned using an air-abrasive system with 5µm aluminium oxide powder, followed by crushing 0.5–1g of the bone. Drilled samples required no pre-cleaning, since the first (surface) drillings were discarded. Samples were demineralised using 10ml aliquots of 0.5 M HCl solution at 4°C. The acid was changed at 48 hour intervals until no further reaction was seen. Samples were then rinsed three times with milli-μ ultra pure water then placed in 10ml of pH3 water at 75°C for 48 hours. Samples were filtered using Eezee™ filters. The supernatant liquid was decanted in nalgene™ tubes with a temporary parafilm™ cover. These tubes were then frozen in a liquid nitrogen bath prior to freeze drying in a Zirbus VaCo5 freeze drier fitted with an oil free vacuum system for 72 hours or until no further weight loss was observed.

The resulting purified collagen samples were then weighed out for analysis using c 2.5mg aliquots weighed into pre-cleaned tin capsules. Samples were combusted on a Carlo Erba 1108 elemental analyser system using a helium carrier gas with a flow of approximately 80ml per minute. A 2% split of the gases evolved was analysed for nitrogen and carbon stable isotopic composition using a Sercon Geo-20/20 gas source mass spectrometer operating in continuous flow mode. Isotopic values as well as elemental abundances and carbon to nitrogen ratios were calibrated against an in house alanine standard which itself is routinely measured against international standards whose values are traceable back to the VPDB international standard. Further aliquots of the alanine standard were used to monitor and correct for instrumental drift. Where sufficient collagen was recovered samples were run in triplicate. Stable isotopic results are reported in delta notation relative to VPDB for carbon and AIR for nitrogen. Replicate analysis of the alanine in house standard gave the following results (average of 14 measurements):


δ13C = --26.84 ± 0.11‰; expected value -26.9 ‰


δ15N = -1.49 ± 0.21‰; expected value -1.4 ‰

This suggests that the values obtained during the analyses reported here are typically accurate to ± 0.11 ‰ for δ13C and ± 0.21 ‰ for δ15N.




Table 1. Samples taken for bone collagen analysis

	Oxford Archaeology

Sample No.
	Skeletal element
	Sampling method
	Identification
	Context
	Radiocarbon Date

(BP)

	4200
	Rib
	Fragment
	Juvenile 
	Medieval
	939 ± 20

	4225
	Rib
	Fragment
	Juvenile
	Medieval
	

	4238
	Fibula
	Sawn
	Adult
	Anglo-Saxon
	1046 ± 30

	4240A
	Rib
	Cut Fragment
	Adult
	Medieval
	952 ± 15

	4240B
	Femur
	Drilled
	
	
	

	4242
	Rib
	Fragment
	Neonate
	Medieval
	

	4249
	Tibia
	Sawn
	Adult
	Anglo-Saxon
	1006 ± 30

	5779A
	Rib
	Fragment
	Adult
	Medieval
	929 ± 15

	5779B
	Humerus
	Sawn
	
	
	

	5787A
	Rib
	Fragment
	Juvenile
	Medieval
	

	5787B
	Humerus
	Cut Fragment
	
	
	

	5793A
	Rib
	Fragment
	Adult
	Medieval
	

	5793B
	Femur
	Drilled
	
	
	

	5794
	Rib
	Fragment
	Neonate
	Medieval
	

	5804A
	Rib
	Cut Fragment
	Adult
	Medieval
	967 ± 35

	5804B
	Humerus
	Cut Fragment
	
	
	


Results

The results are presented in Table 2. The columns headed %C, %N and C/N ratio are quality assurance measures, relating to the percentage carbon and nitrogen in the extracted collagen, and the molar ratio of carbon to nitrogen in the collagen.

Discussion

Table 2 shows that over half of the samples fail the test for collagen quality, and are therefore omitted from further discussion. The reasons for exclusion are a combination of low overall carbon and nitrogen yield (the target values in fresh collagen are approximately 45% and 16% respectively) combined with a high C/N molar ratio (target value 3.2, accepted range ~ 2.9–3.4). Any individual measurement falling substantially away from these values is rejected as being degraded collagen. In this case nine samples are rejected and seven retained.

