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Problems with Strontium Isotopic Proveniencing in Denmark?
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ABSTRACT

A recent study by Thomsen and Andreasen (2019) has induced a negative reaction to the
utility of strontium isotope proveniencing in Denmark. Although there are higher strontium
isotope values in the landscape, Thomsen and Andreasen are not correct about the impact
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of their finding on studies of prehistoric mobility. Several case studies identify such “hotspots”

in the landscape and help evaluate their consequences for identifying non-local individuals.
In sum, (1) there are small areas of higher strontium isotope values in Denmark, (2) surface
water is not a reliable proxy for baseline information on local strontium isotope sources, and
(3) strontium isotope proveniencing remains a very useful method for identifying non-local

individuals.

Introduction

There seems to be some confusion and conster-
nation at the present time with regard to the util-
ity of strontium isotopic proveniencing in the
archaeology of southern Scandinavia. Strontium
isotopic proveniencing is a method for determin-
ing if an individual was local or non-local to the
place of burial. The principles of the method are
straightforward and based upon the premise that
ratios of strontium isotopes (¥Sr/*Sr) vary geo-
graphically due to underlying differences in local
geologies (Burton et al., 2003; Price et al., 1994,
2002, 2008, 2010). Strontium isotopes enter the
human skeleton via the food chain, from rock to
sediment, to soil nutrients, to plants, to animals
such as humans. Because strontium has a heavy
mass, there is no fractionation or change along
this path. #Sr is stable and approximately 10 %
in nature; ¥Sr is radiogenic, created by the decay
of rubidium 87 with a half-life of almost 50 bil-
lion years; ¥Sr is variable and around 7% in na-
ture. Thus, older rocks and rocks with more ru-
bidium have higher ¥Sr/%Sr values and younger
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rocks generally have lower values. This premise
has been demonstrated through several decades
of geological research.

These isotopes are deposited in the skeleton and
teeth. Most tooth enamel forms in the period be-
fore birth until about six years of age. Tooth enamel
is one of the most durable tissues in the skeleton,
both before and after death and shows very little
indication of diagenesis — post-mortem chemical
change due to burial. ¥Sr/*Sr values in human
tooth enamel vary from approximately 0.705 to
0.735 and are measured on mass spectrometers ac-
curate to the fourth or fifth decimal pace. If the
strontium isotope ratio of tooth enamel differs
from that of the local region, the individual likely
was not born locally.

In actual fact, levels of strontium isotopes may
vary from local geology for several reasons (Maurer
et al. 2012; Price et al. 2002), including differing
surface deposits introduced by glacial, aeolian, or
fluvial processes or in coastal areas, sea spray and
rainfall may introduce a marine signal with a value
ca. 0.7092. For these reasons it is necessary to
measure bioavailable levels of ¥St/*Sr to charac-
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terize local strontium isotope ratios (Price et al.
2002; Sillen et al. 1998). Local strontium isotope
baseline values can be determined by measuring
archaeological fauna or even modern specimens
of plants or animals in areas where preservation is
poor. This information is compared to the isotope
ratios in the tooth enamel or bone. If the ratios are
different then in all probability the individual in
question was not born locally. The specific place of
origin can be difficult to determine since different
places can have the same strontium isotope ratio,
but it is sometimes possible to constrain a poten-
tial homeland using a combination of isotopic and
archaeological evidence.

I have been working with strontium isotope
proveniencing for almost 30 years. Our Laboratory
for Archaeological Chemistry at the University of
Wisconsin-Madison processed more than 10,000
samples from five continents in that time. I have
published or co-authored a number of papers on
isotopic proveniencing in Scandinavia over the last
decade or so (Price and Gestsdéttir 2006; Sjogren
and Price 2006, 2013; Sjogren et al. 2008, 2013,
2016, 2017; Price et al. 2007, 2008, 2010, 2015,
2012, 2013, 2016, 2017, 2018; Price 2008, 2013,
2011, 2018; Frei and Price 2012; Dobat et al.
2014; Frei et al. 2015, 2019; Arcini et al. 2015;
Bickstrom and Price 2016; Wilhelmson and Price
2017; Bergerbrant et al. 2017; Naumann et al.
2014; Naumann and Price 2020; Kjillqvist and
Price 2019).

Perhaps I should also point out my preference
for the term “provenience”, rather than “proven-
ance”. To my mind, provenance has subjective
connotations from art history that refer more to
context and artist, while provenience is a more ob-
jective term from geology that refers to the study of
sources and measurement of composition.

This essay is organized as follows to discuss spe-
cific aspects of isotopic proveniencing. I initially
consider the study by Thomsen and Andreasen. I
offer some examples that may explain why there
are variations in the ¥Sr/*Sr baseline in southern
Scandinavia. I then turn to a broader discussion of
the utility of isotopic proveniencing and why it is
important to be cautious in its application. This
essay is not intended as an overview of strontium
isotope analysis or a critique of Frei’s study of the
Egtved Girl.