Table 2. Stable isotope data

	Sample
	%C
	%N
	C/N
	d13C PDB
	Std. dev. d13C
	d15N air
	Std. dev. d15N
	n
	Result

	4200
	40.4
	15.3
	3.1
	-19.48
	0.51
	14.49
	0.35
	3
	

	4225
	27.9
	10.4
	3.1
	-19.62
	0.10
	10.57
	0.06
	3
	

	4238
	13.8
	4.4
	3.6
	-20.03
	0.25
	10.62
	0.31
	3
	Fail

	4242
	24.9
	9.2
	3.2
	-18.8
	0.23
	13.36
	0.41
	3
	

	4249
	10.5
	3.4
	3.7
	-20.78
	0.03
	11.07
	0.59
	2
	Fail

	5794
	39.4
	15.1
	3.0
	-20.03
	0.35
	13.90
	0.67
	3
	

	4240A
	18.3
	6.2
	3.5
	-19.35
	0.03
	11.14
	0.32
	3
	Fail

	4240B
	No collagen obtained
	Fail

	5779A
	13.5
	4.3
	3.7
	-20.06
	0.14
	10.05
	0.82
	3
	Fail

	5779B
	16.0
	5.3
	3.5
	-19.73
	0.16
	10.54
	0.42
	3
	Fail

	5787A
	14.4
	4.6
	3.6
	-19.7
	0.19
	9.12
	0.57
	3
	Fail

	5787B
	12.7
	4.0
	3.7
	-20.18
	0.47
	8.02
	0.07
	3
	Fail

	5793A
	30.6
	11.2
	3.2
	-19.53
	0.15
	12.47
	0.24
	3
	

	5793B
	14.1
	4.5
	3.6
	-20.26
	0.22
	10.44
	1.33
	3
	Fail

	5804A
	32.2
	12.5
	3.0
	-19.86
	0.39
	11.99
	0.16
	3
	

	5804B
	18.1
	6.3
	3.4
	-19.65
	0.14
	11.14
	0.27
	3
	


Figure 1 shows a plot of all the isotope data deemed to be reliable (ie omitting those samples listed above), using the conventional presentation of δ15N vs. δ13C, which allows us to map these data onto modern trophic level diagrams (eg Pollard and Heron 2008, fig. 10.3).


Figure 1. Isotopic plot of all data from Oxford Castle
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It is immediately apparent that the data points are closely clustered, with average values of δ13C = -19.57 ‰, δ15N = 12.56 ‰. These are typical of a diet based on C3-photosynthetic system (which encompasses most terrestrial plants apart from tropical grasses), although the relatively high δ15N values might suggest a marine component of some sort. It is worth noting, however, that the three highest δ15N values (4200, 5794 and 4242) are either juveniles or neonates, who may be expected to have a higher δ15N values than their mothers.

Conventionally it is assumed that the bone in ribs is turned over faster than in longbone, so the value for the rib is taken to be a signature of later life, and the femur is assumed to represent an earlier stage of life (the exact differential depends on age at death, with the assumption that the difference will be less in younger individuals). In the Oxford Castle data, we only have one useable pair from the same individual: 5804A (rib) and 5804B (humerus). In this case, however, there is no measurable difference between these two skeletal elements.


Comparison with other approximately contemporary populations

The most immediate comparison is with the mass burial recently excavated from St John’s College, Oxford, thought to be a result of the killing of Danes in England on St Brice’s day (13 November) in AD 1002, ordered by King Ethelred the Unready. 

Figure 2. Comparison of data from St John’s College and Oxford Castle
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Figure 2 shows a comparison of these two sets of data (data from St John’s College – Pollard et al. forthcoming). The data from Oxford Castle appear to be very similar to that from the St John’s College mass burial – suggested to represent Danes living in England, and suggesting that the Oxford Castle burials may be the same.

In order to determine if the population found at Oxford Castle has a greater affinity with ‘Vikings’ than with the local population (assumed to be ‘Anglo-Saxon’) in terms of stable isotope values, we have compared these data with those from published representative groups of other populations of similar date. In addition to the data from St John’s College, data are available from:

Berinsfield, Oxfordshire: mid 5th to late 6th/early 7th century AD (Privat et al. 2002). 

Birka, Sweden: Burials dated to c AD 750 to 10th century AD (Linderholm et al. 2008). 

Burgh Castle, Caistor-by-Yarmouth and South Acre, Norfolk: 7th to 9th century AD (Hull 2007).
Butler’s Field, Lechlade, Gloucestershire: late 5th to early 8th century AD (O’Connell and Wilson forthcoming).

Newark Bay, Orkney: c AD 1000–1300. Viking settlement (Richards et al. 2006).

Repton, Derbyshire: Assumed to relate to AD 873–4. The site description and some δ13C data (not used) are published in Biddle and Kjølbye-Biddle (2001). The isotope data used here are from the ORADS database (unpublished).

Wharram Percy, Yorkshire: 10th to 16th century AD. The site description plus human data (figs only) are given in Richards et al. (2002). Raw human isotope data are given in Fuller (2003) and the faunal data is published in Müldner and Richards (2005).

Yarnton, Oxfordshire: Saxon; late 5th to early 6th century AD?, extracted from larger dataset of mostly early Iron Age to late Romano-British: Lightfoot et al. (2009).

York: Mid-Anglian cemetery Belle Vue House/Lamel Hill, late 7th/early 8th century AD. Data extracted from a larger data set (Müldner and Richards 2007).