Thomsen and Andreasen (2019)

Many of the concerns with this method in Den-
mark grew out of a paper by Thomsen and An-
dreasen (2019) that pointed to the modern prac-
tice of liming agricultural fields in Western Jutland
and the effect on ¥Sr/*Sr levels in surface water.
This essay is intended to address those concerns
and discuss some of the weaknesses and strengths
of the method of strontium isotope analysis.

The study by Thomsen and Andreasen was in-
spired by doubts raised by an article by Frei et al.
(2015) that argued on the basis of strontium iso-
topic proveniencing of her teeth, hair, nails, and
bone and some information from an artifact that
the Egtved Girl, an iconic burial from the Dan-
ish Bronze Age, was not originally from Denmark,
but had traveled several times between her home-
land in or near the Black Forest in Germany to
her residence and place of burial in Denmark, a
distance of more than 800 km. The local baseline
level of #St/%Sr for comparison was determined
from measurements of surface water (Frei and Frei
2011). For an archaeologist’s perspective, see com-
ments by Hvass (2019) who questions the feasibil-
ity of travel over such long distances and argues for
investigation of the origin of the artifacts that were
included with the burial.

The Thomsen and Andreasen study was an in-
teresting and potentially damaging critique of the
Frei et al. (2017a) article and of strontium isotopic
mobility studies in general. In essence the authors
argued that there were higher ¥Sr/*¢Sr values in the
landscape, especially in western Jutland, and that
modern agricultural applications of lime in areas
with non-calcareous soils reduced the strontium
isotope ratio of surface water and thus made cal-
culation of local bioavailable strontium from water
unreliable. Specifically, the projections of Thomsen
and Andreasen meant that the Egtved Girl could
have been from Denmark all along. If these condi-
tions applied, then basic reference data for stron-
tium mobility studies would be unreliable.

Fortunately, there are some limitations with
the Thomsen and Andreasen study that restrict
its conclusions. Frei et al. (2019) argue that the
introduction of lime onto fields affects only the
upper 60 cm of soil and does not change stron-
tium levels in water below that depth. There are
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examples where surface water seems to provide a
good indicator of baseline values (Maurer et al.
2012; Blank et al. 2018), but many studies (prob-
ably most) of bioavailable strontium do not focus
on surface water with good reason. One simply
does not know the sources of strontium in wa-
ter. Although it is easy to collect, surface water is
not necessarily representative of a particular lo-
cation as water moves, often long distances, and
may incorporate the strontium signal of the dif-
ferent places through which it passes. This caveat
involves both depth and distance in water move-
ment. Moreover, water because of its normally low
concentration of strontium, does not contribute
much to the human consumption of strontium
(Bryant et al. 1958, Comar et al. 1957; Elias et
al.1957; Lewis et al. 2017) and plays a relatively
minor role in body levels of ¥Sr/%Sr. Soil is also
not a good proxy for bioavailable strontium as dif-
ferential weathering of the various minerals in soil
can produce very different ¥Sr/*Sr values (e.g.,
Maurer et al. 2012; Frei et al. 2019).

There are several other kinds of material more
appropriate for measuring strontium isotope base-
lines than surface water or soil (Bentley et al. 2004;
Price et al. 2002; Sillen et al. 1998). These include
modern fauna, modern vegetation, archaeological
fauna, and/or archaeological human bone. Because
there is no fractionation of strontium isotopes due
to the heavy mass of the element, almost any or-
ganic material in the environment can be meas-
ured to obtain the local ¥Sr/%°Sr value. We have
for some time (since 2002) advocated the use of
archaeological fauna (especially small wild mam-
mals) for the determination of strontium baselines.
Grimstead et al. (2017) also have some suggestions
for the standardization of strontium isotope base-
line environmental data.

Unless the strontium from modern lime some-
how contaminates archaeological fauna, this prac-
tice would seem to obviate the potential problems
from lime application. Fertilizer does not appear to
significantly alter strontium isotope ratios either,
as most brands have low to intermediate levels of
strontium isotope ratios (Frei and Frei 2011; Ria
et al. 2004). Moreover, materials buried below 30
cm seem to avoid most contaminants (Bacon et al.
1996; Budd et al. 2000; Frei et al. 2019; Rasmus-
sen et al. 2019).

It should also be noted that tooth enamel is un-
usually resistant to diagenesis and normally does
not take on strontium from ground water after
burial (Budd et al. 2000). It is also the case that we
have measured archaeological fauna from through-
out Denmark and obtained consistent results in
the range of 0.709-0.711 (Figure 3A), with a few

exceptions discussed below.

High Strontium Values in the Landscape

What is most important from the Thomsen and
Andreasen study is the fact that there exist areas
with higher strontium isotope values in the land-
scape that neither the broad sweep of surface wa-
ter sampling (Frei and Frei 2011) nor the analysis
of owl pellets and other faunal remains (Frei and
Price 2012) identified. That low visibility suggests
that these “hot spots” may be limited in number
and small in size, at least outside of western Jut-
land. There are a few confounding cases of higher
values elsewhere in southern Scandinavia as well as
some higher strontium spots in the landscape of
northern Germany. They are present and need to
be identified. I will discuss two examples of such
“hotspots” before examining their cause.

One example comes from the Iron Age site of
Alken Enge where the human remains of battle
victims were placed in lake and bog deposits (Holst
et al. 2018; Lgvschal and Holst 2018), not far
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Figure 1. Scatterplot of radiocarbon age vs. 8Sr/®Sr value
for humans (blue circles) and fauna (red circles) at Alken
Enge. Animals with high strontium isotope values can be
seen above and below the horizon with the human remains
on the right side of the graph.
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from the famous war weapons sacrifices at Illerup,
roughly 20 km southwest of the modern city of
Aarhus. This study was done in collaboration with
Mads Holst and the Alken project, funded by the
Carlsberg Foundation. We measured strontium
isotope ratios on a number of human and animal
remains in the bog deposits at Alken Enge. Radio-
carbon dates on these samples allow us to see that
animals in the younger deposits, which were pre-
sumably local, have high ¥Sr/*Sr values between
0.7117 and 0.7125 (Figure 1). An older sheep or

goat has a value greater than 0.713. The human
values (blue dots) range from 0.7085 to 0.7127.
All of the values greater than 0.712 are higher than
expected from the baseline information for Den-
mark. Given the high values for what should be
local animals, it appears that there is a “hotspot’—a
higher strontium source at or near Alken Enge.

A second example comes from a region of Den-
mark known as Djursland and the CONTACT
project funded by the VELUX Foundation (Klas-
sen 2020), concerned with the movement of ani-

*  Baseline sample location
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Figure 2. (A) sample locations and &’Sr/%¢Sr contours on
Djursland. Coastline reconstructed for the time of occup-
ation of the Kainsbakke site (early 3™ millennium BC) by
Klassen (2014). Sample site numbers refer to Table 3. Gra-
phics: Casper Skaaning Andersen, MOMU, with additions,
(B) Subsurface bedrock on Djursland. Blue is limestone,
green is calcareous clays, Structural map of the Top Chalk
Group on Djursland (GEUS; Ter-Borch 1991).

(C) Thickness of glaciogenic sediments on Djursland
(GEUS; Schack Pedersen/Strand Petersen 1997).
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Figure 3. Ranked distribution of 8Sr/%¢Sr values for (A) 182 baseline values primarily from fauna, and (B) 299 values from

human tooth enamel from Denmark, all time periods.

mals (associated with people) from western Swe-
den to eastern Jutland, Denmark, as a part of the
Pitted Ware Culture (Klassen et al. 2020; Price et
al. 2021). Baseline strontium isotope values were
measured in modern mice and voles collected
across the peninsula of Djursland. Klassen et al.
(2020) note that these values corresponded well
with the depth of glacial deposits on top of lime-
stone and chalk in the subsurface deposits, i.e.,
87Sr/86Sr values were higher in areas with thick-
er glacial deposits and deeper calcareous bedrock
(Figure 2).

Frei and Frei (2011) noted that the variation
in #Sr/%Sr across Denmark could be explained by
the variable mixing of the two major sources of Sr.
These are (a) Sr derived from pre-Quarternary car-
bonaceous sediments (¥’Sr/*¢Sr = 0.7078-0.7082)
and (b) Sr derived from a radiogenic component
in Pleistocene glaciogenic soils with Precambrian
granitoid components (¥Sr/*Sr> 0.712). Appar-
ently, Thomsen et al. (2021) have also discovered
this mixing of different sources of strontium iso-

topes. This seems to be exactly the case in Djurs-
land and is likely the situation throughout most of
Denmark. The moral of this story is that surface
water and large-scale mapping of ¥Sr/*Sr is un-
likely to identify such “hotspots”. National base-
line reference maps (isoscapes) can provide some
sense of regional variation, but it is necessary to de-
velop detailed local baseline maps for every study.