The data available are summarized in Table 3. A plot of the δ15N values for each site (Fig. 3, plotted as box-and-whisker plots, marking the median, interquartile range and total range for each site) arranged in approximate date order shows some differentiation between sites, but does not completely separate the ‘Viking’ from the ‘Anglo-Saxon’ sites. (The equivalent δ13C plot shows no significant difference between all sites.) Comparison of the Oxford Castle and St John’s College data with the ‘Viking’ sites of Newark Bay, Orkney and Birka, Sweden does suggest that there are some affinities between these populations, with much higher δ15N values, presumably as a result of greater marine protein consumption. It is also noticeable, however, that the much earlier (5th/6th century AD) Saxon population at Yarnton is very similar, as is the mid Anglo-Saxon (7th–9th century AD) site at Caistor-by-Yarmouth.
Table 3. Summary of comparative isotope data available
	Site
	Date
	‘Population’
	No. of humans

	Berinsfield
	Mid 5th to late 6th/early 7th century
	Anglo-Saxon
	92

	Butler’s Field
	Late 5th to early 8th century
	Anglo-Saxon
	127

	Yarnton
	Late 5th/early 6th century?
	Saxon
	9

	Burgh Castle
	7th to 9th century
	Mid Anglo-Saxon
	28

	Caistor-by-Yarmouth
	7th to 9th century
	Mid Anglo-Saxon
	21

	South Acre
	7th to 9th century
	Mid Anglo-Saxon
	12

	York
	Late 7th/early 8th century
	Mid-Anglian
	33

	Repton
	873–4 AD
	Danes
	19

	Birka, Sweden
	c 750 AD to 10th century
	Swedes
	24

	Newark Bay
	c 1000–1300 AD
	Viking
	40

	Wharram Percy
	10th to 16th century 
	?
	28

	St John’s College Oxford
	?1002 AD
	?
	38



Figure 3. Box-and-whisker plots of δ15N values by site
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If we compare the Oxford (St John’s and Castle) data with that from local sites only, we obtain Figure 4. This shows a reasonably clear separation between the two large and relatively local Anglo-Saxon cemeteries (Berinsfield, mid 5th to late 6th/early 7th century AD, and Butler’s Field, late 5th to early 8th century AD) on the one hand, and the Oxford and Yarnton data on the other. We note that Berinsfield and Butler’s Field represent much earlier Anglo-Saxon populations, and it has been observed for some time that there is a dietary shift between early and later Anglo-Saxon populations, probably representing the growth of sea fishing (Hull 2007), although some place the ‘fish event horizon’ a little later, at or after the end of the millennium (Barrett and Richards 2004). The data from Yarnton overlaps substantially with the Oxford data, hindering a simple interpretation of the dietary evidence. It is possible that all three groups represent incomers to southern England, or, more likely, that the local diet was richer in (possibly riverine) non-terrestrial protein from late Roman times onwards.

Figure 4. Comparison of Oxford Castle and St John’s College with local sites
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Summary and conclusions
The stable isotopes of δ13C and δ15N in bone collagen provide long-term evidence for diet, and in particular can show when there is a substantial marine protein input into the diet. The aim of this work was to compare the late Anglo-Saxon/early medieval skeletons from Oxford Castle with broadly contemporary skeletal populations from the Oxford area, and in particular to compare them with the individuals excavated from the mass burial pit at St John’s College, Oxford. These have plausibly been identified with the ‘Danes’ ordered to be slaughtered on St Brice’s Day, 13 November AD 1002. The Oxford Castle individuals match very well those from St John’s, particularly if it is borne in mind that the St John’s burials are all adult males, and many of the Oxford Castle burials are neonates or juveniles.

It is tempting to conclude that these two sets of burials have something in common – possibly being of Danish decent (on the otherwise unproven assumption that ‘Danes eat more fish’). Comparison of these data with other roughly contemporary populations of Viking decent (Newark Bay and Birka) shows that this conclusion is not implausible, but the evidence is somewhat ambiguous, in that other local groups, in particular the early Anglo-Saxons from Yarnton, show some overlap with this ‘Viking’ signature.

Most likely the terms ‘Anglo-Saxon’ and ‘Viking’ are inappropriate for what may be a culturally and ethnically mixed population by the end of the first millennium AD. Evidence is mounting that dietary change in England occurred during the Anglo-Saxon period, with more marine fish being consumed, with the change occurring around the 7th–9th century AD, but with the possibility of regional variation.

There are some further avenues of enquiry, particularly related to teeth. Analysis of oxygen isotopic values from dental enamel (δ18O), and also the isotopic ratio of strontium (87Sr/86Sr) has been increasingly used to demonstrate mobility in ancient human populations (eg Chenery et al. 2010 on a Roman-British population in Gloucester), and we would recommend making these measurements in order to further elucidate the identity of this group of individuals.
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