There is good reason to suspect that these “hot-
spots” are generally small and do not have a ma-
jor impact on human ¥Sr/*Sr values in southern
Scandinavia. Figure 3 shows the ranked distribu-
tion of ¥Sr/*Sr values for (A) 182 baseline values
primarily from fauna, and (B) 299 values from hu-
man tooth enamel from Denmark. In both cases
the values fall predominantly between 0.708 and
0.712, the range of baseline values predicted for
Denmark by surface water (Frei and Frei 2011)
and fauna (Frei and Price 2012). The question is
whether these areas of higher values within Den-
mark are large enough to contribute sufficiently
higher ¥Sr/*Sr to raise enamel values. Based on
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the fact that most of the measured human samples
from Denmark fall within the estimated baseline
and the fact that higher values are usually distinct-
ly uncommon, the effect of strontium hotspots in
Denmark appears to be negligible. It is essential
to remember that humans average their intake of
strontium isotopes over a period of months or years
in building bone and teeth. Thus, if these “hot-
spots” are small, their contribution to the average
ratio measured in enamel will also be small.

Conclusions

My remarks are not intended to answer questions
of the origin and mobility of the Egtved Girl. There
are several issues in that study that complicate a
direct answer (von Holstein et al. 2015; Kootker
et al. 2020; Toxvaerd 2020). I would reiterate that
most of the information derived from mobility
studies is quite informative and useful. I think it
is important to note that strontium mobility stud-
ies generally work well to identify non-local indi-
viduals, but determining place of origin is a much
more complicated and difhicult undertaking. It is
essential to be cautious in the interpretation of
such data because it is easy to be mistaken. The
existence of multiple areas with the same stron-
tium isotope signature is a strong reason for not
attempting to determine place of origin. The com-
plex variation in strontium isotope baseline values
in some areas is another reason to be cautious.
Isotopic proveniencing is a relatively new meth-
od in archaeology and as such is still under devel-
opment. There are problems, often associated with

References

establishing ancient baselines for various isotopes.
Analysis for isotopic proveniencing is expensive.
The method only works for first generation im-
migrants. It is also the case that determining the
place of origin for non-local individuals is rarely
possible. At the same time it is obvious that iso-
topic proveniencing has become an important tool
for bioarchaeology. The ability to identify non-lo-
cal burials or the movement of ancient animals or
plants has revolutionized our understanding of
the past and contributed to an understanding that
movement was common in the past. Mobility and
migration have always characterized the human
condition.

Conflict of Interest

I have no conflict of interest associated with this
essay.

Acknowledgements

I would like to thank Anne Birgitte Gebauer for
both inspiring this essay and for her comments.
Collaborative efforts with Lutz Klassen, Robert
Frei, and Mads Holst were essential in develop-
ing my understanding of strontium “hotspots”
in the landscape. I would also like to thank Kris-
tian Kristiansen for his helpful comments on the
text. I would thank reviewers of this essay for their
comments that were helpful. Thanks also to Lasse
Serensen and Katrin Atzbach of the Danish Journal
of Archaeology for their help with the manuscript.

Andreasen, R., and E. Thomsen. 2021. Strontium is released rapidly from agricultural lime — Implications

for provenance and migration studies. Frontiers in Ecology and Evolution 8, 588422.

https://doi.org/10.3389/fevo.2020.58842

Arcini, Caroline, T. Douglas Price, Maria Cinthio, Leena Drenzel, Mats Andersson, Bodil Persson, Hanna
Menander, Maria Vretemark, Anna Kjellstrom, Rickard Hedvall, and Géran Tagesson. 2015. Living
conditions in times of plague. /n: Per Lageris, ed. Environment, Society and the Black Death: An in-
terdisciplinary approach to the late-medieval crisis in Sweden, 104-140. Oxford: Oxbow Books.

https://doi.org/10.2307/j.ctvh1dr32.9



DANISH JOURNAL OF ARCHAEOLOGY 2021, VOL 10, 1-12, https://doi.org/10.7146/dja.v10i0.121659 7

Bickstrom, Ylva, and T. Douglas Price. 2016. Social identity and mobility at an early pre-industrial min-
ing complex, Sweden. Journal of Archaeological Science 66, 154-168.
https://doi.org/10.1016/}.jas.2016.01.004

Bacon, J.R., K.C. Jones, S.P. McGrath, and A.E. Johnston 1996. Isotopic character of lead deposited
from the atmosphere at a grassland site in the United Kingdom since 1860. Environmental Science and

Technology 30, 2511-2518. https://doi.org/10.1021/es950839s

Bentley, R. Alexander, T. Douglas Price, and Elisabeth Stephan. 2004. Determining the ‘local’ ¥ Sr/*¢Sr
range for archaeological skeletons: A case study from Neolithic Europe. Journal of Archaeological Sci-
ence 31, 365-375. https://doi.org/10.1016/j.jas.2003.09.003

Bergerbrant, Sophie, Kristian Kristiansen, Morten E. Allentoft, Karin M. Frei, T. Douglas Price, Karl-
Goran Sjogren. and Anna Tornberg. 2017. Identifying commoners in the Early Bronze Age: burials
outside barrows. /n: Sophie Bergerbrant and Anna Wessman, eds. New Perspectives on the Bronze Age
Proceedings of the 13" Nordic Bronze Age Symposium held in Gothenburg 9" to 13" June 2015, 37-64.
Oxford: Archacopress. https://doi.org/10.2307/j.ctv1pzk2c1.8

Blank, Malou, Karl-Géran Sjégren, Corina Knipper, Karin M. Frei, and Jan Stord. 2018. Isotope values
of the bioavailable strontium in inland southwestern Sweden — A baseline for mobility studies. PLoS
ONE 13(10): €0204649. https://doi.org/10.1371/journal.pone.0204649

Bryant et al. 1958. Strontium in diet. British Medical Journal 1, 1371-1375.
https://doi.org/10.1136/bmj.1.5084.1371

Budd, P, ]J. Montgomery, B. Barreiro, and R.G. Thomas. 2000. Differential diagenesis of strontium in
archaeological human dental tissues. Applied Geochemistry 15, 687-694.
https://doi.org/10.1016/50883-2927(99)00069-4

Comar, C.L., R.S. Russell, and R.H. Wasserman. 1957. Strontium-calcium movement from soil to man.

Science 126, 485-92. https://doi.org/10.1126/science.126.3272.485

Dobat, Andres S., T. Douglas Price, Jacob Kveiborg, Jorgen Ilkjer, and Peter Rowley-Conwy. 2014. The
four horses of an Iron Age apocalypse — War-horses from the 3™ century weapon sacrifice at Illerup

Aadal (Denmark). Antiquity 88, 191-204. https://doi.org/10.1017/S0003598X00050304

Elias, R.W., Y. Hirao, and C.C. Patterson. 1982. The circumvention of the natural biopurification of cal-
cium along nutrient pathways by atmospheric inputs of industrial lead. Geochimica et Cosmochimica

ActaVolume 46, 2561-2580. https://doi.org/10.1016/0016-7037(82)90378-7

Frei, K.M., and R. Frei. 2011.The geographic distribution of strontium isotopes in Danish surface waters
— a base for provenance studies in archaeology, hydrology and agriculture. Applied Geochemistry 26,
326-40. https://doi.org/10.1016/j.apgeochem.2010.12.006

Frei, Karin Margarita, and T. Douglas Price. 2012. Strontium Isotopes and Human Mobility in Pre-
historic Denmark. Journal of Anthropological and Archaeological Sciences 4, 103-114.
https://doi.org/10.1007/s12520-011-0087-7



8 T. Douglas Price

Frei, K.M., U. Mannering, K. Kristiansen, M. Allentoft, A.S. Wilson, I.Skals, S. Tridico, M.L. Nosch,
E. Willerslev, L. Clarke, and R. Frei 2015a. Tracing the dynamic life story of a Bronze Age Female.
Scientific Reports 5, 1043 1. https://doi.org/10.1038/srep10431

Frei, Karin Margarita, Ulla Mannering, T. Douglas Price, and Ramus Birch Iversen. 2015b. Strontium
isotope investigations of the Haraldskaer Woman — a complex record of various tissues. Archacosciences,

revue darchéométrie. 39: 93-101. hteps://doi.org/10.4000/archeosciences.4407

Frei, Karin Margarita, Chiara Villa, Marie Louise Jorkov, Morten E. Allentoft, Flemming Kaul, Per
Ethelberg, Samantha S. Reiter, Andrew S. Wilson, Michelle Taube, Jesper Olsen, Niels Lynnerup,
Eske Willerslev, Kristian Kristiansen, Robert Frei. 2017. A matter of months: High precision mi-
gration chronology of a Bronze Age female. PLoS ONE 12(6): ¢0178834.
https://doi.org/10.1371/journal.pone.0178834. https://doi.org/10.1371/journal.pone.0178834

Frei, Karin Margarita, Sophie Bergerbrant, Karl-Goran Sjegren, Marie Louise Jorkov, Niels Lynnerup,
Lise Harvig, Morten E. Allentoft, Martin Sikora, T.D. Price, Robert Frei, Kristian Kristiansen. 2019.
Mapping human mobility in Third and Second millennium BC Denmark. PlosONE 14(8): €0219850.
https://doi.org/10.1371/journal.pone.0219850

Frei, R., K.(M. Frei, and S. Jessen. 2019. Shallow retardation of the strontium isotope signal of agricul-

tural liming — implications for isoscapes used in provenance studies. Science of The Total Environment
https://doi.org/10.1016/j.scitotenv.2019.135710

Grimstead, D.N., S. Nugent, and J. Whipple, 2017. Why a Standardization of Strontium Isotope Base-
line Environmental Data Is Needed and Recommendations for Methodology. Advances in Archacolog-
ical Practice 5(2),184-195. https://doi.org/10.1017/aap.2017.6

Holst, Mads Kihler, Jan Heinemeier, Ejvind Hertz, Peter Jensen, Mette Lovschal, Lene Mollerup, Bent
Vad Odgaard, Jesper Olsenc Niels Emil See, and Seren Munch Kristiansen. 2018. Direct evidence of
a large Northern European Roman period martial event and post-battle corpse manipulation. Proceed-
ings of the National Academy of Science 115(23), 5920-5925.
https://doi-org.ezproxy.library.wisc.edu/10.1073/pnas. 1721372115

von Holstein, I.C.C., L. Font, E.E. Peacock, M.]. Collins, and G.R. Davies. 2015. An assessment of
procedures to remove exogenous St before #Sr/*Sr analysis of wet archaeological wool textiles. Journal

of Archaeological Science 53, 84-93. https://doi.org/10.1016/j.jas.2014.10.006
Hvass, Lone. 2019. Om Egtvedpigens rejse. KUML 2019: 215-221.

Kjallgvist, Mathilda, and T. Douglas Price. 2019. Mesolithic mobility and contact networks in South
Scandinavia around 7000 cal. BC: Lithic raw materials and isotopic proveniencing of human remains
from Norje Sunnansund, Sweden. Journal of Anthropological Archaeology 53, 186-201.
https://doi.org/10.1016/j.jaa.2018.12.007

Klassen, L. 2014. Along the Road. Aspects of Causewayed Enclosures in South Scandinavia and Beyond. East
Jutland Museum Publications vol. 2. Arhus: Arhus University Press.

Klassen, L. (ed.) 2020. CONTACT. The Pitted Ware Culture in Djursland and Maritime Relations Across
the Kattegat. East Jutland Museum Publications 5. Arhus: Arhus University Press.



DANISH JOURNAL OF ARCHAEOLOGY 2021, VOL 10, 1-12, https://doi.org/10.7146/dja.v10i0.121659 9

Klassen, L., T. Douglas Price, K.-G. Sjogren, L. Wincentz, and B. Philippsen. 2020. Strontium and lead
isotope studies of faunal and human remains from Kainsbakke and Kirial Bro. /z: L. Klassen, ed.
CONTACT. The Pitted Ware Culture in Djursland and Maritime Relations Across the Kattegat. 407-446.
East Jutland Museum Publications 5. Arhus: Arhus University Press.

Kootker, Lisette M., Isabella C.C. von Holstein, Jelle Broeders, Daniel J. Wescott, Gareth R. Davies,
and Hayley L. Mickleburgh. 2020. Reprint of: The effects of decomposition and environment on
antemortem H-Pb-Sr isotope compositions and degradation of human scalp hair: Actualistic tapho-

nomic observations. Forensic Science International 317, 1-10.
https://doi.org/10.1016/j.forsciint.2020.110463

Lewis, J., A. Pike, C.D. Coath, and R.P. Evershed. 2017. Strontium concentration, radiogenic (¥ Sr/*¢Sr)
and stable (8%Sr) strontium isotope systematics in a controlled feeding study. STAR: Science & Tech-
nology of Archaeological Research 3(1), 45-57. https://doi.org/10.1080/20548923.2017.1303124

Lovschal, M., and M.K. Holst. 2018. Governing martial traditions: post-conflict ritual sites in Iron Age
Northern Europe (200 BC-AD 200). Journal of Anthropological Archaeology 50, 27-39.
https://doi.org/10.1016/j.jaa.2018.01.003

Maurer, Anne-France, Stephen J.G. Galer, Corina Knipper, Lars Beierlein, Elizabeth V. Nunn, Daniel
Peters, Thomas Tiitken, Kurt W. Alt, and Bernd R. Schéne. 2012. Bioavailable #Sr/%Sr in different
environmental samples — Effects of anthropogenic contamination and implications for isoscapes in
past migration studies. Science of the Total Environment 433, 216-229.
https://doi.org/10.1016/j.scitotenv.2012.06.046

Naumann, Elise, and T. Douglas Price. 2020. Isotopic investigations of the Gokstad man — Possibilities
and limitations. /z: Jan Bill, ed. New Investigations of the Gokstad Burial. Aarhus: Aarhus University
Press.

Naumann, Elise, T. Douglas Price, and Michael P. Richards. 2014. Changes in dietary practices and so-
cial organization during the pivotal Late Iron Age period in Norway (AD 550-1030): Isotope analyses
of Merovingian and Viking Age human remains. American Journal of Physical Anthropology 155, 322-
331. https://doi.org/10.1002/ajpa.22551

Price, T. Douglas. 2008. Bone Chemistry and Human Migration: Sr Isotope Analysis. /z: N. Lynnerup,
P. Bennike, and E. Iregren, eds. Nordisk Lerebog i Biologisk Antropologi og Human Osteologi, 276-278.
Copenhagen: Glydendal.

Price, T. Douglas, 2013. Human Mobility at Uppakra: A Preliminary Report on Isotopic Proveniencing.
In: B. Hardh and L. Larsson, eds. Studies at Uppdkra, An Iron Age City in Scania, Sweden, 157-169.
Lund: Institute of Archaeology.

Price, T.D., J.H. Burton, and R.A. Bentley. 2002. The Characterization of Biologically Available Stron-
tium Isotope Ratios for the Study of Prehistoric Migration. Archaeometry 44(1), 117-135.
https://doi.org/10.1111/1475-4754.00047

Price, T. Douglas, and Hildur Gestsdéttir. 2006. The First Settlers of Iceland: An Isotopic Approach to
Colonization. Antiquity 80, 130-144. https://doi.org/10.1017/50003598X00093315



10 T. Douglas Price

Price, T. Douglas, and Hildur Gestsdéttir. 2018. The Peopling of the North Atlantic: Isotopic Results
from Iceland. Journal of the North Atlantic. Special Volume 7, 145-162.

Price, T. Douglas, Stanley H. Ambrose, Pia Bennike, Jan Heinemeier, Nanna Noe-Nygaard, Erik Brinch
Petersen, Peter Vang Petersen, and Michael P. Richards. 2007. The Stone Age graves at Dragsholm:
New dates and other data. Acta Archaeologica 78(2), 193-219.
https://doi.org/10.1111/j.1600-0390.2007.00106.x

Price, T. Douglas, Karin Margarita Frei, Hildur Gestsdottir, and Vera Tiesler. 2010. Isotopes and mobil-
ity: Case studies with large samples. Mitteilungen der Berliner Gesellschaft fiir Anthropologie, Ethnologie
und Urgeschichte 31, 203-212.

Price, T. Douglas, Karin Margarita Frei, Andres Dobat, Niels Lynnerup, and Pia Bennike. 2011. Who was
in Harold Bluetooth’s army? Strontium isotope investigation of the cemetery at the Viking Age fortress

at Trelleborg, Denmark. Antiquity 85, 476-489. https://doi.org/10.1017/50003598X00067880

Price, T. Douglas, Jens N. Nielsen, Karin Margarita Frei, and Niels Lynnerup. 2012. Sebbersund: iso-
topes and mobility in an 11%"-12* ¢. AD Danish churchyard. journal of Archaeological Science 39,
3714-3720. https://doi.org/10.1016/j.jas.2012.06.015

Price, T. Douglas, Magdalena Naum, Pia Bennike, Niels Lynnerup, Karin Margarita Frei, Hanne
Wagnkilde, and Finn Ole Nielsen. 2013. Investigation of Human Provenience at the Early Medieval
Cemetery of Ndr. Grodbygérd, Bornholm, Denmark. Danish Journal of Archaeology 1, 93-112.
https://doi.org/10.1080/21662282.2013.798903

Price, T. Douglas, Kirsten Prangsgaard, Marie Kanstrup, Pia Bennike, and Karin Margarita Frei. 2014.
Galgedil. Isotopic studies of a Viking cemetery on the island of Funen, Denmark, AD 700-1100.
Danish Journal of Archaeology 3,129-144. https://doi.org/10.1080/21662282.2015.1056634

Price, T. Douglas, Karin M. Frei, and Elise Naumann. 2015. Isotopic Baselines in the North Atlantic
Region. Journal of the North Atlantic. Special Volume 7, 103-136.
https://doi.org/10.3721/037.002.sp707

Price, T. Douglas, Jiiri Peets, Raili Allmie, Liina Maldre, and Ester Oras. 2016. Isotopic proveniencing
of the Salme ship burials in Pre-Viking Age Estonia. Antigquity 90, 1022-1037.
https://doi.org/10.15184/aqy.2016.106

Price, T. Douglas, Robert Frei, Ylva Bickstrom, Karin M. Frei, and Anne Ingwarsen-Sundstrom. 2017.
Origins of inhabitants from the 16th century Sala (Sweden) silver mine cemetery — a lead isotope
perspective. Journal of Archaeological Science 80, 1-13. https://doi.org/10.1016/j.jas.2017.01.013

Price, T. Douglas, David Meiggs, Mara-Julia Weber, and Anne Pike-Tay. 2017. The Migration of Late
Pleistocene Reindeer: Isotopic Evidence from Northern Europe. Archaeological and Anthropological
Sciences 9, 371-394. https://doi.org/10.1007/s12520-015-0290-z

Price, T. Douglas, Caroline Arcini, Leena Drenzel, Sven Kalmring, and Ingrid Gustin. 2018. Isotopes
and Human Burials at Viking Age Birka and the Milaren Region, East Central Sweden. Journal of
Anthropological Archaeology 49, 19-38. https://doi.org/10.1016/j.jaa.2017.10.002



DANISH JOURNAL OF ARCHAEOLOGY 2021, VOL 10, 1-12, https://doi.org/10.7146/dja.v10i0.121659 1

Price T. Douglas, Lutz Klassen, and Karl-Géran Sjogren. 2021. Pitted ware culture: Isotopic evidence
for contact between Sweden and Denmark across the Kattegat in the Middle Neolithic, ca. 3000 BC.
Journal of Anthropological Archaeology 61, 101254. https://doi.org/10.1016/j.jaa.2020.101254

Rasmussen, K.L., G. Milner, L. Skytte, N. Lynnerup, J.L Thomsen, and J.L. Boldsen. 2019. Mapping
diagenesis in archaeological human bones. Heritage Science 7, 1-24. [41].

https://doi.org/10.1186/s40494-019- 0285-7.

Ria, Laura Vitod, Neus Otero, Albert Soler, and Angels Canals. 2004. Fertilizer chacterization: Isotopeic
data (N, S, O, C. and Sr). Environmental Science and Technology 38, 3254-3265.
https://doi.org/10.1021/es0348187

Schack Pedersen, S.A., and K. Strand Petersen. 1997. Djurslands Geologi. Kebenhavn: GEUS.

Sillen, A., G. Hall, S. Richardson, and R. Armstrong. 1998. 87Sr/86Sr ratios in modern and fossil food-
webs of the Sterkfontein Valley: Implications for early hominid habitat preference. Geochimica et Cos-
mochimica Acta 62, 2463-2478. https://doi.org/10.1016/50016-7037(98)00182-3

Sjogren, Karl-Goran, and T. Douglas Price. 2006. Mobilitet under neolitikum. Undersékningar av stron-
tiumisotoper i minniskoben fran Vistsverige. /n: H. Glorstad, B. Skar, and D. Skre, eds. Historien i
forhbistorien. Festskrift til Einar Ostmo pd 60-drsdagen, 95-104. Kulturhistorisk museum Skrifter nr 4.
Oslo: Universitetet i Oslo.

Sjogren, Karl-Goéran, T. Douglas Price, and Torbjorn Ahlstrom. 2008. Megaliths and mobility in
south-western Sweden. Investigating relations between a local society and its neighbours using stron-
tium isotopes. Journal of Anthropological Archaeology 28, 85-101.
https://doi.org/10.1016/j.jaa.2008.10.001

Sjogren, Karl-Géran, and T. Douglas Price. 2013a A complex Neolithic economy. Isotope evidence for
the circulation of cattle and sheep in the TRB of western Sweden. journal of Archaeological Science
40,690-704. https://doi.org/10.1016/j.jas.2012.08.001

Sjogren, Karl-Goran, and T. Douglas Price. 2013b. Vegetarians or meat eaters? Isotope studies of Ne-
olithic diet at the Frilsegirden passage tomb. /n: S. Bergerbrant and S. Sabatini, eds. Counterpoint:
Essays in Archaeology and Heritage Studies in Honour of Professor Kristian Kristiansen, 43-52. Oxford:
British Archaeological Reports.

Sjogren, Karl-Goran, T. Douglas Price, and Kristian Kristiansen. 2016. Diet and Mobility in the Corded
Ware of Central Europe. PLoS ONE 11(5): e0155083, 1-33.
https://doi.org/10.1371/journal.pone.0155083

Ter-Borch, N. 1991. Kalkoverfladens struktur: Danmark (Structural map of Top Chalk Group). Keben-
havn: GEUS.

Thomsen, E., and R. Andreasen. 2019. Agricultural lime disturbs natural strontium isotope variations:
Implications for provenance and migration studies. Science Advances 5: eaav8083.

https://doi.org/10.1126/sciadv.aav8083



12 T. Douglas Price

Thomsen, E., R. Andreasen and T.L. Rasmussen. 2021. Homogeneous Glacial Landscapes Can Have
High Local Variability of Strontium Isotope Signatures: Implications for Prehistoric Migration Stud-
ies. Frontiers in Ecology and Evolution 8, 588318. https://doi.org/10.3389/fev0.2020.588318

Toxvaerd, Seren. 2020. The strontium isotope ratio ¥Sr/*Sr in archaeological organic matter conserved
in acidic anaerobic environments is hard to interpret. Journal of Archaeological Science: Reports 31,

102379. https://doi.org/10.1016/j.jasrep.2020.102379

Wilhelmson, Helene, and T. Douglas Price. 2017. Mobility and social integration in Iron Age Scandina-
via, a case from Oland, Sweden. Journal of Archaeological Science Reports 12, 183-196.
https://doi.org/10.1016/j.jasrep.2017.01.031



